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	INTRODUCTION:
	

	I’m Carlton Hornung, Director the Office of Education and Career Development in the Clinical and Translational Science Institute and professor of Epidemiology and of Medicine. 
You may be required by your residency or fellowship program to complete a scholarly research project prior to graduation or sitting for your board exams. Or, you may be a new member of the faculty and want to begin your career in translational or patient-oriented research. Whatever the case, this video was created to help you get started on a research project and maybe even begin a career in clinical and translational research. 

You probably don’t have a great deal of experience doing clinical or translational research and may even believe that doing research is synonymous with doing “work” which is how you may have been involved in a research project in the past. Well, I’m fond of citing a couple of experienced clinician scientists who have a totally different notion of research and one that you’ll find most researchers will agree with. They wrote that:

“…many people find that they like doing research. For those with inquiring minds, the pursuit of truth can become a lifelong fascination. For perfectionists and craftsmen, there are endless challenges in the effort to create the most elegant study. And for those with the ambition to make a lasting contribution to society, there is the prospect that skill, tenacity and luck may lead to important advances” 
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“…many people find that they like doing research. For those with inquiring minds, the pursuit of truth can become a lifelong fascination. For perfectionists and craftsmen, there are endless challenges in the effort to create the most elegant study. And for those with the ambition to make a lasting contribution to society, there is the prospect that skill, tenacity and luck may lead to important advances”
     SB Hulley and SR   

     Cummings, (eds.) Designing  

     Clinical Research, Williams  

     and Wilkins, Baltimore,  

     1988, p. iv)
 

	The point is that doing research doesn’t have to be drudgery, or boring! It can be and should be challenging and above all it should be interesting. Having said that, I also have to repeat the advice of a famous biostatistician named Jerome Cornfield who wrote about giving a talk at a conference. He said that “On being asked to talk on the principles of research, my first thought was to arise after the chairman’s introduction, to say ‘Be careful’, and to sit down”. Professor Cornfield went on to say that there are principles of research, and most importantly that these principles are not self evident but there are persons qualified to speak about them and to help you learn them. The lesson to be learned from Professor Cornfield is that if you are not a trained investigator or an expert researcher, don’t assume that your gut instincts will get you through the minefield of possible errors and mistakes-- get help from experts, or experienced investigators before you start a project. Most importantly, don’t start collecting data until you have a sound and expert approved research protocol. Remember, your disaster is unlikely to become someone else’s emergency! 
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	You see on the screen a figure depicting the core competencies you should be familiar with to do quality patient oriented clinical and translational research. Of course your research project may not require each of these steps---you might for example do a comprehensive and systematic literature review which may or may not include a meta-analysis; or, you may do a laboratory-based research project that doesn’t involve collecting new data from human or animal subjects. Nevertheless, learning something about each of these steps and the core competencies involved will help you in the future. For instance, it will help you be a more critical reader of your professional literature and therefore a better provider of care to your patients or clients.
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	Section II: Getting Started
	

	Maybe the most common question asked by those just getting started in research is “how do I find a research project”? That’s not an easy question to answer—there are lots of ways to identify a research question or find a research project. 

The figure on the screen depicts the cycle of translational research. It begins with T1 Proof in Concept studies which take ideas or treatments discovered in the laboratory and tests them at the patient’s bedside. There’s also the reverse of ‘bench-to-bedside’ or ‘bedside-to-bench’ research that takes, for example, blood or tissue samples from patients back to the laboratory in an effort to discover biomarkers through genomic, transcriptomic, proteomic and metabolomic methods and studies.
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	Then there’s T2 ‘bedside-to-community’ or ‘proof in practice’ research. In these kinds of studies researchers take treatments shown to be safe in early Phase patient studies and tests their efficacy in large populations. You are probably familiar with Phase III clinical trials that typically involve randomizing subjects to the active treatment or to a placebo or standard care where neither the patient nor members of the care team know which treatment a patient is receiving. T2 bedside to community research also includes health services research and the more recent interest in comparative clinical effectiveness research. Going the opposite direction, ‘community-to-bedside’ research is, for the most part, equivalent to therapeutics ---that is the study of how treatments that have been shown to be effective in controlled trials come to be the standard of care in a community and the factors that affect the rate of adoption of treatments by care givers and patients. Therefore, the first question you have to address is what kind of research are you interested in doing? Then ask when is the deadline for completion and how much time do you have to do the research?


	

	I’m sure that in the course of caring for patients or reading your medical journals you have wondered why a treatment didn’t work as well as anticipated or why a treatment worked better than you or anyone anticipated—these are the starting points for good research questions. What is it about this patient or how the treatment was provided that made a difference in the patient’s clinical course or his or her outcome? You’ve probably also had a similar experience listening to your attending physicians or talking with colleagues when you’ve said to yourself “I wonder if”…or “what could we have done differently”…or “is there something about this patient that would enable us to predict the outcome in other patients”? These are all the seeds of research questions. 
	

	You can also begin to identify a research question by talking with faculty who are engaged in research---either one-on-one or by attending your department’s grand rounds, research seminars and other forums across the University or hospital. Look for someone who is doing research on a disease you’re interested in or on a patient population in which you’re interested. But don’t limit yourself to just the faculty in your department---most research done today is multi and inter-disciplinary. So look around at the basic science departments in Medicine and Dentistry as well as in the Schools of Nursing and Public Health and even on the main campus of the University in Biology, Chemistry, the Speed School, etc. And, if you’re interested in health services research or the cost-effectiveness of alternative treatments, don’t neglect the College of Business and the department of economics. 
	

	A good place to start is the Research Office for the Health Science Campus. They know about all the grants awarded to faculty and can help you identify ongoing research across the University.

When you have the name of a researcher doing work in an area you’re interest learn about the researcher—his or her publications, grants and history of advising others who were just beginning their careers. Experienced researchers always have more research questions than they have time to answer. Getting a piece of the action of an ongoing project under the direction of an experienced investigator, particularly one who is willing to help you develop your research ideas, can save you a lot of time and can also be a big boost to your career. 

Even if you can’t find someone doing research related to your interests, you’ll need to find a faculty member to be your advisor—you might even think about getting more than one. Find someone whose clinical interests and expertise matches your research interests then find a methodologist or epidemiologist who can help you with the technical aspects of designing your study. Enlisting the assistance of a methodologist is especially important if your clinical advisor is not an established investigator.
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	Section III: What Has Gone Before: Using the Library


	

	When you have a general idea of a research question or research project, what comes next? Contact the professional librarians at the Kornhauser Health Sciences Library and get help on how to search the scientific literature related to your idea. You might also consider learning how to use reference managing software to keep track of the articles and sources you identify. Knowing how to manage references will always be useful since you’ll be reading the medical journals throughout your career.
You have an obligation to patients or clients and to your profession to determine whether or not the answer to your research question is already known. The health sciences library has staff whose job it is to help you identify relevant scientific literature—use them! They will save you an enormous amount of time. If you try searching on your own, you may very well end up with thousands of references---and there is no way can you read or synthesize or integrate that amount of literature. 
Use the library staff to find the important literature but don’t neglect to search the “grey literature” - that’s the literature outside the traditional scientific journals. The most important grey literature is the proceedings of scientific meetings. It is there that you will find the abstracts of studies that don’t produce ‘statistically significant’ results---the inconclusive studies that are unlikely to appear in the pages of the published journals.
	[image: image5.jpg]


 

Kornhauser Health Sciences Library

http://louisville.edu/library/kornhauser/


	To reduce the number of studies you need to review, consider the hierarchy of scientific evidence. The best evidence—the gold standard, is evidence produced from carefully done randomized, blinded clinical trials and especially the results of meta-analyzes of randomized trials. The next best evidence comes from prospective observational or cohort studies followed by retrospective cohort studies, then cross-sectional studies then by case-control studies and finally by anecdotal evidence presented in case-series or case reports. 

	Hierarchy of Evidence Quality
1. Randomized Controlled Clinical Trials

2. Prospective Cohort Studies

3. Retrospective Cohort Studies

4. Cross-Sectional Studies

5. Case-Control Studies

6. Case Series/Case Reports

	Before you start to plow through the stack of literature you identified, you’ll find it useful to familiarize yourself with published guides to critical reading and to criteria for evaluating the quality of the scientific research literature. We’ve posted on the OECD page of the CTSI website the references to a series of articles published in JAMA that will alert you to common sources of bias and errors that can and do occur in many published papers. There is also a link to a paper by Moher and colleagues that is a systematic review of guidelines for reporting health research. Remember, just because a paper is published in a prestigious journal doesn’t mean that it is error free. In fact, most of the published literature contains errors, in some cases, serious errors that undermine the validity of the conclusions. Learn how to spot those errors so that you can avoid them in your research.


	

	We’ve also posted the link to the Grading of Recommendations Assessment, Development, and Evaluation publications. The second article in the series of GRADE papers by Guyatt and colleagues entitled, “GRADE guidelines 2. Framing the question and deciding on important outcomes”, will be very helpful as you begin to formulate your research question. 

There are also posted guides and criteria for how to evaluate specific study designs. The CONSORT Statement is a 25-item checklist and a flow diagram that will help you evaluate the quality of randomized controlled trials or RCTs. The checklist focuses on how the trial was designed, analyzed, and interpreted while the flow diagram directs attention to how subjects were selected and their participation through the course of the trial and follow-up. 
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	Your literature search will most likely identify more observational studies than RCTs. STROBE, which stands for STrengthening the Reporting of OBservational studies in Epidemiology, is an effort by epidemiologists, methodologists, statisticians, researchers and journal editors to improve the reporting of case-control, cohort, and cross-sectional studies. It is meant to guide the authors of observational studies and is endorsed by more than 100 medical journal editors. However, you can use the STROBE checklists for the major types of observational studies to evaluate the validity of the methods and conclusions of the observational studies you found in your search of the literature. 
Clearly you want to give the greatest weight to the findings of the highest quality studies regardless of whether or not they are randomized trials or observational studies and you want to give the least weight to those studies with the poorest methods.
	The Strengthening the Reporting of Observational Studies in

Epidemiology (STROBE) statement: guidelines for reporting

observational studies
Journal of Clinical Epidemiology 61 (2008) 344e349

	Section IV: Developing the Research Question 
	

	So now that you have reviewed the relevant literature, how do you use that information to come up with a research question? Here’s an anagram that will help:  PICOT 

‘P’ refers to the population you want to study. Specifically, what are the clinical, demographic, and social characteristics of the patients you’re interested in --- age, gender, education, income, medical conditions or co-morbidities, etc and what the literature says about those characteristics and their relationship to what you want to study. You will need a clear definition of your population before you can begin collecting data.

‘I’ stands for ‘intervention’ ---how do you want to intervene in the clinical course of the disease or management of patients? In the case of observational studies, ‘intervention’ can refer to a characteristic or “risk factor” that you think will make a difference in the sense of being the cause of developing a disease or experiencing its consequences? In observational studies, ‘I’ is the risk factor of interest.

‘C’ is for comparison ---what do you want to compare your intervention to or what is the control. In observational studies the comparison or control is the absence of the risk factor that is the presumed cause of the outcome of interest.
‘O’ is for outcome ---what is the outcome or consequence that you hope to achieve or avoid. You must have a very clear and unambiguous definition of what the outcome of your study is whether it be a ‘cure’ or reduction in symptoms and/or suffering. We’ll say more about outcomes in a moment but I would encourage you to think about “what is a clinically meaningful difference” in the outcome of treatment. 

Finally, ‘T’ is for time--- what is the timeframe in which your outcome will or will not occur? If the duration of your study and follow-up period is too short for the treatment to bring about a meaningful difference in the outcome your study will not be successful—except for the finding that your follow-up period was too short!!! 

	P---Population you want to study
I---Intervention; how do you want to intervene in the clinical course?
C---Comparison; what do you want to compare your intervention to?

O---Outcome; what is the outcome of your intervention that you want to achieve or avoid?

T---Time; what is the timeframe in which your outcome will or will not occur?



	Section V: Refining the Hypothesis 

 
	

	In the previous section, we discussed the PICOT anagram. Let me return to ‘O’ for outcome.

 The anticipated outcome is generally the hypothesis of the study. It must be stated very precisely because how it is stated in words dictates how the statistical analysis is performed and how it is measured with data. In reviewing the literature, pay particular attention to how the variables that are important in your study are measured—are there established and tested scales and what is known about their reliability and validity. Failing to state your hypothesis in precise terms can result in an inadequately designed study with ambiguous results at best and meaningless results at worst. 


	

	Let me give you a simple example. Suppose the literature I reviewed suggested that a new drug combination would improve the treatment of hypercholesterolemia. Suppose that I stated the research hypothesis as:  the new combination drug will be better at controlling hypercholesterolemia than the current standard therapy.

Ideally I’d set this study up as a clinical trial and randomize eligible subjects to either the new combination drug or to standard therapy and follow their serum cholesterol over time---making sure to follow them long enough for the drug to have a meaningful effect and long enough to find any new complications associated with treatment. I probably don’t have time to do a randomized trial, so let us say I can collaborate with Dr. Jones and use data she has already collected as part of a trial on drug therapy for lipid disorders. 

Suppose the results of the trial showed that 75% of subjects on the new combination drug had LDL cholesterol levels below the target 100 mg/dl at 1 year compared to only 50% of subjects on standard care and that a difference in proportions Chi Square test was statistically significant at the 0.05 level. You might conclude that the new combination drug is ‘better’ than standard therapy because it reduced the risk of elevated LDL by some 40%.. 

But suppose a second look at your data showed that the mean decrease in LDL cholesterol in subjects on the new drug was 35 mg/dl compared to a 65 mg/dl decrease among subjects given the standard therapy and that a t-test for the mean difference was significant at the .05 level. Now you might think that standard therapy was ‘better’ than the new drug. 
	Table 1:
· Serum LDL

· Cholesterol

Standard Drug

Therapy

New Combination

Drug Therapy

Total

· ≥ 101 mg/dl

20

(50%)

10

(25%)

30

(37.5%)

· ≤ 100 mg/dl

20

(50%)

30

(75%)

50

(62.5%)

· otal

40

(100%)

40

(100%)

80

(100%)

Χ2 = 5.33 p < 0.038

RR = 0.60 (95% CI = 0.39 – 0.92)
Mean Decrease in Serum LDL Concentrations
Standard Drug Tx

65 mg/dl

Combination Tx

35 mg/dl


p = 0.046



	The confusion results from the hypothesis being ambiguous—what did you mean by ‘better’? 
In the first instance ‘better’ was taken to mean a higher proportion of subjects having LDL values below a target value which called for a difference of proportions test. In the second instance, ‘better’ meant a larger decrease in mean LDL and called for a difference of means test. You should avoid this kind of ambiguity by stating very clearly what your research hypothesis is.
	

	Here’s a tip on how to avoid ambiguity and a lot of other problems. Write the results of your study first!!! Start by describing the population and what you think your results will be—and be specific. The more detail you put into writing what you anticipate your results to be, the more likely you will anticipate and avoid the pitfalls and mistakes that would otherwise threaten the validity of your study. If you write a detailed discussion of what your results ought to be, you will gain a lot of insight on how you need to analyze your data and that will tell you what data you will need for that analysis. 

When I say write the results first, it’s analogous to taking a vacation trip with the family. Before you all get into the car you know where you are going for your vacation---It would be senseless to start driving then ask your GPS device where you’ll end up! Plan your research just like you plan the route to your vacation destination. You will still encounter detours and delays in your drive and challenges in your research but the trip will be much shorter and more enjoyable. 
	

	The most important lesson to learn is to put in the time and effort at the front end of your research project. Get help from a clinical epidemiologist or experienced investigator in designing your study and from a biostatistician in developing a data analysis plan that describes what statistical tests and procedures you will use, what data you will need to collect and how all of the variables will have to be measured. The data analysis plan, and I emphasize plan, precedes and defines the data to be collected. Don’t collect data thinking you’ll find someone to analyze it later.


	

	There’s still one more important task. That is making sure that your research plan conforms to the guidelines for the responsible conduct of research and that you have the required training in the responsible conduct of research. On the screen is the website for the University’s Research Integrity Office. Contact them to learn about the seminars and on-line programs they offer so you can meet the training requirements for responsible conduct of research and what you will need to do to complete CITI Human Subjects Training as well as HIPPA training so that you can get Institutional Review Board Approval for your project. 

	Lower third:
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