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One of my goals in teaching biostatistics to undergraduate biology or dental and medical residents is for them to learn to critique a journal article in their field.  In order to achieve this, I give each student a copy of the same article.  I have pre-selected this article to offer a challenging sample of possible errors.  I distribute outlines to the students (see below) which offer criteria for critical appraisal.  I will then introduce two books that discuss common mistakes made in medical research.  Finally, I will present several journal articles that I have asked the students to critique with a summary of the errors I think they can identify. Two of the articles are from the dental literature and the other six from medicine.

To assist the undergraduates in critical appraisal, I distribute a modified version of Colton's "Outline for Critique of a Medical Report". (Colton T.  Statistics in Medicine.  Boston: Little, Brown and Company, 1974.)
Colton's "Outline for Critique of a Medical Report". (items in italics added by author)

I. Object or hypothesis
A. What are the objectives of the study?

B. What is the population to which the investigators intend to refer their findings?

C. Is the title appropriate?

II. Design
A. Was the study an experiment, planned observations, an analysis of records,*or a laboratory experiment?

B. How was the sample selected? Are there possible sources of bias? 

C. What is the nature of the control group?  
D. If a clinical trial, was it approved by an IRB and was informed consent obtained?

III. Observations
A. Are the definitions clear, including diagnostic criteria, measurements made and criteria of outcome?
B. Was the method of classification or measurements consistent? Are there possible biases in measurement? 
 C. Are the observations reliable and reproducible?

D. If an animal experiment, which species was used and why? 

E. If a laboratory experiment was enough detail given for the experiment to be replicated?
IV. Presentation of findings     
A. Are the findings presented clearly, objectively?

B. Are the findings internally consistent?

V. Analysis     
A. Are the data worthy of statistical analysis?  Are the methods correct?   
B. Could "statistical differences" be due to lack of comparability among the groups?   

C. Was there a power analysis to determine sample size and a discussion of a "clinically important" difference?
VI. Conclusion-      Were the conclusions justified by the study?

VII. Constructive suggestions- In replicating this study, what changes could be made to improve it?
VIII. Validation
Verify some of the statistical results using statistical methods studied this semester.  Note in the critique if the authors used the correct statistical method but did not provide the data or summary statistics for you to perform the analysis. If they did not use the correct statistical procedure, you should perform the correct analysis if sufficient detail is given in the article.
IX. Definitions
List 3 unfamiliar medical or dental terms their definition and a reference for the definition.
For both the undergraduates and medical residents, I outline DerSimonian's article, "Reporting on Methods in Clinical Trials".  She lists eleven elements that should be included in a clinical trial.  They are: eligibility criteria, admission before allocation, random allocation, method of randomization, patient's blindness to treatment, blind assessment of outcome, treatment complications, lost to follow-up, statistical analyses, statistical methods, and power calculations. (DerSimonian R, Charette LJ, McPeek B, Mosteller F. Reporting on Methods in Clinical Trials.    N Engl J Med. 1978;306:1332-1337.)
Additionally, medical residents are advised to use the McMaster series on "How to read clinical journals". (Department of Clinical Epidemiology and Biostatistics. McMaster University. Hamilton. Ont. How to read clinical journals: Why to read them and how to start reading them critically. Canadian Med Assoc J 1981:124:555-558). This series consists of an overview article and four articles on specific types of medical studies, diagnostic tests, prognosis of disease and etiology. It also offers guidance on how to distinguish useful from useless or even harmful therapy.  When a resident is presenting a review of a journal article, he or she is asked to determine which of the four types of medical studies is under review and to use the outline offered under that type.
Late in the course, the students and residents are given a “wonderfully bad” article. The undergraduates write a formal critique, the residents are just asked to identify the errors. I have built a collection of these “wonderfully bad" articles.  These articles have numerous mistakes that undergraduates with just one semester of biostatistics could detect.  The articles allow for a wide range of critical insight and ability on the part of the student. Some students barely scratch the surface, "This is a great article that doesn't contain any mistakes as you would expect because it was published in a well-known medical journal", while some students find all the errors.  Eight of the studies used are described below with a synopsis of their flaws.
8 Wonderfully Bad Articles

Walton RE, Chiappinelli J. Prophylactic penicillin: Effect on posttreatment symptoms following root canal treatment of asymptomatic periapical pathos. J Endodon 1993;19:466-470.

Patients about to receive a root canal were randomized to penicillin, placebo, or no medication. It is unusual to have both a placebo and a no medication control groups with only one-third of the subjects receiving active treatment.  The presence of the no medication group causes the study to be unblinded. 

In the article the table below is presented:

Table 1. Incidence of post-treatment symptoms* (from Walton and Chiappinell)

	Group
	N
	Without symptoms
	With Pain
	Swelling
	Flare-ups

	Penicillin
	26
	7
	18
	1
	0

	Placebo
	24
	3
	19
	1
	1

	No medication
	30
	9
	21
	0
	0


* chi-square, df = 28, 95%=5.6324, p = 0.68 (not significant)

There are some problems with the analysis.  Patients filled out a questionnaire at 4, 8, 12, 24, & 48 hours using a visual analog scale to measure the intensity of their pain.  The authors changed the visual analog scale to 4 categories: none, mild, moderate, and severe.  They do not tell us how this was done. The only statistical method reported is a chi-square test.  The chi-square tests are not computed correctly.  The degrees of freedom are reported as 28.  The chi-square test was computed with the marginal row totals (26, 24, 30) entered as part of the data.  Several of my students pointed out that the authors got the wrong answers but one student made the same mistake as the authors (he pointed out that the correct df = 8!).  The expected values for a number of the cells are much smaller than 5. The outcomes were measured over several time points but only one set of scores was analyzed.  It was never stated how the scores were combined.  The outcomes listed in Table 1 are overlapping as swelling and flare-ups probably are accompanied by pain.  
Other problems with the study:

· They only analyze the data using a chi-square test when the Kruskal-Wallace test is needed for ordinal data.

· The patients went home, but not on a standard protocol.

· Swelling and flare-up of symptoms were only measured if the patient returned to the dentist’s office.

· The authors state that the root canals were performed by dentists with different levels of training but this is not accounted for in any of the analyses.

· The results in the tables do not match the results reported in the discussion. 

Siblerud RL. The relationship between mercury from dental amalgam and mental health. Am J Psychotherapy. October 1989: Vol XLIII: No. 4: 575-587.
Siblerud purports that the mercury in dental fillings affects mental health. He reasoned that in high doses mercuric oxide is a toxin and that mercury poisoning can cause psychological problems in humans. (Aside: do you know what character in Alice’s Adventures in Wonderland is associated with mercury poisoning? Makers of felt hats (hatters) were exposed to mercuric oxide.  Some of them developed mercury poisoning and began behaving strangely.  Hence the phrase, “Mad as a Hatter.”) 
Part I 

Seventy volunteers responding to ads in the local college newspaper.  They filled out several mental health questionnaires and had mercury levels of their hair and urine samples measured. A dental hygienist counted the number of amalgam fillings each subject had.  The patients were divided into two groups, those without any amalgams and those with amalgams.  The two groups were compared regarding their answers to the mental health questions. Results: “When lifestyle was assessed the amalgam group appeared to have a poor lifestyle.  They craved and ate more sweets, smoked more cigarettes, consumed more alcohol and drank more coffee than the non-amalgam group.”  
Is there convincing evidence that the mercury in the amalgams is causing a poorer choice in lifestyle? The more likely explanation is that the sweets, smoking, and alcohol caused cavities, and hence lead to the presence of amalgams, rather than the mercury from the fillings caused the poorer lifestyle.
Other problems with this portion of the study include:

· Mercury exposure could be due to other environmental effects or from food such as fish.

· Instead of using validated mental health questionnaires, subjects were asked to rate their mental health as good, average, or poor.
· Many of the outcomes were ordinal.  The Wilcoxon rank sum test should have been used to compare the two groups, not ANOVA or chi-square.
· Limitations of using only college age subjects.

· Original sample N = 101, sample size for tables = 95.

· Author impressed with r = .23, but r2  is only 5.3%.
· Mercury was measured using hair samples and first urine in the morning. Not clear which method(s) were used in the data analysis. 

· No mention of what mercury levels are considered toxic.

· There are 15 questions/categories regarding mental and emotional health.  The results for 10 of these are not statistically significant.  The p-values for the other 5 are .0046, .008, .018, .04, and .047.  The Bonferrroni adjustment (.05/15 = .0033) would require p < .0033 to be considered statistically significant.  With this adjustment, none of the p-values are statistically significant. 
The instructor could ask the students compare the results of this study to the results of two clinical trials where children were randomized to either mercury amalgams or resin based composite for the treatment of cavities. References for the articles are as follows. Bellinger DC, et al. Neuropsychological and renal effects of dental amalgam in children: a randomized clinical trial. JAMA, 2006:295:1775-1783 and DeRouen TA, et al. Neurobehavioral effects of dental amalgam in children: a randomized clinical trial. JAMA, 2006:295:1784-1792.

Part II
Mental health questionnaires were sent to 300 subjects who had all of their amalgams removed by a dentist in Utah.  They were asked to evaluate their mental health before and after the amalgams were removed.  Eighty-six of the three hundred patients returned the questionnaires.  These 86 patients said their mental health was improved after the amalgams were removed.  The study conclusions were, “The findings suggest that mercury poisoning from dental amalgam may play a role in the etiology of mental illness.”
Problems with this portion of the study include:
· Low (<30%) survey return rate. 70% females, mean age = 40.4.
· Why did patients have their amalgams removed?

· Subjects were asked to rate their reading comprehension rather than tested.

· Subject’s self-reported improvement could be due to recall bias, regression to the mean, or placebo effect.

· Does removing amalgams lower a person’s mercury levels?

· Can removing amalgams increase a person’s mercury levels?
Basso N, Bagarani M, Materia A, Lorani S, Lunardi P, Speranza V.  Cimetidine antacid prophylaxis of acute upper gastrointestinal bleeding in high risk patients. Am J Surg 1981; 141:339-341.

This cimetidine study is a randomized clinical trial of prophylactic cimetidine (an antihistamine drug used to treat stomach acidity and peptic ulcers), antacids, or no treatment.  This study obtained informed consent from patients classified as high risk for bleeding.  The authors clearly stated the eligibility criteria for participating in the study.
The statistical methods section was not correct.  The method section states that Student's t-test for paired values was calculated.  All the data presented were nominal (e.g. bleeding vs no bleeding) and their trial used independent groups.  The authors state, “no patient in the low risk group presented with bleeding” but the study is only of high risk patients. Also, no power calculations were given.
Other problems with the study:

· The authors stated it was single blinded but did not go into further detail.  

· The authors were not internally consistent with their numbers.  At one point they state the sample size was 135 evaluable patients but in the conclusion they say 137 were studied.  

· There were 16 patients who died during treatment but they did not identify these deaths by treatment group.  

· The demographics of the groups, including age and gender, were not included. 

·  Some patients received drugs orally while other patients received medicine intravenously. However this difference was not accounted for in the analysis.

Rohaghan JE, et al. A statistical analysis of drainage versus nondrainage of elective cholecystectomy. Surg, Gyn & Obst. 1986. 162:253-255.

This study is a retrospective review to evaluate the effect of drainage versus nondrainage of the gallbladder after elective cholecystectomy. The charts of patients undergoing elective cholecystectomy between January 1, 1983 and January 1, 1984 were reviewed.  The first 100 patients receiving drainage were compared to the first 100 who did not receive drainage.  There was no sample size justification for the choice of 100 subjects in each group. The investigators used t-tests for data measured on the interval scale and chi-square tests for nominal/categorical data.  The authors do present the means but not the standard deviations so that students could not verify the calculation of the p-values for the t-tests.  The authors do not mention that they used Yates correction factor when calculating the chi-square values, thereby confusing some students when they tried to verify the results.  For many of the complications (e.g. 1% versus 2%) the expected values were substantially less than 5, and Fisher’s exact test should have been employed. Given that the data are not from a randomized clinical trial, the authors should discuss potential biases that could have been present when the physicians decided whether to use drainage procedures. 


Other problems with the study:

· The health of the subjects or presence of co-morbid conditions was not stated.

·  On page 253, they state that the number of patients with an operative cholangiogram was 289 (perhaps should be189), but there were only 200 subjects in the study.

· On page 254 atelectasis was the most common complication N = 6, later urinary tract infection was second most N = 8.
· Two different types of drains were used – infection rates should be reported for each type.

Savassi-Rocha PR, et al. Evaluation of the routine use of the nasogastric tube in digestive operation by a prospective controlled study. Surg, Gyn & Obst 1992. 174:317-320.
This is a randomized clinical trial to evaluate the effect of tube decompression of the stomach after elective surgical procedure on the digestive tract.  109 patients were randomly assigned to treatment with (N =57) or without (N = 52) nasogastric tubes. No sample size justification was given.  Means were given for interval scale data but no standard deviations were presented. The only statistical method mentioned in the paper is the chi-square test with Yates correction. Table #3 lists the results of the 3 main study outcomes: hospital stay (days), necessity of tube reinsertion, and time to peroral intake (days).  The correct analysis for hospital stay or time to peroral intake is a t-test if the data are normally distributed, or a Wilcoxon rank sum test if not normally distributed.  The comparison between the 2 groups for tube reinsertion makes no sense, as one of the groups never had a tube in place. 

Other problems with the study:

· Not stated how pneumonia, nausea, and sour stomach were measured.

· Authors note that the age and sex were the same in the two groups but details not reported.

· Table #1 lists the types of operation in each of the groups but there are differences between the groups.

· The study is not blinded as it is obvious one group does not have a tube.

· The type of anesthesia used during the operation could affect the results.

· The study assignment was not random but determined by the day of the week.

Emerman CL, et al. A prospective study of femoral versus subclavian vein catheterization during cardiac arrest. Ann Emerg Med. Jan 1990:19:1: 26-30.
This is a prospective study of femoral vein catheterization versus subclavian catheterization during cardiac arrest. The data were analyzed using t-tests or chi-square tests.  

Problems with the study:
· No definition of obese.

· No description of the difference between failure and malposition.

· Physicians were more familiar with the subclavian technique than with femoral placement.

· The text states that there are more patients in the subclavian group but table #1 states the reverse.

· In table #3, one patient is missing.

· In the discussion the authors comment on peripheral catheterization but present no data on this in the paper.

· The femoral group consists of 85% females while only 53% for the subclavian group (p < .01). The authors don’t take this difference into account in their analysis.

· Eight patients were not evaluated.

· The mean number of attempts were compared between two subgroups. The mean number of attempts for one of the groups was 1.6 with standard deviation of 0.6, and the mean of the second group was 2.6 with standard deviation of 1.3.  Given that the number of attempts cannot be less than one, the data are not normally distributed.  A Wilcoxon rank sum test should have been employed rather than a t-test.

Shilling JS, Jones CA. Retinal branch vein occlusion: A study of argon laser photocoagulation in the treatment of macular oedema. Brit J Ophthal 1984; 68:196-198.
This is a randomized clinical trial of argon laser photocoagulation for the treatment of macular oedema.  Patients were randomized to receive laser photocoagulation or standard of care.  The method of randomization was not described.  There were two distinct groups of patients in the study.  The first group were patients who presented within three months of branch vein occlusion.   The second group were patients who had been followed for more than a year after presenting with the condition.  Patients had to have 6/18 vision or worse to be entered into the study.  The chi-square test was used for all analyses.  The authors conclude that treatment did not significantly improve patient’s prognosis. Much of the data is ordinal (better, same, or worse) and the Wilcoxon rank sum test should have been employed, not a chi-square test.  The p-value for the Wilcoxon test is close to statistically significant.  A table reporting macular oedema improvement (which is not defined) does not give a p-value.  However, when calculated, the p-value for a chi-square test on this table is < 0.05. 
Other problems with the study:

· The numbers in the text do not match the numbers in the tables.

· The patients in the treatment group were seen every 6 weeks versus every 3 months for the controls.

· No sample size justification was given.

· The age and sex distributions for the two groups are not reported.

· There are a large number of patients lost-to-follow-up.

· The study does not state whether the raters were blinded to treatment.

Brodribb AJM, Humphreys D. Diverticular disease: Three studies Part I – Relation to other disorders and fibre intake. Brit Med J 1976;1:424-425 and Brodribb AJM, Humphreys D. Diverticular disease: Three studies Part II –Treatment with bran. Brit Med J 1976;1:425-428.
Part I

40 patients with diverticular disease were compared to 80 age and sex matched (2 per patient) controls.  For the controls, “They took the first people they could find of the right age and sex.” The controls consisted of orthopaedic patients, geriatric patients, and it is not clear who the remainder were.  The patients were seen over a 12 month interval at the hospital where their co-morbid conditions were determined by trained hospital personnel. However, the controls were only questioned about their pre-existing conditions. Dieticians evaluated the daily fibre intake through a one-time questionnaire and discussion with the subjects.  “Except when otherwise indicated, the significance of the difference (between the 2 groups) was assessed by non-parametric statistical methods.
Problems with the study:

· The haphazard selection of the control group.
· The controls were not evaluated for their co-morbid conditions.
· Retrospective collection of dietary information.
· Chi-square test was used to compare 2/40 vs 1/80 instead of Fisher’s exact test.

· Means but no standard deviations are reported.

· Used “z-tests” but no further description of statistical tests employed.

· No attempt to employ the matching in analysis.

Part II

“40 patients with diverticular disease were treated with wheat bran 24 g/day for a least 6 months.”

Problems with the study:

· No control group.

· Means but no standard deviations are reported.

· Used “z-tests” but no further description of statistical tests employed.

· Not clear if a paired analysis was employed.

I hope that these outlines and articles will be useful in your presentation of critical appraisal to undergraduates, medical students, or medical residents and that you will feel welcome to use the criteria and the references cited.
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