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2. Abstract

• Abstract: In research studies that compare a 
treatment group and a control group, you need 
to assess whether the comparison is a fair 
comparison—an apples to apples comparison. 
Randomization is a simple method that insures 
that patients assigned to the treatment group are 
comparable to patients assigned to the control 
group. There are, however, practical and ethical 
constraints that can sometimes prevent the use 
of randomization. 

3. Objectives

In this class you will learn how to:
• describe how covariate imbalance can 

threaten the validity of a research study,
• explain how randomization prevents 

covariate imbalance, and
• understand the practical and ethical 

limitations to randomized studies.

4. Sources

Part of the material for this webinar comes from:
– Simon SD. Statistical Evidence in Medical Trials, 

What Do the Data Really Tell Us? 2006. Oxford 
University Press: Oxford, England.

– Simon SD. Is the randomized clinical trial the gold 
standard of research?. J Androl. 2001 Nov-
Dec;22(6):938-43.

– Stats #32a: Statistical Evidence: Apples or Oranges? 
Randomized studies.

• http://www.childrens-mercy.org/stats/training/hand32a.asp

5. Pop quiz #1

When the demographic profile of the 
patients in your treatment group differ 
sharply from the profile of patients in 
your control group, you have:

1. covariate imbalance,
2. observational data,
3. response bias,
4. spectrum bias,
5. stratified data,
6. don’t know/not sure

6. Pop quiz #2

Randomization is not practical:
1. when doctors believe that the new treatment is superior to 

the current standard
2. when patients have a strong preference for a particular 

treatment
3. when the experiment requires deliberate exposure of 

patients to something that is known to be harmful
4. randomization is impractical for all of the above situations
5. randomization can be applied easily in all of the above 

situations
6. don’t know/not sure

http://www.facebook.com/pmean
http://www.linkedin.com/in/pmean
http://www.pmean.com
http://www.pmean.com/news
http://www.pmean.com/webinars/20121003
http://www.childrens-mercy.org/stats/training/hand32a.asp
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7. Pop quiz #3

The following approaches are credible alternatives 
to randomization:

1. alternating between treatment and control
2. assigning all new patients to the treatment group and 

choosing controls from a medical database
3. assigning treatment group on the basis of the last digit of 

your birthday
4. letting the doctor choose whether a patient gets into the 

treatment group or the control group
5. none of these approaches is as effective as randomization
6. don’t know/not sure

8. Covariate imbalance

Almost all research involves comparison. Do 
women who take Tamoxifen have a lower 
rate of breast cancer recurrence than 
women who take a placebo? Do left-
handed people die at an earlier age than 
right-handed people? Are men with severe 
vertex balding more likely to develop heart 
disease than men with no balding?

9. Covariate imbalance

When you make a comparison between a 
treatment group and a control group, you 
want a fair comparison. You want the 
control group to be identical to the 
treatment group in all respects, except for 
the treatment in question. You want an 
apples-to-apples comparison.

10. Covariate imbalance

Sometimes, however, you get an unfair 
comparison, an apples-to-oranges 
comparison. The control group differs on 
some important characteristics that might 
influence the outcome measure. This is 
known as covariate imbalance. Covariate 
imbalance is not an insurmountable 
problem, but it does make a study less 
authoritative.

11. Covariate imbalance

Women who take oral contraceptives appear 
to have a higher risk of cervical cancer. 
But covariate imbalance might be 
producing an artificial rise in cancer rates 
for this group. Women who take oral 
contraceptives behave, as a group, 
differently than other women. 

12. Covariate imbalance

For example, women who take oral contraceptives 
have a larger number of pap smears. This is 
probably because these women visit their 
doctors more regularly in order to get their 
prescriptions refilled and therefore have more 
opportunities to be offered a pap smear. This 
difference could lead to an increase in the 
number of detected cancer cases. Perhaps the 
other women have just as much cancer, but it is 
more likely to remain undetected.
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13. Covariate imbalance
• There are many other variables that influence 

the development of cervical cancer: age of first 
intercourse, number of sexual partners, use of 
condoms, and smoking habits. If women who 
take oral contraceptives differ in any of these 
lifestyle factors, then that might also produce a 
difference in cervical cancer rates.

• The possibility that oral contraceptives causes 
an increase in the risk of cervical cancer is quite 
complex; a good summary of all the issues 
involved is available at: 
– www.jhuccp.org/pr/a9/a9chap5.shtml.

14. Randomization

One way to avoid most of the problems with 
imbalanced covariates is to use randomization.  
Randomization is the assignment of treatment 
groups through the use of a random device, like 
the flip of a coin or the roll of a die, or numbers 
randomly generated by a computer. 
Randomization is not always possible, practical, 
or ethical. But when you can use randomization, 
it greatly adds to the credibility of the research 
study.

15. Randomization

In a randomized study, the researchers have a 
high degree of control over the patients. They 
decide who gets what. This is a hallmark of a 
randomized design and it only can occur when 
the patients and/or their doctors have no say in 
the assignment. This is an incredible gift that 
patients in a research study offer you. They 
sacrifice their ability to choose between two 
therapies and instead let that choice be decided 
by the flip of a coin.

16. Randomization

Randomization helps ensure that both 
measurable and immeasurable factors are 
balanced out across both the standard and 
the new therapy, assuring a fair 
comparison. Used correctly, it also 
guarantees that no conscious or 
subconscious efforts were used to allocate 
subjects in a biased way.

17. Randomization
Randomization relies on the law of large numbers. 

With small sample sizes, covariate imbalance 
may still sneak in. A study examining the 
probability of covariate imbalance (Hsu 1989) 
showed that total sample sizes less than 10 
could have a 50% chance or higher of having a 
categorical covariate with levels twice as large in 
one group than the other. This study also 
showed that total sample sizes of 40 or greater 
would have very little chance of such a serious 
imbalance.

18. A fishy story about 
randomization

Study of fish exposed to various levels of a chemical

http://www.jhuccp.org/pr/a9/a9chap5.shtml
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19. A fishy story about 
randomization

The researchers caught the first 20 fish and put them in the 
first tank,...

20. A fishy story about 
randomization

then put the next 20 fish in a second tank,…

21. A fishy story about 
randomization

the next 20 in the third tank,…

22. A fishy story about 
randomization

the next 20 in the fourth tank,…

23. A fishy story about 
randomization

and the last twenty in the fifth tank.

24. A fishy story about 
randomization

When they were done, they found that mortality was related 
not to the chemical concentration but to the order in 
which the tanks were filled.
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25. Concealed allocation
Another important aspect of randomization is 

concealed allocation, which is withholding the 
randomization list from those involved with 
recruiting subjects. This concealment occurs 
until after subjects agree to participate and the 
recruiter determines that the patient is eligible 
for the study. Only then is a sealed envelope 
opened that reveals the treatment status. 
Concealed allocation can also be done through 
a special phone number that the doctor calls to 
discover the treatment status.

26. Concealed allocation

If the randomization list is not concealed, doctors 
have the ability to consciously or unconsciously 
influence the composition of the groups. They 
can do this by applying exclusion criteria 
differentially or by delaying entry of a certain 
healthier (or unhealthier) subject so he/she gets 
into the ‘desirable’ group. Unblinded allocation 
schemes tend, on average to overstate the 
effectiveness of the new therapy by 30–40% 
(Schulz 1996).

27. Ethical and practical constraints 
on randomization

There are many situations where 
randomization is not practical or possible. 
Sometimes patients have a strong 
preference for one particular treatment 
and would not consider the possibility of 
being randomized into a different 
treatment. Surgery is one area with strong 
patient preferences especially for newer 
approaches like laparoscopic surgery 
(Lefering 2003).

28. Ethical and practical constraints 
on randomization

Randomization is also problematic for 
interventions that are already known to be 
effective. While further research would 
help better define these advantages, you 
cannot ask half of your patients to sacrifice 
the benefits of the new intervention.

29. Ethical and practical constraints 
on randomization

Randomization also does not work when 
you are studying noxious agents, like 
second-hand cigarette smoke or noisy 
workplaces. It would be unethical to 
deliberately expose people to any of these 
agents, so we have use non-randomized 
studies of people who are unfortunate 
enough to be trapped in settings with 
noxious agents.

30. Ethical and practical constraints 
on randomization

Sometimes researchers just do not want to go to 
the effort of randomizing. If you assign the 
treatment or therapy, rather than letting the 
patients and their doctors choose, you have to 
expend a lot of energy. Is it worth the effort? It is 
usually faster and cheaper to use existing 
nonrandomized databases. You get a lot larger 
sample size for your money. Depending on the 
situation, that might be enough to 
counterbalance the advantages of 
randomization.
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31. Variations on randomization

There are three variations to randomization 
where the researchers have control over 
treatment assignment, but they use 
something other than a table of random 
numbers for the assignment. The first 
approach, minimization, is a credible and 
reasonable choice, but the other two 
approaches, alternating assignment and 
haphazard assignment, do not have much 
to recommend them.

32. Variations on randomization

An alternative, when the researchers have 
sufficient control, is to allocate the assignments 
so that at each step, the covariate imbalance is 
minimized.

So if the treatment group has a slight surplus of 
older patients and the next patient to join the 
study is also older than average, then that 
patient would be assigned to the control group 
so as to reduce the age discrepancy.

33. Variations on randomization

Another approach used in place of 
randomization is to alternate the 
assignment, so that every even patient is 
in the treatment group and every odd 
patient is in the control group. Alternating 
assignment was popular in trials before 
World War II; it was felt that researchers 
would not understand and not tolerate 
randomization (Yoshioka 1998).

34. Variations on randomization

Alternating assignment seems on the surface to be 
a good approach, but it can sometimes lead to 
trouble. This is especially true when one patient 
has a direct or indirect influence on the next 
patient. You may have seen this level of 
influence if you grow vegetables in a garden. If 
you have a row of cabbages, for example, you 
will often see a pattern of big cabbage, little 
cabbage, big cabbage, little cabbage, etc. 

35. Variations on randomization

What happens, if the cabbages are planted a bit 
too closely, is that one of the cabbages will grow 
just a bit faster at first. It will extend into the 
neighboring cabbage’s territory, stealing some of 
the nutrients and water, and thus growing even 
faster at the expense of the neighbor. If you 
assigned a fertilizer to every other cabbage, you 
would probably see an artificial difference 
because of the alternating pattern in growth 
within a row.

36. Variations on randomization
Haphazard assignment uses some arbitrary value like a 

birthdate or social security number to assign patients to 
groups. Often it is the evenness/oddness of the arbitrary 
number that determines the treatment assignment. For 
example, patients born on even-numbered dates would 
be assigned to the treatment group and those born on 
odd-numbered dates would be assigned to the control 
group. An arbitrary or haphazard number is never going 
to be as good as a purely random number. The 
haphazard assignment will always cast a shadow of 
doubt over the research study.
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37. Practice exercises

For each of the following abstracts, 
randomization was NOT used. Explain 
why it would be impractical or unethical to 
conduct a randomized experiment in each 
of these settings.

38. Conclusion

Randomization is the use of a random 
device to assign patients to a treatment 
group or control group. When the sample 
size is sufficiently large, randomization 
prevents covariate imbalance in your 
experiment. Randomization is not practical 
if patients have a strong preference for a 
particular treatment and is unethical if it 
forces some patients to endure a harmful 
exposure.

39. Repeat of pop quiz #1

When the demographic profile of the 
patients in your treatment group differ 
sharply from the profile of patients in 
your control group, you have:

1. covariate imbalance,
2. observational data,
3. response bias,
4. spectrum bias,
5. stratified data,
6. don’t know/not sure

40. Repeat of pop quiz #2

Randomization is not practical:
1. when doctors believe that the new treatment is superior to 

the current standard
2. when patients have a strong preference for a particular 

treatment
3. when the experiment requires deliberate exposure of 

patients to something that is known to be harmful
4. randomization is impractical for all of the above situations
5. randomization can be applied easily in all of the above 

situations
6. don’t know/not sure

41. Repeat of pop quiz #3

The following approaches are credible alternatives 
to randomization:

1. alternating between treatment and control
2. assigning all new patients to the treatment group and 

choosing controls from a medical database
3. assigning treatment group on the basis of the last digit of 

your birthday
4. letting the doctor choose whether a patient gets into the 

treatment group or the control group
5. none of these approaches is as effective as randomization
6. don’t know/not sure

42. It's just what the doctor 
ordered: observational studies.

• Abstract: An observational study is a study where the 
researchers do not directly intervene, but instead let the 
patients and/or their doctors choose the treatment. 
Observational studies also arise when a group is intact 
at the start of the study. There are four types of 
observational studies: cohort studies, case-control 
studies, cross-sectional studies, and historical control 
studies. While observational studies are generally 
considered to be less authoritative than randomized 
studies, with careful selection of the control subjects, 
observational studies can still provide persuasive results. 
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43. Objectives

In this class you will learn how to:
• list the four common types of 

observational studies,
• distinguish between cohort and case-

control studies, and
• explain the limitations of historical control 

studies.

44. Sources

Part of the material for this webinar comes 
from:
– Simon SD. Statistical Evidence in Medical 

Trials, What Do the Data Really Tell Us? 
2006. Oxford University Press: Oxford, 
England.

– Stats #32b: Statistical Evidence: Apples or 
Oranges? Randomized studies.

• http://www.childrens-mercy.org/stats/training/hand32b.asp

45. Pop quiz #4

Which of the following is NOT an 
observational design?

1. Case-control study
2. Cohort study
3. Cross-sectional study
4. Historical control trial
5. Randomized control trial
6. Don’t know/not sure

46. Pop quiz #5

Which type of study is best for evaluating 
rare diseases:

1. Case-control study
2. Cohort study
3. Cross-sectional study
4. Historical control trial
5. Randomized control trial
6. Don’t know/not sure

47. Pop quiz #6

The historical control design is considered a 
weak form of evidence except when:

1. the disease being studied is rare
2. the exposure is too risky to allow random 

assignment
3. the mortality/morbidity rate is close to 100%
4. there is strong evidence of covariate imbalance
5. those who don’t understand history are doomed 

to repeat it.
6. don’t know/not sure

48. Observational studies

• There are many situations where 
randomization is not ethical, practical, or 
possible. This includes setting with:
– a dangerous exposure,
– limited financial resources, 
– strong patients/physicians preferences
– groups that already exist

http://www.childrens-mercy.org/stats/training/hand32b.asp
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49. Observational studies

Observational studies are those studies 
where the researcher can’t/won’t assign 
patients to treatment/control groups. 
There are four major flavors for 
observational studies:

1. cohort studies,
2. case control studies,
3. cross-sectional studies, and
4. historical controls studies.

50. Cohort studies

In a cohort study, a group of patients has a 
certain exposure or condition. They are 
compared to a group of patients without 
that exposure or condition. Does the 
exposed cohort differ from the unexposed 
cohort on an outcome of interest?

51. Cohort studies

Example: In a study of suicide among Swedish 
men in the Swedish military service conscription 
register (Gunnell 2005), 987,308 men registered 
between 1968 and 1994 were divided into nine 
groups on the basis of four intelligence tests. 
These men were also linked to a Swedish cause 
of death register which identified a total of 2,811 
suicides among these men. For each of the four 
intelligence tests, men scoring lower tended to 
have a higher rate of suicide.

52. Cohort studies

Example: In a study of psychotic symptoms 
in young people, a sample of young adults 
aged 14–24 years were divided into a 
group of 320 with admitted use of 
cannabis and a group of 2,117 did not 
admit to cannabis use. Both groups were 
followed four years later for psychotic 
symptoms.

53. Cohort studies

Cohort studies are intuitively appealing and 
selection of a control group is usually not 
too difficult. You have to be wary of 
covariate imbalance, but do not worry 
about every possible covariate imbalance. 
You should look for large imbalances, 
especially for covariates which are closely 
related to the outcome variable.

54. Cohort study

When you are studying a very rare outcome, 
the sample size may have to be extremely 
large. As a rough rule of thumb, you need 
to observe 25–50 outcomes in each group 
in order to have a reasonable level of 
precision. So when a condition occurs only 
once in every thousand patients, a cohort 
study would require tens of thousands of 
patients.
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55. Cohort study

You want to avoid ‘leaky groups’ in a cohort 
design. If the exposure group includes some 
unexposed patients and the control group 
includes some exposed patients, then any effect 
you are trying to detect will be diluted.

Examples:
– Equating caffeine consumption with coffee drinking.
– Measuring dietary consumption of individuals through 

family shopping data.

56. Case-control study

A case-control study selects patients on the 
basis of an outcome, such as development 
of breast cancer, and are compared to a 
group of patients without that outcome. 

57. Case-control study

Example: In a study of asthma deaths 
(Anderson 2005), researchers selected 
532 patients who died between 1994 and 
1998 with asthma mentioned in part I of 
the death certificate. For each asthma 
death, a similar asthma admission (without 
death) was identified at the same hospital, 
with a similar admission date and a similar 
age..

58. Case-control study

Example: In a study of vascular dementia (Chan Carusone 
2004), researchers selected 28 patients with vascular 
dementia who were enrolled in the Geriatric Clinic at 
Henderson Hospital in Hamilton, Ontario, between July 
1999 and October 2001. They also selected controls 
from a list of all caregivers at that clinic, regardless of the 
diagnosis of their spouse or family member, as long as 
the caregiver did not have any signs of dementia or 
stroke. Caregivers were matched by age (within 5 years) 
and sex. The researchers tested both cases and controls 
for Chalamydia. 

59. Case-control study

A case-control study is very efficient in 
studying rare diseases. With this design, 
you round up all of the limited number of 
cases of the disease and then find a 
comparable control group. By contrast, a 
cohort design has to round up far more 
exposures to ensure that a handful of 
them will develop the rare disease.

60. Case-control study

The case-control study is always 
retrospective because the outcome in 
a case-control study has already 
occurred. Retrospective studies 
usually have more problems with data 
quality because our memory is not 
always perfect. What is worse is that 
sometimes the ability to remember is 
sharply influenced by the outcome 
being studied.
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61. Case-control study

In a case-control study, it is often very hard 
to find a good control group. You want to 
find controls that are identical to the cases 
in all aspects except for the outcome itself. 
What does it mean to be exactly like a 
lung cancer patient, except for the lung 
cancer?

62. Case-control study

Finally, the case-control design just does not 
sit well with your intuition. You are trying to 
find factors that cause an outcome, so you 
are sampling from the causes while a 
cohort design samples from the effects. 
Don’t let this bother you too much, though. 
The mathematics that justify the case-
control design were developed half a 
century ago (Cornfield 1951).

63. Case-control design

The careful use of the case-control design 
has helped answer important clinical 
questions which could not have been 
answered by other research designs. 
Case-control designs, for example, 
established the use of aspirin as a cause 
of Reye’s syndrome (Monto 1999). It is 
hard to imagine how a randomized trial for 
Reye’s syndrome could have been done.

64. Cross-sectional design

In contrast to the cohort and the case-
control design, the cross-sectional study 
select on the basis of neither exposure nor 
outcome. With the cross-sectional design, 
you select a single group of patients and 
simultaneously assess both their exposure 
variables and their outcome variables. 
Typically, there are multiple exposures 
and multiple outcomes in a cross-sectional 
study.

65. Cross-sectional study
Example: In a study of intimate partner violence (Malcoe 

2004), 312 Native American women attending a tribally 
operated clinic filled out a survey form. The survey 
included a modified Conflict Tactics Scale to assess 
whether the women experienced verbal or psychological 
aggression, or physical or sexual assault. The survey 
also asked about educational attainment, employment 
status, receipt of food stamps, and other questions to 
help determine their socioeconomic status. Since both 
the outcome (intimate partner violence) and the 
exposure (socioeconomic status) were determined at the 
same time, this represents a cross-sectional survey.

66. Cross-sectional study
Example: In a study of respiratory problems (Salo 2004), 

5,051 seventh grade students in Wuhan, China, 
completed a self-administered questionnaire.These 
students were classified according to six respiratory 
outcomes (wheezing with colds, wheezing without colds, 
bringing up phlegm with colds, bringing up phlegm 
without colds, coughing with colds, coughing without 
colds) and two exposure variables (coal burning for 
cooking and cleaning, and smoking in the home). 
Students were not randomly assigned to an exposure; so 
this is an observational study. Both the outcome 
variables and the exposure variables were assessed at a 
single point in time, so this represents a cross-sectional 
study.
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67. Cross-sectional study

Since there is no separation in time between 
assessment of exposure and assessment 
of outcome, you often cannot determine 
which came first. This loss of temporality 
makes it difficult to infer a cause-and-
effect.

68. Cross-sectional study

A hypothetical example of patient height (Mann 
2003), describes how a cross-sectional study 
might notice a negative association between 
height and age. Could this be because people 
shrink as they age, or perhaps successive 
generations of people are taller because of the 
improvements in nutrition, or perhaps taller 
people just die earlier? With a cross-sectional 
study, you cannot easily disentangle these 
alternate explanations.

69. Cross-sectional study

Cross-sectional studies are fast as you do not 
have to wait around to see what happens to the 
patients. These studies also allow you to easily 
explore relationships between multiple exposure 
variables and/or multiple outcome variables. But 
unlike the cohort design, which is useful for rare 
exposures, or the case-control design, which is 
useful for rare outcomes, the cross-sectional 
study is only effective if both the exposure and 
the outcome are relatively common events.

70. Historical controls study

In a historical controls study, researchers 
will assign all of the research subjects to 
the new therapy. The outcomes of these 
subjects are compared to historical 
records representing the standard therapy.

71. Historical controls study
Example: In a study of the rapid parathyroid 

hormone test (Johnson 2001), 49 patients 
undergoing parathyroidectomy received the 
rapid test. These patients were compared to 55 
patients undergoing the same procedure before 
the rapid test was available. This is an 
observational study because the calendar, not 
the researchers, determined which test was 
applied. This particular observational study is a 
historical controls design because the control 
group represents patients tested before the 
availability of the rapid test.

72. Historical controls study

The very nature of a historical controls study 
guarantees that there will be a major 
covariate imbalance between the two 
groups. Thus, you have to consider any 
factors that have changed over time that 
might be related to the outcome. To what 
extent might these factors affect the 
outcome differentially? 
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73. Historical controls study

For the most part, historical controls are 
considered one of the weakest forms of 
evidence. The one exception is when a disease 
has close to 100% mortality. In that situation, 
there is no need for a concurrent control group, 
since any therapy that is remotely effective can 
readily be detected. Even in this situation, you 
want to be sure there is a biological basis for the 
treatment and that the disease group is 
homogeneous.

74. Practice exercises

• For each of the following abstracts, 
categorize the research studies as one of 
the following:
– case-control study
– cohort study
– cross-sectional study
– historical control study

75. Conclusion

Observational studies are used when 
randomization is not possible, practical, or 
ethical. Cohort designs select patients on 
the basis of their exposure. Case-control 
designs select patients on the basis of 
their outcome. Selecting appropriate 
controls in a case-control design is 
difficult, but this design is efficient when 
studying a rare disease. 

76. Conclusion
Cross-sectional studies select a single group of 

patients and classify them by multiple exposures 
and multiple outcomes. Because there is not 
always an obvious time order in the data 
collection, it is easy in a cross-sectional study to 
confuse causes and effects. Historical control 
studies provide an intervention to all new 
patients and compare them to previous medical 
records. Historical control studies always have a 
serious covariate imbalance, but are still useful 
when studying a condition that has close to 
100% morbidity/mortality.

77. Repeat of pop quiz #4

Which of the following is NOT an 
observational design?

1. Case-control study
2. Cohort study
3. Cross-sectional study
4. Historical control trial
5. Randomized control trial
6. Don’t know/not sure

78. Repeat of pop quiz #5

Which type of study is best for evaluating 
rare diseases:

1. Case-control study
2. Cohort study
3. Cross-sectional study
4. Historical control trial
5. Randomized control trial
6. Don’t know/not sure



14

79. Repeat of pop quiz #6

The historical control design is considered a 
weak form of evidence except when:

1. the disease being studied is rare
2. the exposure is too risky to allow random 

assignment
3. the mortality/morbidity rate is close to 100%
4. there is strong evidence of covariate imbalance
5. those who don’t understand history are doomed 

to repeat it.
6. don’t know/not sure

80. P-values and confidence 
intervals

• In this hour, you will learn how to:
– distinguish between statistical significance 

and clinical significance; 
– define and interpret p-values; and
– describe the advantages of confidence 

intervals.

81. Outline
1. Pop quiz 
2. Definitions 
3. What is a p-value?
4. Practice exercises 
5. What is a confidence interval?
6. More practice exercises 
7. Repeat of pop quiz
Please feel free to ask questions at anytime

82. Pop quiz #7

A research paper computes a p-value of 0.45. How 
would you interpret this p-value?
1. Strong evidence for the null hypothesis 
2. Strong evidence for the alternative hypothesis 
3. Little or no evidence for the null hypothesis 
4. Little or no evidence for the alternative hypothesis 
5. None of these answers are correct. 
6. I do not know the answer. 

83. Pop quiz #8
A research paper computes a confidence interval for a 

relative risk of 0.82 to 3.94. What does this confidence 
interval tell you. 

1. The result is statistically significant and clinically 
important. 

2. The result is not statistically significant, but is clinically 
important. 

3. The result is statistically significant, but not clinically 
important. 

4. The result is not statistically significant, and not 
clinically important. 

5. The result is ambiguous. 
6. I do not know the answer. 

84. Definitions

• Population



15

85. Definitions

• Population
• Sample

86. Definitions

• Population
• Sample
• Type I error

87. Definitions

• Population
• Sample
• Type I error
• Type II error

88. What is a p-value?

• A p-value is a measure of how much 
evidence we have against the null 
hypothesis. 

• The smaller the p-value, the more 
evidence we have against H0.

89. What is a p-value?

• Suppose that a drug company alleges that 
only 50% of all patients who take a 
certain drug will have an adverse event 
of some kind. You believe that the 
adverse event rate is much higher. In a 
sample of 12 patients, all twelve have 
an adverse event.

• P-value = 0.000244.

90. What is a p-value?

A small p-value means lots of evidence 
against the null hypothesis.

A large p-value means little or no 
evidence against the null hypothesis.

A p-value is NOT the probability that the null 
hypothesis is true.
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91. What is a p-value?

A large p-value should not automatically be 
construed as evidence in support of the null 
hypothesis. 

Instead of just the p-value, look for
1. a power calculation; and/or 
2. a confidence interval. 

Also be cautious about a small p-value.

92. Practice exercise: interpret the 
p-values shown in the abstract.

Use the PICO format.
– P = Patient population
– I = Intervention
– C = Control/Comparison group
– O = Outcome

93. What is a confidence interval?

• A confidence interval is a range of values 
that tries to quantify uncertainty 
associated with the sampling process.

• Consider it as a range of plausible 
values.

94. What is a confidence interval?

• Wide interval = poor precision
• Narrow interval = good precision
• It is unethical to conduct research if you 

know that your confidence interval will be 
so wide as to be uninformative.

95. What is a confidence interval?

• Consider a recent study of homoeopathic 
treatment of pain and swelling after oral surgery.
– P= patients undergoing oral surgery
– I=homeopathic treatment
– C=patients taking placebo.
– O=swelling after 3 days.

• Homoeopathy led to 1 mm less swelling on 
average.

• The 95% confidence interval, however, ranged 
from -5.5 to 7.5 mm.

96. What is a confidence interval?

• Look for two things:
1. Does the interval contain a value that implies 

no change or no effect?
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97. No change,… 98. No change, a positive 
change,…

99. No change, a positive change, 
and a negative change

100. What is a confidence interval?

• Look for two things:
1. Does the interval contain a value that implies 

no change or no effect?
2. Does the interval lie entirely inside the range 

of clinical indifference?

101. A true null finding,… 102. A true null and an ambiguous 
finding, …
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103. A true null, an ambiguous, and 
a true positive finding.

104. Statistical significance without 
practical significance 105. Practice exercise: interpret the 

confidence interval(s) shown in the 
abstract.

106. Repeat of pop quiz #7

A research paper computes a p-value of 0.45. How 
would you interpret this p-value?

1. Strong evidence for the null hypothesis 
2. Strong evidence for the alternative hypothesis 
3. Little or no evidence for the null hypothesis 
4. Little or no evidence for the alternative 

hypothesis 
5. More than one answer above is correct. 
6. I do not know the answer. 

107. Repeat of pop quiz #8
A research paper computes a confidence interval for a 

relative risk of 0.82 to 3.94. What does this confidence 
interval tell you. 

1. The result is statistically significant and clinically 
important. 

2. The result is not statistically significant, but is clinically 
important. 

3. The result is statistically significant, but not clinically 
important. 

4. The result is not statistically significant, and not 
clinically important. 

5. The result is ambiguous. 
6. I do not know the answer. 

108. How bad is it, really? 
Measures of risk.

• The odds ratio and the relative risk are 
both measures of risk used for binary 
outcomes, but sometimes they can differ 
markedly from one another. The relative 
risk offers a more natural interpretation, 
but certain research designs preclude its 
computation. 
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109. Objectives

In this class you will learn how to:
• compute an odds ratio and a relative risk 

from a two by two table;
• list the types of research designs where 

the relative risk should not be computed, 
and

110. Sources

Part of the material for this webinar comes from:
– Simon SD. Understanding the odds ratio and the 

relative risk. J Androl. 2001 Jul-Aug;22(4):533-6.
– Stats: Odds ratio versus relative risk (January 9, 

2001).
• http://www.childrens-mercy.org/stats/journal/oddsratio.asp

111. Very bad joke
A doctor is advising her patient about the risks of 

an upcoming surgery. She warned that the 
probability that the patient would die during 
surgery was 60%. Then she looked up an said, 
no wait, the risk is twice as big in your 
demographic group. The chances that you will 
die during surgery is actually 120%. The patient 
seemed a bit confused. I know what a 100% risk 
of mortality would be—I’m a goner. But what 
would a 120% risk of mortality be? The doctor 
replied, that is a fate worse than death.

112. Pop quiz #9

A relative risk should not be computed for 
the following design because the 
prevalence of the disease is artificially 
constrained.

1. Case-control design
2. Cohort design
3. Cross-sectional design
4. Historical control design
5. Don’t know/Not sure

113. Pop quiz #10

The odds ratio and the relative risk are close 
to one another when

1. The prevalence of the disease is low
2. The prevalence of the disease is high
3. The sample size is small
4. The sample size is large
5. Don’t know/Not sure

114. What are odds ?

If you head south from Kansas City on Highway 
71, you will encounter a town called “Peculiar”. 
This town is very proud of its name and has a 
sign which says “Welcome to Peculiar, where 
the odds are with you.”

Mathematicians and gamblers use odds frequently 
but the concept may be alien to most of the rest 
of the public. Odds is the ratio of successes to 
failures.

http://www.childrens-mercy.org/stats/journal/oddsratio.asp
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115. What are odds ?

“If there is a 50-50 chance that something will go 
wrong, then nine times out of ten it will.” (Paul 
Harvey).

In this silly example a 50-50 chance means one 
success for every failure or 1 to 1 odds. This is 
sometimes called even odds.

Nine times out of ten means one success for every 
nine failures or one to nine odds.

116. What are odds ?

To be perfectly accurate, you should specify 
whether you are talking about the odds of 
success or the odds of failure, but in most 
setting, it should be obvious from the context.

If your odds of winning the lottery are a million to 
one, that means either that:
– One million people win for every person that loses, or
– One person winds for every million that lose.

117. What are odds ?
If you know the probability of a success, you can calculate 

the odds using the formula
– Odds = prob / (1- prob).
– For example, a probability of 0.25 corresponds to an odds of 

0.25 / (1-0.25) = 0.25 / 0.75 = 1 / 3. This means that for every 
single success, there are three failures.

If you know the odds, then you can calculate the probability 
of success using the formula
– Prob = Odds / (1 + Odds).
– For example, if the odds are 3 to 1, then

prob = 3 / (1 + 3) = 3 / 4.

118. Odds ratio/relative risk

Consider the following data on survival of 
passengers on the Titanic. Clearly, a male 
passenger on the Titanic was more likely to die 
than a female passenger. But how much more 
likely? You can compute the odds ratio or the 
relative risk to answer this question.

119. Odds ratio/relative risk

The odds ratio compares the relative odds of death 
in each group.
– For females, 2 to 1 odds against dying
– For males, almost 5 to 1 in favor of death

The odds ratio is approximately 10.

120. Odds ratio/relative risk

The relative risk (sometimes called the risk ratio) 
compares the probability of death in each group 
rather than the odds.
– The females probability of death is 1/3 (2/6).
– The male probability of death is 5/6.

The relative risk of death is 2.5
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121. Odds ratio/relative risk

There is quite a difference. Both 
measurements show that men were more 
likely to die. But the odds ratio implies that 
men are much worse off than the relative 
risk. Which number is a fairer comparison?

122. Odds ratio/relative risk

There are three issues here:
1. The relative risk measures events in a way 

that is interpretable and consistent with the 
way people really think.

2. The relative risk, though, cannot always be 
computed in a research design.

3. Also, the relative risk can sometimes lead to 
ambiguous and confusing situations.

123. Repeat of Pop quiz #9

A relative risk should not be computed for 
the following design because the 
prevalence of the disease is artificially 
constrained.

1. Case-control design
2. Cohort design
3. Cross-sectional design
4. Historical control design
5. Don’t know/Not sure

124. Repeat of Pop quiz #10

The odds ratio and the relative risk are close 
to one another when

1. The prevalence of the disease is low
2. The prevalence of the disease is high
3. The sample size is small
4. The sample size is large
5. Don’t know/Not sure

125. Putting it all together: Meta-
analyses and systematic overviews

This class helps you assess the quality of a 
systematic overview or meta-analysis. In this 
class you will learn how to: recognize sources of 
heterogeneity in meta-analysis; identify and 
avoid problems with publication bias; and 
explain the ethical concerns with failure to 
publish and with duplicate publication.

This material is derived mainly from Chapter 5 of 
Statistical Evidence in Medical Trials.

126. Outline
1. Pop quiz 
2. Introduction and motivating example
3. Were apples combined with oranges? 
4. Were some apples left on the tree?
5. Repeat of pop quiz 

Note: there are also issues involving study quality 
(were all of the apples rotten?) and practical 
significance (did the pile of apples amount to 
more than just a hill of beans?) but we will not 
have time to discuss those issues today.
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127. Pop quiz #11

A funnel plot is useful for assessing
1. heterogeneity
2. publication bias
3. study quality
4. not sure/don’t know

128. Pop quiz #12

Cochran’s Q and I2 are measures of
1. heterogeneity
2. publication bias
3. study quality
4. not sure/don’t know

129. Putting it all together: Meta-
analyses and systematic overviews
• When there are multiple research studies 

evaluating a new intervention, you need 
to find a way to assess the cumulative 
evidence of these studies. You can do 
this informally, but medical researchers 
now use a formal process, known as 
meta-analysis. Meta-analysis, involves 
the quantitative pooling of data from two 
or more studies. 

130. Introduction

• More recently, another term, systematic 
overview, has come into favor. A 
systematic overview involves the careful 
review and identification of all research 
studies associated with a topic, but it may 
or may not end up pooling the results of 
these studies. So meta-analysis 
represents a subset of all the systematic 
overviews. 

131. Motivating example

• In 1992, the British Medical Journal published a 
controversial meta-analysis. This study 
(Carlsen 1992) reviewed 61 papers published 
from 1938 and 1991 and showed that there 
was a significant decrease in sperm count and 
in seminal volume over this period of time. For 
example, a linear regression model on the 
pooled data provided an estimated average 
count of 113 million per ml in 1940 and 66 
million per ml in 1990.

132. Motivating example
• Several researchers (Olsen 1995; Fisch 1996) 

noted heterogeneity in this meta-analysis, a 
mixing of apples and oranges. Studies before 
1970 were dominated by studies in the United 
States and particularly studies in New York. 
Studies after 1970 included many other 
locations including third world countries. Thus 
the early studies were US apples. The later 
studies were international oranges. There was 
also substantial variation in collection methods, 
especially in the extent to which the subjects 
adhered to a minimum abstinence period.



23

133. Motivating example

• The original meta-analysis and the 
criticisms of it highlight both the greatest 
weakness and the greatest strength of 
meta-analysis. Meta-analysis is the 
quantitative pooling of data from studies 
with sometimes small and sometimes 
large disparities. Think of it as a 
multicenter trial where each center gets 
to use its own protocol and where some 
of the centers are left out.

134. Motivating example

• On the other hand, a meta-analysis lays 
all the cards on the table. Sitting out in 
the open are all the methods for selecting 
studies, abstracting information, and 
combining the findings. Meta-analysis 
allows objective criticism of these overt 
methods and even allows replication of 
the research.

135. Motivating example

• Contrast this to an invited editorial or 
commentary that provides a subjective 
summary of a research area. Even when 
the subjective summary is done well, you 
cannot effectively replicate the findings. 
Since a subjective review is a black box, 
the only way, it seems, to repudiate a 
subjective summary is to attack the 
messenger.

136. Were apples combined with 
oranges? 

• Meta-analyses should not have too broad 
an inclusion criteria. Including too broad a 
range of studies can lead to problems 
with heterogeneity (mixing apples and 
oranges).

137. First example of heterogeneity 

• In a meta-analysis looking at antiretroviral 
combination therapy (Jordan 2002), both 
short-term and long-term outcomes were 
examined. A plot of duration of trial 
versus the log odds ratio showed that 
shorter duration trials of zidovudine had 
substantial evidence of effect (odds ratios 
much smaller than 1) but that the largest 
duration studies had little or no evidence 
of effect (odds ratios very close to 1).

138. Second example of 
heterogeneity 

• Example: In a meta-analysis looking at 
dust mite control measures to help 
asthmatic patients (Gotzsche 1998), the 
studies exhibited heterogeneity across 
several factors. 
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139. Second example of 
heterogeneity 

• Type of intervention: 
– six examined chemical interventions,
– thirteen examined physical interventions,
– four examined a combination approach.

• Research design:
– nine of these trials were crossovers,
– fourteen had a parallel control group.

• Blinding
– seven studies had no blinding,
– three studies had partial blinding,
– thirteen studies used a double blind.

140. Second example of 
heterogeneity 

• Age of patients
– nine studies the average age of the patients was 

only 9 or 10 years,
– nine other studies had an average age of 30 or 

more,
– five studies had a greater mix of ages.

• Duration
– eleven studies lasted eight weeks or less,
– five studies lasted a full year,
– seven studies had an intermediate duration

141. Possible sources of 
heterogeneity

• This list is adapted from Horwitz 1987
– Inclusion/exclusion criteria
– Geographical limitations
– Independent versus matched controls
– Dose/timing of drug administration
– Length of follow-up
– Drop-out rates
– Allowable physician discretion
– Outcome measure

142. Measuring heterogeneity

• Cochran’s Q: A value close to the number 
of studies is good, but a value much 
larger is bad.

• I2: ranges between 0% and 100%, larger 
values indicating greater heterogeneity.

• Many researchers recommend a 
qualitiative assessment of heterogeneity.

143. Forest plot

• The forest plot provides a graphical 
summary of the studies. This plot can be 
used to evaluate heterogeneity.
– Location of square represents the point 

estimate,
– Size of square represents weight associated 

with that estimate, and
– Lines drawn to upper and lower confidence 

limits.

144. Forest plot

• Look for marked departures from a 
normal random scatter:
– Most studies cluster together, but one or two 

outlying studies (but okay if outlying studies 
have small sample sizes).

– Bimodal patterns (e.g., half the studies show 
a strong effect, half show little or no effect).
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145. Forest plot example 146. Handling heterogeneity

• There are several common approaches 
for coping with heterogeneity
– Strict inclusion/exclusion criteria
– Sensitivity/subgroup analysis
– Meta-regression
– “Just say no”

147. Example of strict 
inclusion/exclusion criteria

• A meta-analysis of topical NSAIDs for musculoskelatal 
pain (Mason 2004) identified 60 target papers, but for 
12 of the papers, there was no data that could be 
extracted for a meta-analysis. An additional 23 studies 
were removed based on the following exclusion criteria:

– no studies for mouth or eye diseases;
– no studies where fewer than 10 patients were randomized to 

the treatment;
– no studies where treatment occurred less frequently than daily;
– no observational studies; and
– no unblinded studies.

148. First example of strict 
sensitivity/subgroup analysis

• In a study of extra corporeal shock wave 
therapy for plantar heel pain (Thomson 2005), 
six studies met the researchers inclusion 
criteria, but one study did not report a standard 
deviation for the outcome measure. The 
authors were forced to estimate what the 
standard deviation should be for this study. As 
a quality check, they also ran a meta-analysis 
without this study and found that a modest 
effect in favor of the therapy was no longer 
statistically significant.

149. Second example of strict 
sensitivity/subgroup analysis

• In a study of topical NSAIDs for osteoarthritis and 
tendinitis (Mason 2004), researchers identified 25 trials 
relating to efficacy or harm, including 14 placebo-
controlled trials. These studies varied substantially in

– quality scores,
– number of patients studied,
– type of outcome measure (physician determined versus self 

report) and
– condition being treated (osteoarthritis versus other 

musculoskeletal conditions).
• But when the results were tabulated separately for low 

and high quality scores, small and large studies, etc., 
there were no statistically significant differences.

150. Meta-regression
• You can use meta-regression to try to adjust for 

heterogeneity in a metaanalysis. In meta-
regression, each study becomes a data point, 
and various study characteristics, such as the 
severity of illness at baseline, the dose of the 
medication being given, etc. become 
independent variables. This is an approach that 
would work very similarly to the adjustment for 
covariates in a regression model. The result, 
meta-regression, is an area of active research 
and looks to be a promising way to handle 
heterogeneity in a more rigorous fashion.
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151. Example of meta-
regression

• In a study of diagnostic tests for endometrial 
hyperplasia (Clark 2004), researchers identified 
27 studies using miniature endometrial biopsy 
devices or ultrasonography. In some of the 
studies, verification of the diagnosis was 
delayed by more than 24 hours. Although the 
ability to discriminate between diseased and 
healthy patients was present in most studies, 
the discriminatory power, as measured by the 
diagnostic odds ratio was four times weaker 
among studies with delayed verification than 
studies with no delay.

152. “Just say no”

• If the degree of heterogeneity is too 
extreme, you should just say no and 
refuse to run a meta-analysis. You can 
still discuss the studies in a qualitative 
fashion, but do not try to compute an 
overall estimate of effect because that 
estimate would be meaningless.

153. Example of “Just say no”
• In a systematic review of beta-2 agonists for treating 

chronic obstructive pulmonary disease (Husereau 
2004), researchers identified 12 studies. But the 
authors could not pool the results because they

– “found that even commonly measured outcomes, such as 
FEV1, could not be combined by meta-analysis because of 
differences in how they were reported. For example, in the six 
trials comparing salmeterol with placebo, FEV1 was reported 
as a mean change in percent predicted, a mean change 
overall, a mean difference between trial arms, no difference 
(without data), baseline and overall FEV1 (after 24 hrs without 
medication) and as an 0 to 12 hour area-under-the-curve 
(FEV1-AUC) function. We were not successful in obtaining 
more data from study authors. We also had concerns about the 
meta-analysis of data from trials of parallel and crossover 
design and differences in spirometry protocols including 
allowable medications. Therefore, we decided on a best 
evidence synthesis approach instead.”

154. Were some apples left on the 
tree?

• Publication bias: the tendency on the 
parts of investigators, reviewers, and 
editors to submit or accept manuscripts 
for publication based on the direction or 
strength of the study findings. There is 
solid empirical evidence (e.g., Dickersin 
1990) that negative studies are less likely 
to be published.

155. Ethical concerns with failure to 
publish

• Researchers who fail to publish their research, 
however, are behaving unethically (Chalmers 1990). 
These research studies almost always use human 
volunteers. These volunteers might be participating 
because they need the money or perhaps they are 
curious about the scientific process. But many of them 
volunteer because they want to help others who have 
the same disease or condition. These volunteers 
submit themselves willingly to some level of 
inconvenience, and possibly additional pain and risk. If 
you ask these volunteers to make this sacrifice, but you 
do not publish, you have abused their good will.

156. Should unpublished studies 
be included?

• The inclusion of unpublished studies, however, 
is controversial. At least one reference (Cook 
1993), has argued that unpublished studies 
have failed to meet a basic quality screen, the 
peer review process. Including studies that 
have not been peer reviewed will lower the 
overall quality of the meta-analysis. This 
opinion, however, is in the minority, and most 
experts in meta-analysis suggest that you 
include unpublished studies if you can find 
them. Failure to include unpublished studies 
can lead to serious bias.
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157. Duplicate publication

• Duplicate publication is the flip side of the 
same coin. The data from some studies 
may appear twice (or even three times) in 
the peer-reviewed literature, without 
appropriate attribution. If you double 
count these studies accidentally, you will 
produce a biased result because 
duplicate publications are more likely to 
be positive.

158. Ethical concerns with 
duplicate publication

• Duplicate publication raises serious ethical issues:
– Violation of copyright
– Padding of resumes
– Abuse of volunteer services of referees/editors
– Taking page space away from other deserving publications.

• There are reasonable justifications for duplicate 
publication, such as translating a publication into 
English to insure a wider dissemination of the research 
findings. These exceptions, however, would always 
have an obvious citation of the original source.

159. Example of duplicate 
publication

• In 84 studies of the effect of ondansetron on 
postoperative emesis, 14 (17%) were second or even 
third time publications of the same data-set (Tramer 
1997). The duplicate studies had much larger effects 
and adding the duplicates to the originals produced an 
overestimation of treatment efficacy of 23%. Tracking 
down the duplicate publications was quite difficult. More 
than 90% of the duplicate publications did not 
crossreference the other studies. Four pairs of identical 
trials were published by completely different authors 
without any common authorship.

160. Don’t rely exclusively on 
Medline

• While a Medline search is a very effective way to 
identify published research, it should not be the only 
source of publications for a meta-analysis. There are 
many important journals which are not included in 
Medline. It is hard to get an accurate count of how 
many journals do NOT appear in Medline, but the 
numbers appear to be substantial. You might suspect 
that journals indexed by Medline are more prestigious 
and more likely to publish positive findings than other 
journals, but I am unaware of any data to substantiate 
this. Still, a search that included only Medline articles 
would be considered grossly inadequate in most 
situations.

161. Don’t rely English-language 
only publications

• Some meta-analyses restrict their attention to English 
language publications only. While this may seem like a 
convenience, in some situations, researchers might 
tend to publish in an English language journal for those 
trials which are positive, and publish in a (presumably 
less prestigious) native language journal for those trials 
which are negative (Gregoire 1995). Restrictions to 
English language only publications is especially 
troublesome for complementary and alternative 
medicine, since so much of this research appears in 
non-English language journals.

162. Using a funnel plot to detect 
publication bias

• The most common approach to evaluate 
publication bias is to use a funnel plot. The 
funnel plot displays
– the results of the individual studies (e.g. the log odds 

ratio) on the horizontal axis,
– the size of the study (or sometimes the standard 

error of the study) on the vertical axis.
• Often a reference line is drawn at the value that 

represents no effect. 
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163. Using a funnel plot to detect 
publication bias

• The rationale behind this plot
– big studies get published no matter what the result
– smaller studies are subject to publication bias

• If there is no publication bias, then the funnel 
plot should show symmetry for both small 
sample sizes and large sample sizes, though 
you should expect to see less variation as the 
sample size increases. This leads to a funnel 
shape.

164. Example of a funnel plot
• The rationale behind this plot

– big studies get published no matter what
– smaller studies are subject to publication bias

• If there is no publication bias, then the funnel 
plot should show symmetry for both small 
sample sizes and large sample sizes, though 
you should expect to see less variation as the 
sample size increases. This leads to a funnel 
shape.

• Although funnel plots are commonly used, 
there is some suggestion that they are not 
effective.

165. Funnel plot example showing 
symmetry

166. Funnel plot example showing 
possible publication bias

167. How to avoid or minimize 
problems with publication bias

1. Use several bibliographic databases, not just 
Medline.

2. Search through registries of clinical trials.
3. Hand search through specialized journals
4. Examine bibliographies of articles found on first 

pass through.
5. Examine “gray literature” (presentations, 

dissertations, etc.)
6. Send out letter to prominent leaders in the area 

asking for help.

168. Repeat of pop quiz #11

A funnel plot is useful for assessing
1. heterogeneity
2. publication bias
3. study quality
4. not sure/don’t know
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169. Repeat of pop quiz #12

Cochran’s Q and I2 are measures of
1. heterogeneity
2. publication bias
3. study quality
4. not sure/don’t know

170. Conclusion

Where do you go from here?
1. Don’t pretend that you are a professional 

statistician, no matter how well I taught this course.
2. But, you should be a much better consumer of 

Statistics.
3. You are in a better position to raise questions that 

your customers need to ask when they read a 
paper.

Sign up for The Monthly Mean, www.pmean.com/news 

http://www.pmean.com/news























