Critical appraisal of scientific articles. 
Finding biases (systematic errors) in studies
Introduction
	A good clinician is one that is permanently well informed. She/he reads the medical literature with a critical eye. 

The researchers must be critical also with the medical literature while doing the documentation part for their studies.

To make mistakes is human, but for mixing up things badly there is need of a computer (Farmers' Almanac, 1978). 

Any study may contain errors. Studies which contain errors are very frequent. 

If you have a question you must search for materials (information sources) in order to find the answers. After finding the studies which answer your question (Relevant studies in the field of the question), you must evaluate them and establish if they are clinically important. If the study is clinically important the next step is to check if it is valid (correct). Only then one may use the information provided by that study alongside with the personal experience and with the patient’s values. 


Types of errors:

There are many types of errors: random errors, systematic errors (bias). The most serious errors are the ones that make the study unusable (errors which make it invalid- systematic errors). If they ocour than we cant do anything to correct them after the data collection.
There are also confounding errors. These errors can sometimes be corrected before the data collection or during the analysis phase of the study.
A description of these errors is below.
Random errors:

There might be a chance that the subjects we are studying on are different than the population on which we wanted to study on (Target population). In this case, the results of the study may be a great distance from the real results. By chance, the results obtained may be smaller or greater than the real result. The errors given by chance are called random errors.
The errors given by chance may be quantified using confidence intervals!
The confidence interval tells us that in the studied population for which the sample is representative, the parameter (result) we are looking for is in between the confidence interval’s bounds with a 95% probability.

The confidence interval offers the precision of the result.  If the interval is wider, then the result of the study is more imprecise. If the interval is narrower, then the result is more precise. The confidence interval is inversely proportional to the size of the sample. If the sample is bigger, then the interval is narrower, and vice versa.

There are errors which render the result of the study constantly (systematically) further from the real result on a certain direction. (eg. A study which evaluates how high is the blood pressure of a group of subjects, measurement done with a tonometer set down with 10 mmHg. This will take the results systematically far away from the truth, underestimating the blood pressure. )

Systematic errors (bias):

The errors which take us further from the truth in the same manner (not randomly) are called systematic errors (bias).
The systematic errors are due to the researcher’s lack of judgment or omission 

A study which has systematic errors is invalid. A study with systematic errors is incorrect; it deceives and can’t be used or relied on.

The validity of a study is established through the exclusion of the systematic errors.
Selection bias:

Systematic errors may occur when the selection of subjects is being made. (selection systematic errors). Thus, the subjects chosen may not be representative for the target population. (eg. In a study of the blood pressure, in the target population of Cluj contains young people from 3 of the most popular clubs. Obviously, the average blood pressure of those subjects will be different than the one of the whole Cluj population. )

In the comparative studies the compared groups may be systematically different.(eg. In a study evaluating the effect of a cholesterol treatment for the subjects suffering from high cholesterol, the levels of the cholesterol at the end of the study are being compared. One group received a drug, the other received placebo. The medic who administered placebo also recommended the patients he treated to go for a low fat, low calorie diet. In this case, the placebo group cannot be compared to the other one. The difference between the groups was supposed to consist only of the treatment, but they also differed in the diet which is known to reduce the cholesterol level.)
Observation bias:

Systematic errors may occur when the results of the study are observed  (observational / informational systematic errors). The measurement equipment may be defect (see eg. with the tonometer badly calibrated).  The subjects may offer the investigators wrong information.( eg.1 regarding undesirable social behavior- alcohol, drugs consumption, promiscuity- the subjects often lie by underestimating or denying the behavior. Eg.2 in case-control studies the ill patients have the tendency to recall much better different types of exposure, even of scarce importance compared to the ill patients who were not preoccupied by this fact ). The investigators may wrongly observe ( eg. in case-control study, they may ask more questions and more insistent the ill subjects about previous exposures to some risk factors or may even suggest the case a certain exposure , which they will not suggest to the control subjects ). 
Confounding:

A confounder is a factor (variable) that is linked (corelates) to the outcome and also to an independent factor. We might think that the confounder is causal to the outcome and that is false (e.g. we can find a relationship between drinking coffee and lung cancer. In fact drinking coffee is corelated with smoking, and smoking is the cause of lung cancer). 

These errors can sometimes be corrected before the data collection or during the analysis phase of the study if the confounders are known. Before data collection we can use strict inclusion criteria to avoid confounding. During the analysis phase we can stratify the study and analyse it on each cathegory of the confounder variable or we can use a multivariate analysis to adjust for the effect of the confounding variable. If the confounders are not known randomisation can help.
Today’s activity will help you evaluate critically the articles you read according to their validity and precision.


Aim of this practical session:: 

· Acquiring abilities to appreciate critically the studies (articles) you will read.
Utility: 
· Critical appraisal of scientific articles you will read in order to create the documentation part of your diploma thesis, other research, etc.
· Critical appraisal of scientific articles (identifying errors and understanding precision of the results) you will read and use as clinicians.
Indications
	To evaluate the presence of selection systematic errors the situation of the study group must be evaluated so that it may not differ from that of the population or there must be evaluated if the compared groups are not incomparable.

              The real situation for the population (see table 1). Assuming we know the right situation from reality, the population will have the following contingency table: ( a- the total number of sick persons who were exposed to the prognostic factor, …)
Table no. 1 The real situation for the illness presence and the exposure status of the population
Diseased
Healthy
Exposed
a

b

Nonexposed
c

d

The study situation (see table no. 2). In the study, some groups are selected and compared. The probability to select the subjects in a study may not be proportional for the compared groups. The subjects’ proportion who reaches the study may be different for different groups. While computing indicators, the proportions may not be simplified and may forge the indicators. 

PSA - proportion of subjects who were selected as  ill and exposed in the study (a) 

PSB - proportion of subjects who were selected as  healthy and exposed in the study (b)

PSC - proportion of subjects who were selected as  ill and non-exposed in the study (c)

PSD - proportion of subjects who were selected as healthy and non-exposed in the study (d)
Tabel nr. 2 the situation of the illnes proportion and the exposure status in the studied sample
Diseased
Healthy
Exposed
PSA * a

PSB * b

Nonexposed
PSC * c

PSD * d

Systematic errors presence interpretation according to selections proportions in a study:

If PSA=PSB=PSC=PSD – the study doesn’t present systematic errors (simplification in calculus). Eg for odds ratio  (OR) OR=a * d / c * b in the population. In the study it will be OR=a * PSA * d * PSD / c *PSC * b * PSB = a * d / c * b = OR in the population. It is the same for the relative risk (RR=(a/(a+b)) / (c/(c+d)) ).

If PSA=PSC and PSD=PSB, but PSA is different from PSB – the study doesn’t present systematic errors (simplification in calculus). 

If PSA=PSC and PSD is different from PSB – the study  presents systematic errors, because of the irregular distribution in the selection proportion the result of the study is altered (impossible simplification in calculus)
Checking for the presence of observational systematic errors  is possible by observing if  the exposure or the illness diagnosis (illness observation) was done incorrectly or in different way between the compared groups. 

The real situation in the population. Assuming that we know exactly the real situation of the population we take into consideration the contingency table above (see table 1). 
The study situation (see table  3) In the study, the exposure may be observed or not , and the illness may be or not diagnosed. The probability to observe or not the exposure or illness may not be proportional for the compared groups.  Then the proportion of the correct observations may differ for the groups. While computing indicators, the proportions may not be simplified and may forge the indicators. 

POA - proportion of subjects who were selected as  ill and exposed in the study (a) 

POB - proportion of subjects who were selected as  healthy and exposed in the study (b)

POC - proportion of subjects who were selected as  ill and non-exposed in the study (c)

POD - proportion of subjects who were selected as healthy and non-exposed in the study (d)
Tabel nr. 3 the situation of the illnes presence and the exposure status in the studied sample
Diseased
Healthy
Exposed
POA * a

POB * b

Nonexposed
POC * c

POD * d

Systematic errors presence interpretation according to observation proportions in a study is similar to the one for  selection systematic errors .

Systematic errors  are NOT mutually exclusive, this means that one study may contain more selection and observation errors.


Selection systematic errors 
Study on representative samples

Scenario:
One of your colleagues wishes to conduct a research. He wants to analyze the hypercholesterolemia prevalence at young men. Due to the fact that his uncle is a general in the army, the thought of asking for his help has occurred. Thus he wants to conduct the study on young military men and he asks for your opinion regarding the idea. 
You recall that the army enrollment requires several medical tests to be passed. Only the healthy ones are recruited. 
Requirements:

        Validity  evaluation: 
· Evaluation of the  selection systematic errors presence

· Compared to the real numbers, how do you think that the prevalence of the hyper cholesterolemics will change in the studied sample? (decrease, remain the same , increase) : 
· Motivate the answers to the previous question: 
· Is the study valid? (yes/ no):
Case control studies
Scenario no. 1:

        
You just read an article presenting a case-control data type collection.

It evaluates the effect of smoking on chronic  obstructive bronho-pneumopaty (for more information). 

The case group was made by selecting subjects with chronic  obstructive bronho-pneumopaty hospitalized in the internal medicine ward. The control group was created by selecting persons from the pulmonology ward. While looking through the group description section, you observed that the control group was made of  mostly asthmatic people. Among your colleagues there is one with asthma and you noticed he avoids going to clubs or places which have a lot of smoke.

Odds ratio found in the study was  4.8 (95% CI 1,2-17,2).
Requirements:

        Validity  evaluation: 
· Evaluation of the  observation sistematic errors presence
· In your opinion, how does PSB change (rather high /low /stays the same) ?

· In your opinion, how does PSD change (rather high /low /stays the same) ?

· Motivate the answers to the previous questions: 
· In your opinion, how will OR in the study be different from the real OR (lower /stay the same/ larger) ?

· Is the study valid? (yes/ no)
 Precision evaluation:

•
How is the odds ratio precision for this study (rather precise/less precise)? :
•
In your opinion, according to the 95% confidence interval presented in the study, how is the size of the groups? (rather small/ large)
Scenario no. 2:


You just read an article presenting a case-control data type collection.

The study tried to assess the relationship between smoking and acute myocardial infarction. 

The case group was made by selecting subjects with acute myocardial infarction hospitalized in the cardiology section. The control group was created by selecting similar persons, but without acute myocardial infarction. The persons in the case sample were asked if they smoked or not only after a week from the occurrence of the incident. 

You recall that the persons with acute myocardial infarction have a great risk of dying in the next 48 hours after it took place and a high risk in the first week after the event. You ask yourself if there is a part of the case group who will not survive after a week in order to be asked if they smoked or not. These persons who dye precocious could be smokers.

Odds ratio found in the study was  5,1 (95% CI 4,2-6,3).
Requirements:

        Validity  evaluation: 
· Evaluation of the  selection systematic errors presence

· In your opinion, how does POA change (rather high /low /stays the same) ?

· Motivate the answers to the previous questions: 
· In your opinion, how will OR in the study be different from the real OR (lower /stay the same/ larger) ?

· Is the study valid? (yes/ no) : 
Precision evaluation:

•
How is the odds ratio precision for this study (rather precise/less precise)? :
•
In your opinion, according to the 95% confidence interval presented in the study, how is the size of the groups? (rather small/ large)

Randomized controlled trial
Scenario:
You just read an article, a double blind randomized controlled trial.

It evaluated the efficiency of a chimioterapic treatment in improving the survival at 5 years for the patients with hepatic cancer. The chimioterapic treatment was compared to a placebo. 
The chimioterapic treatment was also known for severe side effects, especially for the ones with an advanced sickness(nausea, vomiting, headache, malaise, fatigue ). Severely ill people are known to die quickly. The persons who give up the research are no longer observed and their time of death is not recorded.

The chimioterapic treatment was administered to 238 patients and placebo to 203 patients. Over the time of the research 82 patients who received chimioterapic and 14 treated with placebo withdrawn  from the study.
The contingency table regarding this study is presented at table no. 4.
Table no. 4  The situation of 5 year survival for the patients who received chimioterapic ant the ones who received placebo
	
	Survive at 5 years
	DO NOT survive at 5 years

	Chimioterapic
	PSA * a
	PSB * b

	Placebo
	PSC * c
	PSD * d


Requirements:

        Validity  evaluation: 
· Evaluation of the  selection systematic errors presence

· In your opinion, how does PSB change (rather high /low /stays the same) ?

· Motivate the answers to the previous question: 
· In your opinion, how will RR in the study be different from the real RR (lower /stay the same/ larger) ?

· Is the study valid? (yes/ no): 
Observation systematic errors 

Case control studies
Scenario no. 1:

You just read an article presenting a case-control data collection type.

It considers the association between the breast cancer and the family history concerning  breast cancer.

The case group was made by selecting women with breast cancer. The control group was made by selecting healthy women. Patients from both groups were asked if they can remember a breast cancer case in their family.

It is commonly known that ill people have the tendency to over search and explain their illness. This is why it is so frequent that they remember well details from their past,  a fact that in a similar situation, the healthy people do not recall certain exposures.
Requirements:

        Validity  evaluation: 

· Evaluation of the  observation systematic errors presence

· In your opinion, how does POA change (rather high /low /stays the same) ?

· In your opinion, how does POB change (rather high /low /stays the same) ?

· Motivate the answers for the previous questions: 

· In your opinion, how will the OR in the study be different from the real OR (lower /stay the same/ larger) ?
· Is the study valid? (yes/ no): 
Scenario no.  2:
A study was conducted. It considers the association between listeriosis (for more information) and the consumption of  cheese. 

The case group was created by selecting persons who suffered from listeriosis. The control group was made out of healthy people. Both groups of people were asked if they recall eating cheese and other sorts of food. The researcher who  interviewed the persons knew of the possible association between listeriosis and the consumption of  cheese.  He was not trained in taking interviews. This is why insisted with questions about cheese eating for the subjects with listeriosis, and didn’t do the same for the control group. Also some subjects at this insistance trying to „help” the researcher were saying they ate cheese even if in reality they didn’t do that.
Requirements:

Validity  evaluation:
· Evaluation of the  observation systematic errors presence 

· In your opinion, how does POA change (rather high /low /stays the same) ?

· Motivate the answers to the previous question: 
· In your opinion, how will OR in the study be different from the real OR (diminish /stay the same/ enlarge) ?
· Is the study valid? (yes/ no): 
Cohort studies (exposed-nonexposed)

Scenario:

You just read an article. 
The link between laringian cancer and alchool family history was studied. 
The exposed group was created by choosing the subjects who drank alcohol for sure. The non-exposed group was created by selecting the subjects who denied the consumption of alcohol. 
From the history checks you did, you observed that patients hardly offer reliable information about their alcohol consumption. Usually patients lie or underestimate the alcohol consumption.
Requirements:

Validity  evaluation:
· Evaluation of the  observation systematic errors presence 

· How do you think that the exposed and nonexposed subjects will be classified? : 
· In your opinion, how will RR in the study be different from the real RR (diminish /stay the same/ enlarge) ?
· Is the study valid? (yes/ no): 
Example of confounders:
Scenario:
You read an article about a study that used an exposed-unexposed data collection method.
The authors studied an association between breastfeeding (versus bottle feeding) and the reduced occurance of gastroenteritis (for more information) in children. Their results showed that the frequency of gastroenteritis in the breast-fed group was lower than in the bottle-fed group (p = 0.04). The authors concluded that breastfeeding was a protective factor against gastroenteritis in children.
You recently read another study that showed that mothers who breastfed were more likely to be wealthy, well-educated and with better hygiene habits. Poor hygiene is a factor known to be linked to frequent episodes of gastroenteritis.

Requirements:
Evaluation of a confounding effect:
· Is there an association between breastfeeding and the presence of gastroenteritis? yes / no
· Is breastfeeding a confounder? yes / no
· Is hygiene a confounder? yes / no
Activity conclusions: Today’s activity helps you to 
•
Appreciate critically studies (articles) which you will read while doing the documentation part for the diploma thesis or for other scientific  papers.

•
Critical appraisal of scientific articles (identifying errors and understanding precision of the results) you will read and use as clinicians.
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