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Lecture 1:  Systematic Review Part 1:  Designing a Systematic Review
Thursday, APRIL 2, 2009 

Required Reading:

· Lecture syllabus for Lecture 1
· Bent S, Shojania, K, Saint, S. The use of systematic reviews and meta-analyses in infection control and hospital epidemiology.  Am J Infect Control. 2004;32:246-254. (A general overview of the 8 steps involved in conducting a systematic review).
Optional Reading:

· Chapters 2,3,4 & 5 in Systematic Reviews in Health Care. Editors Egger, Smith, Altman. BMJ Publishing Group, 2001. (procedures, problems, search strategies, and quality rating in systematic review).
· Moher D, Cook DJ, Eastwood S, Olkin I, Rennie D, Stroup DF. Improving the quality of reports of meta-analyses of randomized controlled trials: the QUORUM statement. Lancet. 1999;354:1896-900. (describes standards for conducting and reporting systematic reviews).
· Stroup DF et al. Meta-analysis of Observational Studies in Epidemiology: a Proposal for Reporting. JAMA. 2000;283:208-212. (describes standards for conducting and reporting systematic reviews of observational studies).
· Jadad AR et al. Assessing the Quality of Reports of Randomized Controlled Clinical Trials: Is Blinding Necessary? Controlled Clinical Trials. 1996;17:1-12. (A commonly used quality rating tool for evaluating randomized controlled trials).
· Hayden JA et al. Evaluation of the quality of prognostic studies in systematic reviews. Annals of Internal Medicine. 2006;144:427-437. (A quality rating tool for evaluating prognostic studies).
Objectives Lecture I:

1. Be aware of the 8 steps to conducting a systematic review.
2. Learn detailed information about the first 6 steps: 

a. Research question

b. Protocol

c. Search

d. Study selection (applying inclusion/exclusion criteria)

e. Evaluating study quality

f. Data Abstraction

3. Receive instructions regarding preparation of a protocol for section.
SYSTEMATIC review -- Part I
“Designing a Systematic Review”

A systematic review evaluates results of previous research to arrive at conclusions about a body of research using a systematic approach to assemble, critically appraise and synthesize relevant studies.  A systematic review includes a qualitative review of the literature and, when applicable, a statistical analysis (meta-analysis) that combines the results of studies taking into account their size and sometimes their quality. The systematic nature of the information retrieval process maximizes the likelihood of obtaining an unbiased estimate of the overall effect size across studies.  The explosion of systematic reviews published has been driven by the recognition that many studies have inadequate statistical power to give meaningful results, the need to summarize large bodies of available data to provide quantitative answers to specific clinical questions, and the demand for evidence-based medical decision-making in an era of ever increasing patient costs.  Systematic review -- Part I, addresses the methods for conducting a systematic review of the literature and Part II the statistical methods for combining results from two or more studies.  

INdications for a SYSTEMATIC review

1. To systematically evaluate the evidence regarding an area of interest and identify a need for further research

2. To obtain a more stable estimate of the effect of an intervention, risk factor, or diagnostic test when studies are individually too small to yield a valid conclusion and to put one study result into perspective by examining all similar studies.

3. To examine and better understand variability and inconsistencies between studies and assess the generalizability of results; these observations can lead to hypothesis generation or recommendations for a new measurement or different analytic method.

4. To perform subgroup analyses

Overview of the steps

A systematic review is a retrospective observational study in which the objective is to collect all existing published articles for review and analysis.  As with any study, the investigator must start by writing a protocol, defining variables, establishing eligibility criteria for study inclusion, creating a timeline and potentially seeking funding.  The goal is to conduct a systematic review that is reproducible and minimizes bias.  The main steps to conducting a systematic review are:  

1. Formulate research question

2. Develop protocol

3. Identify data sources and develop a search strategy

4. Define criteria for including and excluding studies

5. Develop means to assess methodological study quality 

6. Design data abstraction form and pilot test form

7. Select studies based on defined criteria 

8. Abstract data from articles retrieved

9. Statistical analysis (meta-analysis)

10. Evaluation and interpretation of results

Formulating research question and developing protocol

A. Research Questions:  As with any research, the first and most important decision 

in preparing a review is to determine its focus.  Well-formulated, specific research questions are essential for determining the structure of a review and will guide much of the review process including:  defining criteria that studies must meet to be included in the review, strategies for locating and selecting studies or unpublished data, critically appraising studies relevance and validity, and analyzing variation among their results.  The key components of a well-formulated research question are:  

1. Disease or condition of interest 

2. Population and setting

3. Interventions or exposures (e.g. risk factor, medication, diagnostic test)

4. Outcomes of interest 

5. Comparison group

In addition to determining the focus of the review, the research question must meet 

the FINER criteria (see Designing Clinical Research text, pg. 19 for more detail):  

1. Feasible

2. Interesting

3. Novel

4. Ethical

5. Relevant

For systematic reviews, often the most difficult FINER component to meet is feasibility. Since systematic reviews are retrospective observational studies, the investigator is limited by the existence and usefulness of existing data for analysis.  Developing the research question for systematic reviews will require refining the question based on the existence of high quality studies.  An interesting, novel, and relevant research question may only yield a few studies for review or may yield numerous studies of poor quality, in either case, a systematic review may not be warranted.  

B. Writing a protocol:  All components of the protocol should be pre-specified prior to beginning a systematic review.  This prevents the investigator from introducing bias by making major changes in the original research question, study selection process, and data analysis during the review process.   

1. Research questions:  define all research questions prior to analysis


- Primary objectives


- Secondary objectives (subgroup analysis)

2. Background:  

- give rationale for systematic review as well as clinical importance of research

   question

3. Methods:  


a. Identify study population:  

- describe information retrieval or search strategy for detecting population of 

   articles for review and data sources (Ex. MEDLINE, EMBASE, Cochrane)

b. Select study subjects:  

· define inclusion and exclusion criteria that will be applied to articles (study 

subjects) identified in the literature search and give a rationale for selecting criteria


c. Data collection

- decide type of information to abstract (characteristics of study subjects, type of 

intervention, raw data, odds ratios, etc.) and develop and pilot data abstraction form


- describe method of data abstraction (number of reviewers, blinding)


d. Statistical analysis

- Model type (fixed effects vs. random effects)


- Method for combining data to yield summary estimate and variance


- Method for estimating effect size & variance when not provided in article


- Specify how missing data will be managed

- Describe how methodological study quality assessment will be used in the analysis 


- Test for heterogeneity 


- Subgroup analysis


- Sensitivity analysis

data sources, Search strategy, and publication bias
A. Identify studies:  A key component of the review process that differentiates a systematic review from a qualitative review is the quality of the search for studies included in the review.  A high quality search is sufficiently precise to allow replication by other reviewers and is sufficiently extensive to reduce the risks of various forms of bias (e.g., publication bias, reviewer bias).  A precise search explicitly defines and documents the process of identifying studies for potential inclusion in the review and the sources of articles.  Too often reviewers limit their search to an electronic database such as MEDLINE or PubMed, which may lead to under ascertainment of available data.  About half of all published, English-language randomized controlled trials in the medical literature are identifiable on MEDLINE, even if a trained librarian conducts the search.  Also, MEDLINE often does not list all non-English-language references.  Depending on the research question, other electronic databases (e.g. AIDSLINE, CANCERLIT, EMBASE, Cochrane Library) should be considered as potential data sources.  The goal of a systematic search is to maximize the sensitivity of the search process, e.g. retrieval of every article in the population that meets inclusion criteria to maximize available data and reduce the risk for bias.  Specificity is expected to be low (i.e. you will identify many studies that are not eligible), especially for electronic searches, and is sacrificed to maximize sensitivity.  Below is a strategy to search for relevant studies and a variety of other sources to consider when trying to identity studies for review.  

Standard Search

1. Search personal files:  review a seminal article that meets inclusion criteria and an existing review article to identify reference indexing terms (called MeSH terms in MEDLINE) and free text terms from titles and abstracts.  

2. Search appropriate electronic databases

a. Select 10 to 12 indexing terms based on condition or disease of interest and

intervention or exposure and, if needed, free-text terms.  In MEDLINE, articles are indexed according to the most specific MeSH heading available.  

b. Consider "exploding" general terms such as "anti-inflammatory agents" to identify articles indexed under specific terms, such as ibuprofen.  


c. Develop a search algorithm 


d. Define years of publication


e. Run the algorithm over a recent subset of the database (1991-96)

f. Review articles retrieved from search including indexing & free text terms to identify indexing terms not included in initial search

g. Repeat algorithm with newly discovered terms until no additional studies that meet minimal inclusion criteria are met.


h. Run refined search strategy over the entire database date range. 

3. Search the reference list of retrieved articles

4. Contact experts to review study lists

5. Hand search key journals

6. Index Medicus (articles before 1966, if applicable)

7. Science Citation Index (starts with year 1955, if applicable)

Other sources of data to consider

8. Abstracts from conference proceedings

9. Dissertations

10. Books

11. Granting agencies

12. Clinical Trial Registries (e.g. http://www.medlib.com, NIH Inventory of Clinical Studies VA Cooperative Studies Program Master List)

13. Government reports

14. Pharmaceutical companies

Keep good documentation of data sources searched (review article, database sources, experts contacted, citation indexes searched, registries contacted) and the scope of the search from electronic databases.  Sufficient documentation should be provided so that the search process can be replicated.  The following is an example:

Crohn's disease:  Steroids for chronic use or maintenance of remission

The literature included a computerized MEDLINE search using the MeSH terms 

"Crohn’s disease" or "Inflammatory Bowel Disease" and "Glucocorticoid" (exploded) or "Glucocorticoid, synthetic" (exploded). Citations were limited to those in English, French, Spanish, Italian and German published between 1966 and June, 1995.  The reference lists of all retrieved articles were scanned in order to identify additional studies.  Proceedings from major gastrointestinal meetings (American Gastroenterology Association, British Society of Gastroenterology) were also manually searched from 1985 to 1995 to identify unpublished studies.  

B. Publication bias:  Publication bias is a form of selection bias and occurs when published studies are not representative of all studies that have been done, usually because statistically significant results tend to be submitted and published more often than non-significant results.  Publication bias is more common with non-experimental studies with non-significant results such that about 40% are never published.  Randomized controlled trials are less likely to go unpublished, especially if the research question demands a large trial, even if the results are negative.  If the research question can be answered with a smaller trial or the time to study outcome is short, publication bias is more likely when the results are negative.  

What to do about publication bias?

It is important to consider publication bias when conducting a search.  

1. Actively search for unpublished data

a) examine bibliographies of published papers for references to personal communications, conference proceedings and abstracts, b) consult with experts, and c) search databases of unpublished data (BRS Saunders, Clinical Trials Registry, Institutional Review Boards).  When unpublished data is retrieved, it should undergo the same critical appraisal as published data.  Unfortunately, it can be difficult to determine the quality of unpublished data if documentation of research methods is not available.  

2. Measure the potential impact of publication bias on summary estimates derived from meta-analyses

There are no perfect statistical methods to estimate the impact of publication

bias on summary estimates.  The methodologies commonly used in the literature are funnel plots, fail-safe N, and correlation coefficients (see Systematic Review, Part II syllabus for more detail).  

3. Perform a sensitivity analysis with unpublished data  

Unpublished data can be used to conduct a sensitivity analysis to demonstrate the robustness of the summary estimate determined from published results.  

Defining criteria for including and excluding studies 

A. Inclusion and exclusion criteria:  Criteria for including and excluding studies are 

based on the research question, prior research and other analyses.  The inclusion and exclusion criteria are often defined to favor more rigorous studies whose design and conduct are likely to have prevented or minimized systematic errors, or bias.  There is no generic set of inclusion and exclusion criteria;  defining inclusion and exclusion criteria should reflect the key components of the primary research question(s) of the systematic review.  When defining inclusion and exclusion criteria keep in mind the goal of study selection is to be complete while at the same time trying to enhance homogeneity across various study methods.  Below are study features to consider when establishing inclusion and exclusion criteria.  

Criteria for Including or Excluding Studies from Systematic Review
1. Types of study design:  


a. Experimental:  minimizes confounding 


b. Non-experimental:  case-control, cohort, cross-sectional


    • Susceptible to confounding 


    • Results often less certain, less definitive

Criteria for Including or Excluding Studies from Systematic Review (cont.)
2. Study population


a. Disease or condition of interest:  definition including cause, stage or severity


b. Personal characteristics:  age, sex, race, presence of symptoms

c. Setting:  community, outpatient clinic, hospital

3. Similarity of interventions and/or exposures:  


a. Intensity of dose, duration, method of delivery, timing


4. Outcomes of interest


a. Mortality, quality of life, disability, symptoms, signs

5. Type of control


a. Internal vs. external


b. Hospital vs. population-based

6. Placebo-controlled or open control

7. Randomization

8. Blinding

9. Minimum sample size (or number of outcomes) and length of follow-up

10. Years of publication or study conduct

11. Completeness of follow-up:  e.g. at least 80%

12. Multiple publications:  most recent, largest, endpoint of interest

Methodologic Quality Assessment

An adjunct to using rigorous inclusion and exclusion criteria is to develop a quality-rating system that involves scoring studies according to pre-specified items concerning study design and conduct.  Items that minimize bias receive more points.  For example, trials that blind outcome assessors to treatment allocation would be rated more highly than trials that do not.  No generic set of quality criteria has been validated.  To perform a quality rating requires developing a rating scheme tailored to the research question of interest.  Experts in meta-analysis suggest using a panel of experts to select items for the quality rating and to assign points to each item.  The quality rating system should be tested for reproducibility by scoring 3 to 6 articles that span the range of quality.  The quality rating system must be reproducible or it will introduce bias into the systematic review.  Meta-analytic summary estimates reported according to quality scores are usually stratified according to high, medium and low risk scores.  

Quality rating assessments can be used as a threshold for study inclusion, as a possible explanation for differences in results between trials and in sensitivity analyses.  Quality scores can also be used as weights in statistical analyses of results, but these types of adjustments are controversial.  One of the biggest limitations of quality scoring is that the report of the study may not be the entire truth about the study, i.e. poor reporting may lead to a low score even though the quality of the design and conduct of the study were of high quality.  

DATA ABSTRACTION FORM 

How much and what type of data to abstract from retrieved articles depends on the 

primary and secondary research questions.  The key components of a data abstraction form are listed below.  Abstracting data for these key components allows 1) determination of the overall effect size across studies, 2) provides information to assess methodologic quality and causes of heterogeneity or differences across studies, and 3) provides information to judge applicability of results to clinical practice.  

Pilot testing is an important aspect of designing an abstraction form to identify data fields that are not needed or are missing and to identify sources of ambiguity.  When pilot testing, use a good representative sample of studies to be reviewed so most modifications to the form can be identified and corrected prior to data abstraction.  

Key Components of Data Abstraction Form
Study and Reviewer Codes:  Depending on whether the abstraction process is performed blinded, some of these components may not be abstracted: 1) Date of

abstraction, 2) Name of trial/author, 3) Data source , 4) Year, 5) Study number, 6) Name or I.D. number of abstractor/reviewer.

Study Eligibility Criteria:  Usually based on study design or study population, intervention or outcome of interest and is stated as a question.

Ex.  Was the study a randomized controlled trial?  Yes
No
Unsure

Important Clinical Features


Characteristics of subjects and study setting


Intervention, exposure or diagnostic test


Control intervention


Diagnostic criteria for outcome

Research Methods


Blinding


Randomization process


Follow-up (withdrawals, dropouts)


Statistical analysis (intention to treat, multivariate model)

Study Results 


Adjusted or unadjusted odds, risk or rate ratios; risk or rate difference


Continuous outcome:  pre- and post difference or effect size


Raw data


Intention to treat results


Data for subgroup analysis

INItial selection of studies
A. Initial Selection of Studies:  At first, the selection of studies involves reviewing 

the title and abstract to determine if an article definitely does not meet minimal inclusion criteria.  If the titles or abstract leave room for doubt, the full text of the article should be retrieved and reviewed.  At this stage of study selection one or two independent reviewers should review each reference.  More rigorous procedures for selecting studies for full review reduce the risk of error and bias.  

1. review title

2. review English abstract if available

3. retrieve article of foreign language and translation -- estimate the number of articles omitted if only include English language publications; when a large percent are non-English or a single study is very large, every attempt should be made to translate articles. 

FINAL SELECTION OF STUDIES & DATA ABSTRACTION

Study selection should be systematic, reproducible, rigorous, and well documented 

so that selection bias is minimized.  The investigator will have determined a set of explicit criteria for including or excluding studies that will appear at the beginning of the abstraction form.  Studies that do not meet inclusion criteria are excluded.  Keep good documentation of reasons articles are excluded.  Search results and selection of studies should be reported in sufficient detail to allow readers to decide the applicability of the review to their clinical practice and to evaluate the strength of the inferences that can be drawn from the review.   Below is an example of how to report these decisions in a manuscript.  

Reporting Results of Search and Study Selection


# number of articles from MEDLINE within dates of inclusion


# met inclusion criteria


# unpublished


# citations from bibliographies or hand searches


# conference proceedings


# did not meet inclusion criteria because



• not original data



• letter to the editor



• no control group



• different intervention



• different population



• failure to randomize


# met inclusion criteria but insufficient information available for analysis

More than one person should perform the final study selection and data abstraction to check the 1) reproducibility of assessing study eligibility, and 2) reliability of data abstraction from selected studies.  Blinding articles so the reviewer is unaware of the journal, year of publication, authors and institutions, and the funding source may minimize selection bias.  If a quality assessment is conducted, blinding the results while assessing study methods also may minimize selection bias.  When more than one person abstracts data, there will inevitably be disagreements.  The primary reviewer will need to develop a plan for comparing multiple abstractions and for reaching consensus.  Two reviewers who disagree can either meet and come to a consensus or a third reviewer can adjudicate the disagreement.  There also needs to be a plan for managing missing data.  Every attempt should be made to contact the investigator to retrieve missing data and clarify issues about study design.  The reviewer can sometimes calculate relative risks and confidence intervals from data of randomized controlled trial.  However, non-experimental studies often require contacting the authors since adjustment for variables such as age cannot be accomplished from raw data presented in the article.  

COMBINABILITY OF STUDIES - - CONCEPTUAL HOMOGENEITY

Before combining study results quantitatively to get an overall effect size or summary estimate, consider whether the studies are of similar exposures, populations, settings, study design, and outcomes such that an average effect would be clinically meaningful.  Pooling results of several studies is not appropriate if the studies differ in a clinically important way with respect to any of these study elements.  If the studies have similar methods, then assess whether the findings are similar.  If the magnitude or direction of the effect sizes differ greatly among studies and if the confidence intervals do not substantially overlap, one should question whether it is appropriate to pool the results.  Combining poor-quality data, overly biased data, or data that do not make sense can produce unreliable results. Variability in results often suggests that studies may have differed in some important way and understanding the differences should be the focus of the systematic review.  

CRITIQUING A SYSTEMATIC REVIEW

A useful review requires clear reporting of information obtained and the scientific methods used to minimize error and bias in obtaining and analyzing information.  In conducting or evaluating a systematic review, consider the following checklist for avoiding bias including publication and duplication bias:

Questions to Consider When Critiquing a Systematic Review
1. Research question


• Were original questions well formulated? 

2. Study Identification


• Was there a comprehensive search for data using appropriate sources? 


e.g. unpublished data and non-English language articles considered

        • Were unbiased explicit searching strategies appropriate to the research   question used and are they reproducible?


• Is there estimation of the degree of potential publication bias?

3. Study selection


• Were the inclusion/exclusion criteria used based on a theoretical framework?

        • Were selection criteria applied in a manner that limited bias, e.g. multiple reviewers?


• Was there a rationale for excluding studies?

4. Appraisal of studies


• Was the validity of individual studies addressed in a reliable manner?


• Were important parameters that could affect study results addressed?

5. Data Collection

        • Was missing information regarding outcomes and other variables considered key to interpretation of results?

Questions to Consider When Critiquing a Systematic Review (cont.)

6. Data synthesis


• Was an assessment for statistical heterogeneity performed?

        • Was a sensitivity analysis performed? e.g. Were results sensitive to changes in the way the analysis was performed (including or excluding unpublished


data, data from studies of lesser methodological quality or data from studies    with ambiguity over whether they meet study selection criteria).
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