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HOW TO READ THE MEDICAL LITERATURE

Tom Newman MD, MPH




April 15,2004
listnum "WP List 0" \l 1  WHY read?

listnum "WP List 0" \l 2    To understand the science of medicine better and keep up with new advances in basic knowledge. 


listnum "WP List 0" \l 2    To share with others


listnum "WP List 0" \l 2    For pleasure or personal enrichment


listnum "WP List 0" \l 2   Take better care of patients: i.e. to use available knowledge to optimize your diagnostic and treatment strategies.  (Subject of this talk.)

listnum "WP List 0" \l 1 Types of reading.  


listnum "WP List 0" \l 2  Newspaper mode:  keep up with what's new -- may or may not read it critically.  


listnum "WP List 0" \l 2  Textbook mode: look up basic, generally agreed-upon facts about a particular topic of interest.  Goal is to know the basic biology and at least one party line about a particular disease or issue.  Sometimes useful for in real-time, i.e., could affect decision on patient you are currently caring for.  This is probably the most important type of reading early in your training.


C.  Quick look-up mode: You should use this a lot, although sometimes it barely counts as reading.  This is when you need instant information.  Often you'll be looking for a quick answer on line.  


D   Critical appraisal mode: read an article critically in order to see if conclusions are justified by data and study design and to help you decide whether to change your current practice or understanding.  
listnum "WP List 0" \l 1  Newspaper mode 

listnum "WP List 0" \l 2  Newspapers:  enormous variation in quality.  Many bigger papers do pretty well.  Local TV news pretty worthless.


listnum "WP List 0" \l 2  Newsletters, e.g. Pediatric Notes, Evidence-Based Medicine, the Medical Letter, etc.  Tend to be pricey if you look at cost per page--good things to browse through every few months in the library.


listnum "WP List 0" \l 2  Journal subscriptions.  Residents Pediatrics free  How many journals you want to subscribe to depends on your budget and how much space you have.  For many journals you can get a free table of contents by e-mail.  I get the BMJ contents that match things that interest me, but often am too busy to look at them.

listnum "WP List 0" \l 2  Probably the least important type of reading -- low retention.

listnum "WP List 0" \l 1  Textbook mode 

listnum "WP List 0" \l 2   Rationale:  It's hard to get much out of original articles unless you have some sort of framework or context to put them in.  Developing this context for common diseases is a major goal of medical school and (especially the first year or two of) residency.  So at this stage, most of your reading should probably be textbook mode.  Later, you'll still use this mode for things you don't see very often.


listnum "WP List 0" \l 2  What to read

listnum "WP List 0" \l 3  Read about diseases you see (Diagnosis, pathophysiology, treatment)



listnum "WP List 0" \l 3  Read about diseases you hear about (e.g. diseases others are seeing or diseases mentioned in the differential diagnosis of diseases you see).  (Focus on diagnosis; you can always read about treatment later when/if you ever actually see it.)



listnum "WP List 0" \l 3  Anything else if it's interesting



listnum "WP List 0" \l 3 Avoid reading things you think are boring



listnum "WP List 0" \l 3  It helps a lot to have a specific question



listnum "WP List 0" \l 3  VIEW IGNORANCE AS AN OPPORTUNITY!


listnum "WP List 0" \l 2 Where to look: UpToDate, Stat!ref, MDConsult, general textbooks, sub-specialty texts, review articles, guidelines (including those in "Throw-aways") first, then original articles.  You can go straight to the UCSF library subscriptions to online textbooks via Google.  (E.g. google "ucsf mdconsult")
listnum "WP List 0" \l 1  Critical appraisal mode

A. First decide if it is worth doing!  (Critical appraisal can be time consuming => MUST BE USED SELECTIVELY!)  These same criteria can be used to select an article for a journal club.  This is like deciding which patients warrant a full H&P


listnum "WP List 0" \l 3
Need to have the time to do it, so not much immediate use for outpatients; may be helpful for inpatients



listnum "WP List 0" \l 3 Greatest use is for preparing talks, journal clubs, and occasionally for hot new articles



listnum "WP List 0" \l 3 Scan titles of articles



listnum "WP List 0" \l 3 If it looks interesting, read the abstract



listnum "WP List 0" \l 3  Consider results and conclusions.  If you could believe them, would they change your present understanding, diagnosis, or management of the disease in question?



listnum "WP List 0" \l 3  IF results and conclusion would change your understanding, diagnosis, or management, READ THE ARTICLE CRITICALLY (see below)



listnum "WP List 0" \l 3  Note that, just like seeing patients, if you practice this you can get a lot better at it.


listnum "WP List 0" \l 2  Identify the components of the article.  (This is like the H&P of your journal article.)



listnum "WP List 0" \l 3  Authors and sponsorship:  At this stage of your careers, you probably don't know too many of the authors of articles you read, but it's worth beginning to pay attention -- all of us authors bring our own biases to research and writing, and you can begin to get to know them when you critically appraise what we write.  Looking at sponsorship is even more important.  Be careful about foundation sponsorship: some foundations (e.g. the Giovanni Lorenzini Foundation) are funnels for drug company funds.  Even nonprofit organizations like the American Liver Foundation or the American Heart Association may get a large amount of their funding from industry, which at the very least has power to influence their research agenda, and may affect study design or presentation of results as well.



listnum "WP List 0" \l 3  Research Question:  What is the question this study was designed to answer?  Sometimes it helps to picture a clinical situation you'll be better able to handle if the study is valid.  Examples of research questions are: "Does oral amoxicillin reduce morbidity in infants 6-24 mos old with fever > 39 degrees and no source?" or "Does passive smoking increase hospital admissions for respiratory disease in children?"  Often the last line of the abstract gives the author's answer to the research question.  



listnum "WP List 0" \l 3  Study Design:  What type of study is this?  Randomized blinded trial?  Cohort study?  Case-control study?  Cross-sectional study?  Case series?  If you are having trouble remembering the differences between these, you might want to review one of the references listed in the back of this handout.



listnum "WP List 0" \l 3  Study subjects:  Who was in the study?  How were they selected?  Who was excluded?  How many subjects were there?  Knowing how they selected the subjects is important in order to know whether the study results are valid (sometimes called "internal validity") and whether they are generalizable to the sort of patients you are likely to see ("external validity").



listnum "WP List 0" \l 3Predictor variable(s):




listnum "WP List 0" \l 4What they are:  Sometimes called "independent variables," predictor variables are what the authors think might cause or predict changes in the outcome variable.  For example, in a randomized trial, the main predictor variable is whether the subjects were assigned to the test drug or the placebo.  In a study of passive smoking and respiratory tract disease, it would be some measure of passive smoking.   In the studies of coin ingestions, predictor variables were all the things the authors thought might predict whether the coin would pass spontaneously into the stomach--things like the size of the coin, how long ago the ingestion occurred, and whether it was causing difficulty swallowing.




listnum "WP List 0" \l 4  How they are measured:  For example, passive smoking may be measured crudely by asking the number of adults in the house who smoke or the amount the mother smokes.  Sometimes problems with how the variables are measured bias (i.e, distort) the results of the study, to the point that the study gives the wrong answer to the research question.


listnum "WP List 0" \l 3  Outcome variables:




listnum "WP List 0" \l 4  What they are: the clinically significant phenomena the investigators are trying to predict, prevent, or treat.  Examples are presence or absence of disease, measures of symptom burden, survival time, etc.  Watch for studies that show an effect on an outcome variable that is only marginally interesting.  For example, moderate jaundice affects newborns' BAER's but has no effect on their hearing.  Some studies of cough suppressants compare cough latency (the amount of time it takes a dog to cough when his trachea is irritated); these studies have little clinical relevance.  These marginally relevant variables are sometimes called surrogate outcomes.  In order to be interesting, surrogate outcomes not only need to be closely associated with the outcomes of interest, changes in surrogate outcomes due to intervention have to be associated with changes in the outcome of interest.




listnum "WP List 0" \l 4  How the outcome variables are measured:  If it's a disease, what are criteria for diagnosis?  Are those determining outcome blinded to the predictor variables?  This is especially important when outcomes are subjective, e.g., pain relief,  admission to the hospital, improvement in depression.


listnum "WP List 0" \l 3  Results:  What did they find?  Usually the key results are summarized in tables or figures.  You want to be sure to distinguish between effect size (how big a difference there was between groups) and the P-value.  Remember that the P-value is heavily dependent on sample size, so results can be statistically significant without being clinically significant if sample size is very big.  Effect size is measured by parameters like the odds ratio, relative risk, risk difference, and differences between means.  Also watch for selective subgroup analyses, multiple comparisons, and lack of between groups comparisons.



listnum "WP List 0" \l 3  Conclusions:  What do the authors think the results mean?  Of course you'll draw your own conclusions, but it's worth noting what the authors thought.  If their conclusions go against their likely biases, they are particularly believable (see below).


listnum "WP List 0" \l 2  Identify possible errors, biases, limitations. (This is like your differential diagnosis.)  A systematic way to do this is to consider each of the above components.  It may be helpful to distinguish between the RESEARCH question, which is what you really want to know the answer to, and the STUDY question, which is the question the study actually answers.  Important differences between these two lead to possible biases.


listnum "WP List 0" \l 2  Consider the importance and effects of possible biases.  This is like your management plan.  A differential diagnosis is an important first step, but you still have to develop a plan for the patient.  Having listed 20 things she might have doesn't really get you there -- you still need to consider which diagnoses are likely enough to warrant tests or treatments.  Similarly, having arrived at a list of possible biases by doing a complete H&P on a journal article, you now need to estimate how much each bias might affect the validity of the results, and in what direction.  This is a KEY STEP, often neglected.  For example:



listnum "WP List 0" \l 3  Misclassification bias can occur when the variable measurements are not accurate.  (I use the term very broadly here.)  For example, if your predictor is passive smoking, there may be some children who are exposed (e.g. at day care) whom your measurement (# of smokers in the household) misclassifies as unexposed.  In a randomized trial, some people assigned to active drug may not take it; some assigned to placebo may obtain active drug from outside the study.




listnum "WP List 0" \l 4  Nondifferential misclassification means that errors in measurement occur equally in different groups.  One good reason to blind subjects and investigators is that then all misclassification should be nondifferential.  This is important because NONDIFFERENTIAL MISCLASSIFICATION ALWAYS BIASES RESULTS TOWARDS THE NULL.  One of the most common errors I see in journal clubs is rejecting a study that had positive results because it was susceptible to nondifferential misclassification.  This is a mistake:  if the bias is against finding an association, and it is found anyway, the true association is likely to be stronger than was observed!  This was also an issue when the FDA reviewed possible suicidality of antidepressants.  Some on the panel were critical of the evidence from randomized double-blind trials that antidepressants increased suicidality, even though the biases they were concerned about would have caused nondifferential misclassification.



listnum "WP List 0" \l 4  Differential misclassification, on the other hand, means the error may affect groups differently, and all bets are off -- associations could be either created, magnified, or attenuated.  For example, if investigators aren't blinded, they may more readily classify subjects as improved who got an intervention the investigators believe is helpful. 



listnum "WP List 0" \l 3  Sample size and power:  These are a concern primarily for a NEGATIVE study.  Insufficient sample size makes it HARDER to find a difference, so if one is found, the small sample size is not the explanation.  Of course a larger sample size is always preferable, because it will allow more precision for the estimation of whatever you are trying to measure.  But a small sample size won't give you a falsely positive P < .05 any more often than a large sample size.



listnum "WP List 0" \l 3  What results did the authors/sponsors want?  Unfortunately, numerous motivations other than an altruistic search for truth determine what studies are done, how they are done, how they are written up, and whether they are published.  This is worth considering because if an article comes out with results OPPOSITE to what was desired, it is more believable.  Of course it is impossible to know for sure what the authors/sponsors of a study wanted to find, but you can make a educated guesses:




listnum "WP List 0" \l 4  Investigators like stuff that looks important, that validates our past work, and that might open doors to more funding.   So positive results are generally more appealing, and negative results are more likely to be due to sample size limitations than to other biases, like lack of blinding.  




listnum "WP List 0" \l 4  N.I.H. and N.I.H funded investigators want results that show that investment in basic science pays off.




listnum "WP List 0" \l 4  Industry wants results to show its products are safe and good, competitors' products are inferior, and the diseases they have products for are common and bad.

For example, when a study funded by Merck confirmed a previously noted association between parenteral vitamin K for infants (which they make and market) and later childhood cancer, the funding from Merck made it more believable.  

listnum "WP List 0" \l 1  Specific Examples.  (These are all real examples, but I've edited the abstracts to make them easier to read.)


listnum "WP List 0" \l 2 Pneumograms in infants who subsequently died of sudden infant death syndrome. J Pediatr:109;249‑54. 

     (abstract structured by T.N.)

Research Question: Do abnormalities of respiratory pattern (e.g. short apneic periods) predict SIDS?

Study Design:  Case control study

Study subjects: Cases: Full‑term infants who had been referred to the investigators' laboratory for a sleep study and who subsequently died of SIDS (N=17); Controls:  Normal full term infants age‑ and sex‑matched to cases (n=34)
Predictor variables: Pneumogram read by computer (continuous measurement of EKG and respiration over time)

Outcome variable:  SIDS case vs control

Results: Several differences noted, e.g. higher mean heart rate (P < .05), higher incidence of bradycardia (P<.03) and more periodic breathing (P < .003) in cases.

Conclusion:  Results suggest a disturbance of autonomic function in some infants with SIDS.


listnum "WP List 0" \l 2  Antibiotic administration to treat possible occult bacteremia in febrile children. N Engl J Med:317;1175‑80. 
 (Edited by TN)

We performed a...randomized...double‑blind trial of amoxicillin to treat possible occult bacteremia in febrile children. A total of 955 children aged 3 to 36 months with temperatures greater than or equal to 39.0 degrees C and no focal bacterial infection were enrolled at the emergency departments of two children's hospitals from January 1982 until July 1984. Blood samples for culture were obtained, and the children were randomly assigned to receive either oral amoxicillin or placebo and were restudied approximately 48 hours after enrollment... Twenty‑seven of the randomly assigned children (2.8 percent) had bacteremic infections with pathogenic organisms...  There were no differences in the incidence of major infectious morbidity associated with bacteremia... ‑‑ 2 of 19 patients (10.5 percent) in the antibiotic group and 1 of 8 (12.5 percent) in the placebo group ‑‑ although the power for this comparison was low... We conclude that our data do not support the routine use of standard oral doses of amoxicillin in febrile children who do not have evidence of focal bacterial disease.


listnum "WP List 0" \l 2  Efficacy of frequent nebulized ipratropium bromide added to frequent high‑dose albuterol therapy in severe childhood asthma. J Pediatr:126;639‑45. 

[Includes some info from the text of the paper]

    OBJECTIVE: To determine the efficacy of frequent nebulized ipratropium added to high‑dose albuterol therapy in children with severe asthma.


 METHODS: One hundred twenty children (5 to 17 years) of age) with severe acute asthma (FEV1 < 50% of the predicted value) were enrolled into a randomized double‑blind trial comparing three groups: group 1, three doses of nebulized ipratropium bromide within 60 minutes (250 micrograms/dose); group 2, one dose of ipratropium; group 3, no ipratropium. All patients were also treated with three doses of nebulized albuterol...To avoid a potential confounder, we administered neither corticosteroids or other bronchodilators during the study. 

RESULTS:  At 120 minutes, the mean percentage of predicted FEV1 improved from 33.4% to 56.7% in group 1, from 34.2% to 52.3% in group 2, and from 35.4% to 48.4% in group 3 (p = 0.0001). The differences between groups were larger in those children with a baseline FEV1 < or = 30% of the predicted value: FEV1 increased from 24.5% to 50.9% in group 1, from 25.0% to 39.8% in group 2, and from 25.9% to 36.5% in group 3 (p = 0.0001). In group 1, 38% of the patients were hospitalized after the study, 44% in group 2, and 46% in group 3 (p value not significant). However, in patients with FEV1 < or = 30%, the hospitalization rates were 27% in group 1, 56% in group 2, and 83% in group 3 (p = 0.027). There were no toxic effects attributable to ipratropium. 


CONCLUSION: The addition of repeated doses of nebulized ipratropium to frequent high‑dose albuterol therapy in patients with acute severe asthma is both safe and more effective than albuterol alone; its use in patients with very severe asthma may reduce hospitalizations.

(Partially supported by Boehringer Ingelheim.)


listnum "WP List 0" \l 2    Parental history of cardiovascular disease as an indication for screening for lipoprotein abnormalities in children. J Pediatr:115;186‑94. 

     We studied the relationship between parental history of cardiovascular disease and risk for adverse lipid and lipoprotein levels in a total community study of 3313 children (ages 4 to 17 years, 63% white, 37% black). Older white children (11 to 17 years) with a parental history of heart attack or diabetes were 4.3 and 5.6 times, respectively, more likely to have high levels (greater than or equal to 95th percentile) of serum total cholesterol than those without such a history (all p less than 0.05)...[However,] only 40% of white children and 21% of black children with elevated LDL‑C levels had a parental history of vascular disease. These findings raise questions about the current practice of screening only children with a family history of cardiovascular disease to identify those with elevated total cholesterol and LDL‑C levels.


listnum "WP List 0" \l 2  Colic and the effect of changing formulas: a double‑blind, multiple‑crossover study. J Pediatr:115;521‑6. 
     [Edited by TN]

This randomized, double‑blind trial.. investigated the effect of changing the formula of colicky infants... Three changes of formula were made: for each of four 4‑day periods, colicky infants alternately received a casein hydrolysate formula (Nutramigen) and a formula containing cow milk [3 parts Nutramigen:1 part cow's milk formula to preserve blinding].  Mothers recorded crying in diaries... Nine infants were started on Nutramigen and eight on the cow milk formula. With the first formula change there was significantly less crying and colic in infants when they were fed Nutramigen than when they were fed cow milk (p less than 0.01); with the second change there was less colic when infants were fed Nutramigen (p less than 0.05) but not significantly less crying. By the third change there were no significant differences between formulas. Further analyses demonstrated that there were more clinically meaningful positive responses (a change in crying by at least one third) to Nutramigen than to cow milk (p less than 0.05). However, only one subject had a clinically meaningful response in colic to all three formula changes. These results demonstrate that in some instances, colic improves with elimination of cow milk formula. However, the effect diminishes with time, and only infrequently is the effect reproducible.


listnum "WP List 0" \l 2  Association of lipid‑laden alveolar macrophages and gastroesophageal reflux in children. J Pediatr:110;190‑4. 

The association of lipid‑laden alveolar macrophages (LLAM) and gastroesophageal reflux (GER) was investigated prospectively in 115 patients in two groups. Group 1 included 74 children with chronic respiratory tract disorders and documented GER... group 2 included 41 children with chronic respiratory tract disorders without GER. LLAM were present in 63 (85%) and eight (19%) children from groups 1 and 2, respectively (P less than 0.0001). Thus a strong association between the presence of LLAM and GER in children with chronic respiratory tract disorders was established. We suggest that LLAM from bronchial lavage may be a useful marker for tracheal aspiration in children with GER in whom chronic lung disease may subsequently develop.

listnum "WP List 0" \l 1  Notes on examples:

listnum "WP List 0" \l 2  Pneumograms in infants... 

The problem here is that all of the cases had been referred to the investigators' laboratory for a sleep study, presumably for some reason.  Thus the sample of SIDS cases is probably not representative of all SIDS cases, and it is hardly surprising that their pneumograms show differences from those of normal controls.  A more appropriate control group would have been infants referred to their laboratory who did NOT develop SIDS.  This control group would have been easier for them to study, because their pneumograms were already done!  (The name for this better design is a nested case control study.  The case control study is nested within a cohort, in this case the cohort of infants referred for pneumograms.)


listnum "WP List 0" \l 2  Antibiotic administration to treat possible occult bacteremia...


At first pass, this study seems to provide virtually no information about the research question: the risk of major infectious morbidity (MIM) among bacteremic children was 2/19 with amoxicillin vs 1/8 with placebo, giving a confidence interval you could drive a truck through.  But look again: there was only one case of major infectious morbidity among the ~475 infants who received placebo.  Thus, we can estimate from this study that even if the treatment were 100% effective, nearly 500 children would need to be treated to prevent one case of (MIM).  Thus, their conclusion is probably justified, although the randomized trial did not really provide any information on efficacy.


listnum "WP List 0" \l 2 Efficacy of frequent nebulized ipratropium...


The authors of this study were on the right track doing a randomized study of ipratropium in which both groups got albuterol.  Finding that ipratropium alone worked compared with placebo would not have addressed the question of whether ipratropium adds anything to albuterol.  Unfortunately the subjects for this study still differ in a very important way from subjects in whom I would want to know the efficacy of ipratropium:  they didn't get corticosteroids.  This maximized the possibility of finding a difference between the groups, but makes the study less relevant, since children this sick should probably all get steroids.  Steroids could not have been a confounder in this double blind study, because their use presumably would have been distributed equally in the three groups.


 This study also illustrates something to be cautious about: subgroup analyses.  Although statistically significant, the differences in FEV1 between the groups were pretty small: 48.4% vs 52.3% vs 56.7% of predicted at 120 minutes.  The difference in hospitalizations (a more meaningful outcome) was not significant, but there was a marked difference in hospitalizations among those with FEV1 < 30% at baseline (P = .027).  


What does this mean?  It could easily be a chance finding.  If you slice the data enough different ways, you can usually find a subgroup that benefits.  In fact, if you estimate that about 1/2 the patients in this study initially had FEV1 < 30%, you can show that in the group with FEV1 > 30%, ipratropium was associated with a statistically significant, dose‑response INCREASE in the risk of hospitalizations!


listnum "WP List 0" \l 2  Parental history of cardiovascular disease...

The question, as phrased by the investigators, is: how good is the parental history of cardiovascular disease at identifying children with "abnormal" lipid levels?   The study design and abstract seem OK to me; my quarrel is with the assumptions underlying the research question.  Sensitivity and specificity are used to compare results of a diagnostic test to the "gold standard."  In this case, the gold standard is the blood lipid levels of the children.  But why do we want to know these lipid levels?  Presumably, because they indicate something about future cardiovascular disease risk.  What the study shows is that two possible measures of disease risk, childhood lipid levels and parental history do not agree very closely with one another.  The question is: which is right?  I don't think there are sufficient data to assume that it is the lipid levels.


listnum "WP List 0" \l 2 Colic and the effect of changing formulas... 


 This study illustrates that some potential biases can actually make a study stronger, if the results go the right way.  The sample size here was very small (17 infants total), and yet results were statistically significant, suggesting the effect size must be pretty big.  The intervention formula was not as different from the control formula as it would be in practice, because (in order to preserve blinding) the cow milk formula was diluted to 1/4 strength with Nutramagen.  Obviously, such a difference would tend to bias the results towards finding no difference between the groups.  If no difference had been found, the study would have been unconvincing.  Given the significant results observed, the study provides strong evidence of benefit. 


listnum "WP List 0" \l 2  Association of lipid‑laden alveolar macrophages...


The conclusion does not match the study design.  The study suggests the LLAM is associated with reflux in children with chronic lung disease, NOT that it is associated with lung disease among children who reflux.  (There is nothing in the study to suggest that rate of LLAM positivity in children with reflux but no lung disease is anything other than 85%.)
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