
 

 

ONLINE MATERIAL THAT ACCOMPANIES CHAPTER 9 
 

Box 1. Non-comparability that arises from the selection of exposed and unexposed groups. 

 
We show the effect of non-comparability quantitatively in Figure 5. First, we will begin with the 
true underlying causal association in the base population: that is, the effect of pesticide exposure 
on lung cancer, when the exposed and unexposed are balanced on all other causes of lung 
cancer. We provide the causal estimate in our population of Farrlandia, selecting all individuals 
who are free of lung cancer and following them for 10 years. Note that this is hypothetical; we 
never know the true underlying causal association in the population – if we did, we would not 
need to conduct a study. 
 

Box 1, Figure 1. Pesticide exposure and risk of lung cancer in a sample with comparable 
exposed and unexposed at baseline 
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The true casual association in the population of interest is that those who are exposed to 
pesticides have 1.43 times the risk of lung cancer compared to those unexposed, and we would 
expect an additional 9 cases of lung cancer for every 100 people in the population over 10 years 
of observation due to pesticide use. Examining the rate ratio, we see that the rate of lung cancer 
is 1.5 times higher in those exposed to pesticides compared with those who are not, and there is 
an excess of 10 cases per 1,000 person years of exposure associated with pesticide use. 
Examining the odds ratio, we see that those who are exposed to pesticides have 1.6 times the 
odds of lung cancer compared to those who are unexposed. The comparability between the 
exposed and unexposed can be seen given the even distribution of dots - approximately 30% in 
both groups have dots, indicating that in both groups approximately 30% are, for example, 
smokers or genetically vulnerable to lung cancer. 
 
Now, let us return to the study sample (Figure 6).  We know that the unexposed group will have a 
higher risk of developing lung cancer than the exposed would have if they had not been exposed, 
since the unexposed group has more individuals who smoke and/or have a family history of lung 
cancer.  We will again represent individuals who have underlying risks with dots. 
 
 



 

 

Box 1, Figure 2. Pesticide exposure and risk of lung cancer in a sample with non-comparability 
in exposed and unexposed at baseline 
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In the study sample we see no evidence for an increased risk of lung cancer among those 
exposed to pesticides.  Those who are exposed have 1.04 times the risk as well ass rate of lung 
cancer, and 1.03 times the odds of lung cancer compared to those who are unexposed, and we 
would expect no difference in the number of lung cancer cases over ten years between exposed 
and unexposed. Given that we know based on Figure 5 that pesticides do have a causal effect on 
lung cancer, we come to the wrong conclusion about the effect of pesticides on lung cancer risk 
in our sample.  This is because of non-comparability; the risk of lung cancer in the unexposed 
(28% in our sample, as shown in Figure 6) is higher than what the risk of lung cancer would have 
been in the exposed group if they were not exposed (20%, as shown in Figure 5).  
 
In summary, selection of exposed and unexposed groups should be carefully considered and 
monitored for the potential introduction of non-comparability based on differences in eligibility 
or participation between exposed and unexposed. Non-comparability that arises because of this 
type of a flaw in the study design is often termed selection bias, as it arises because of the 
selection of individuals into the study.  
 

 

Box 2. Loss to follow-up that differs by exposure status but not outcome status 

 
In Chapter 9, we discussed a hypothetical study of a drug education program. We conduct a 
study of the long-term effect of an illicit drug education program in high school on incident drug 
use in adulthood. Students in high schools either received the drug education program or did 
not, and these students were followed into adulthood, surveyed every two years regarding first 
use of illicit drugs. There is substantial loss to follow-up in both groups, those who received drug 
education and those who did not, and we are concerned that individuals who eventually used 
drugs were more likely to drop out than individuals who did not use drugs. By the end of the 
study, will the unexposed group be non-comparable with the exposed group?  What if this drop-



 

 

out is also related to whether or not they had drug education in high school? 
 
Suppose that in our study individuals who did not receive the drug education were more likely 
to be followed up than individuals who did receive the drug education. Perhaps study 
investigators had better tracking procedures for those who did not receive the education, or 
study participants who received education were less invested in the study results, or just by 
random chance we had different follow-up between the two groups. Would this type of unequal 
follow-up affect the comparability of exposed and unexposed participants?  Shown below in Box 
2, Figure 1 is a quantitative example in which 25% of those who received drug education 
individuals are lost to follow-up, compared with 50% of individuals who did not receive drug 
education, regardless of whether the individual used drugs (the study outcome) by the end of 
the study follow-up period.   
 

Box 2, Figure 1. Loss to follow-up by exposure status  

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 



 

 

2x2 table for study participants at Time 4 – Loss to Follow-Up by Exposure: 
 

 
 

 ( |  ) 
  

   
        

 

 ( |  ) 
  

   
        

 

            
   

   
              (         )  

 
                                           (         )  

 

           

  
  
  
  
  
   
   
   

 
      

     
              (         )  

 

 
We obtain the same point estimates (risk ratio, risk difference, and odds ratio) as we obtained in 
the population (see Chapter 9, Figure 5); when losses to follow-up are associated with exposure 
but not the outcome, there is no bias in the risk ratio, risk difference or odds ratio. Note that the 
confidence intervals change, however, because they are dependent on the sample size. Further, 
remember that we know that the losses to follow-up in this example are not associated with the 
outcome only because we know the truth in Farrlandia; without the truth, we cannot empirically 
determine whether losses to follow-up are independent of the outcome since individuals drop 
out of the study before their outcome status can be determined.  Because we have loss to 
follow-up, however, the most appropriate measure of association is the rate ratio or the rate 
difference.  
 



 

 

Also, consider that the reason that there is no bias is because the exposed and unexposed 
remain comparable to each other.  In truth, the risk of illicit drug use among those with drug 
education is 20% (40 illicit drug users out of 200 who received the education).  In the study with 
exposure-related losses to follow-up, the risk of illicit drug use among those with a drug 
education is also 20% (30 illicit drug users out of 150 who received the education).  Similarly, the 
risks for illicit drug use are the same in the truth and the study among those who did not receive 
the drug education. Thus, despite losses to follow-up, the conditional risks of the outcome 
remain the same, and because of this, the measures of association do not change. 
 

 

Box 3. Loss to follow-up that differs by outcome status but not exposure status 

 
Let us now consider the scenario in which losses to follow-up are associated with the outcome, 
but not the exposure. That is, individuals who eventually used illicit drugs were more likely to 
drop out of the study. We do not observe their incident drug use in the study, because they 
drop out before the drug use occurs.  Since we know the truth in Farrlandia, however, we can 
estimate the effect that this unequal-by-outcome drop out would have on our estimates.  
Consider the scenario in Box 3, Figure 1 where 75% of those who eventually use illicit drugs drop 
out of the study before they begin using drugs, and 25% of those who do not eventually use 
illicit drugs also drop out of the study. 
 

Box 3, Figure 1. Loss to follow-up by outcome status  

 

 
 

 
 
 
 
 
 



 

 

 
2x2 table for study participants at Time 4 – Loss to follow-up by outcome status: 
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When more individuals who eventually get the outcome drop out of the study than individuals 
who do not, the risk ratio and the risk difference are biased. In this case, we overestimate the 
magnitude of the risk ratio measure of association between the exposure and outcome, 
concluding that individuals who did not receive drug education have a 2.36 times higher risk of 
illicit drug use compared to individuals who did receive drug education compared to a risk ratio 
of 2.0 in the population (see Box 2, Figure 1); we underestimate the risk difference measure of 



 

 

association, concluding that there are an additional 10 illicit drug users among those who did 
not receive drug education for every 100 exposed individuals over the six years. 
 
The reason that these measures are biased is that there is now non-comparability between the 
exposed and unexposed.  Among the exposed, the risk should be 20% (as it is in the population 
base), but in our study sample, because of loss to follow-up, the risk is only 8%.  Among the 
exposed (those who did not receive drug education), the risk is 40%, similar to the population 
base. Thus, the unexposed (those who received drug education) no longer adequately represent 
the experience of the exposed (those who did not receive drug education) had they not been 
exposed; we are underestimating the risk of illicit drug use among those who received drug 
education.     
 
However, the odds ratio is unbiased! In the Farrlandia population base, we know that those who 
do not receive drug education have 2.67 times the odds of illicit drug use compared to those 
who receive drug education. When losses to follow-up are associated with the outcome but not 
simultaneously associated with exposure, the odds ratio remains an unbiased measure of the 
association between exposure and outcome.  
 

 
 

Box 4.  Loss to follow-up and the rate ratio 

 
In this chapter we detail how losses to follow-up can potentially bias risk and odds measures of 
disease association. But in prospective study designs with losses to follow-up, we know from 
Chapter 5 that a rate is the appropriate measure of disease occurrence, and from Chapter 6 that 
a rate ratio is the appropriate measure of disease association.  Given this, it is important to 
understand how the rate ratio is influenced by losses to follow-up associated with exposure and 
outcome.  We shall review this step-by-step. 
 
We refer throughout to our example from Chapter 9 of the association between a drug 
education program and subsequent illicit drug use among adolescents. First, let us estimate the 
rate ratio if we had no losses to follow-up.  We will do this by first estimating the person time 
contribution at each of the four time steps.  Remember that each time step is two years apart. 
 
Baseline 
 

 Exposed Unexposed 

Number at risk of developing the disease 200 200 

Number with the disease 0 0 

Person years of follow-up 0 0 

 
At baseline, we have 200 exposed and 200 unexposed. None has the outcome and they have not 
been followed, so they contribute no person time. 
 
First follow-up, 2 years later 
 
When the study subjects return two years later, we observe the following: 
 



 

 

 

 Exposed Unexposed 

Number at risk of developing the disease 200 200 

Number with the disease 30 10 

Person years of follow-up 400 400 

 
Among the exposed, 30 developed the outcome, and among the unexposed, 10 developed the 
outcome. Because there is no loss to follow-up, each group contributes 400 person years, 
because all 200 people were followed for 2 years.  
 
Second follow-up, two years after first follow-up 
 

 Exposed Unexposed 

Number at risk of developing the disease 170 190 

Number with the disease 30 20 

Person years of follow-up 340 380 

 
At the second follow-up, the number at risk of getting the outcome has now decreased.  
Because 30 people in the exposed and 10 people in the unexposed had the outcome at the first 
follow-up, they are no longer at risk of developing the outcome.  Thus, we no longer include 
them in the denominator of the rate measure. Of the original 200 exposed, now 170 are at risk.  
Of the original unexposed, now 190 are at risk.  These 170 and 190 each contribute two years of 
person time, thus we have a total of 340 and 380 person years in the exposed and unexposed, 
respectively.  Of the exposed, 30 more have the outcome at the second follow-up and of the 
unexposed 20 more have the outcome. 
 
Third follow-up, two years after second follow-up 
 

 Exposed Unexposed 

Number at risk of developing the disease 140 170 

Number with the disease 20 10 

Person years of follow-up 280 340 

 
At the final follow-up, we again remove all those with disease from being at risk of developing 
the outcome.  In the exposed, we observed 30 people with the outcome at the first follow-up 
and an additional 30 at the second follow-up, for a total of 60 who are no longer at risk.  Thus 
there is the possibility of observing the outcome among 140 remaining subjects.  A similar 
calculation can be done to arrive at the 170 still at risk in the unexposed.  Each subject was 
observed for two additional years, thus we have 280 exposed and 340 unexposed person years, 
respectively. 
 
Total study observation period 
 
Now, let us put all of this information together to estimate the rate of the outcome in the 
exposed and unexposed.  
 
 
 
 



 

 

 
 Exposed   Unexposed  

 Baseline First 
follow-

up 

Second 
follow-

up 

Third 
follow-

up 

Total  Baseline First 
follow-

up 

Second 
follow-

up 

Third 
follow-

up 

 

Number 
with the 
disease 

0 30 30 20 80  0 10 20 10 40 

Person 
years of 
follow-

up 

0 400 340 280 1020  0 400 380 340 1120 

Rate of 
outcome  

 0.078   0.036 

 
In the exposed, we observed a total of 80 cases within 1,020 person years of follow-up of 
disease-free individuals for a rate of 0.078 per person-year (or 7.8 cases per every 100 person 
years).  In the unexposed, we observed a total of 40 cases within 1,120 person years of follow-
up of disease free individuals, for a rate of 0.036 cases per person-year (or 3.6 cases per every 
100 person years).  The rate ratio is thus: 
 

            
     

     
        

 
The rate of the outcome in the exposed is 2.17 times that of the unexposed.  Note that this ratio 
is slightly higher than the risk ratio of 2.0 we observed for the same data in Figure 5 within 
Chapter 9.  This is because the ratio of denominators between exposed and unexposed (1,020 
and 1,120) is less than one (reflecting the fact that once an individual develops the outcome, we 
no longer include person time for that person in the denominator calculation); the further that 
the ratio of denominators drifts below one, the larger the rate ratio will be compared with risk 
ratio.   
 
Adding losses to follow-up 
 
Above we see that in the case of no losses to follow-up, the rate ratio is 2.17. Let us now 
practice incorporating loss to follow-up into rate calculations, and observe how losses to follow-
up associated with exposure and disease affect measures of association. 
 
In the text, we saw that 50% of exposed were lost to follow-up (regardless of disease) compared 
with 25% of unexposed (regardless of disease). This translates to 100 exposed and 50 
unexposed that were lost to follow-up.  Let us assume that among the exposed, 30 were lost 
between baseline and first follow-up, 40 between first and second follow-up, and 30 between 
second and third.  Corresponding N’s for the unexposed are 20, 20, and 10.  How do we now 
calculate the rate ratio incorporating this loss to follow-up? 
 
Below is a table showing the number lost between baseline and first follow-up, number at risk, 
number with the disease, and corresponding person years for exposed and unexposed. 
 
 
 



 

 

 
 

 Exposed Unexposed 

Number lost between baseline and first follow-up 30 20 

Number at risk of developing the disease 170 180 

Number with the disease 20 10 

Person years of follow-up 340 360 

 
Among the exposed, we started the study with 200 people, but only 170 came to the first 
follow-up.  Thus, 170 were at risk of developing the disease at the start of the first follow-up 
(corresponding to 340 person years of observation, as all 170 were followed for two years). Of 
those 170, 20 develop the disease.  Similar calculations can be done for the unexposed. 
 
When we then examine the data for the second follow-up, we see: 
 

 Exposed Unexposed 

Number lost between first and second follow-up 40 20 

Number at risk of developing the disease 110 150 

Number with the disease 10 10 

Person years of follow-up 220 300 

 
 
Starting with the exposed, we see that 110 are now at risk of developing the disease.  How did 
we get to 110?  Remember at the first follow-up there were 170 at risk, and 20 had the disease.  
Thus, 150 remained at risk after the end of the first follow-up.  Then, 40 were lost to follow-up.  
Thus, 110 remain disease free and in our study at the second follow-up.  A similar calculation 
can be done for the unexposed. 
 
Let us examine the data for the third follow-up: 
 

 Exposed Unexposed 

Number lost between second and third follow-up 30 10 

Number at risk of developing the disease 70 130 

Number with the disease 10 10 

Person years of follow-up 140 260 

 
Starting with the exposed, we see that 70 are now at risk of developing the disease.  How did we 
get to 70?  Remember at the second follow-up there were 110 at risk, and 10 had the disease.  
Thus, 100 remained at risk after the end of the first follow-up.  Then, 30 were lost to follow-up.  
Thus, 70 remain disease-free and in our study at the second follow-up.  A similar calculation can 
be done for the unexposed. 
 
Finally, let us summarize the study data incorporating the loss to follow-up information into the 
person time calculation. 
 
 
 
 
 



 

 

 
 Exposed   Unexposed  

 Baseline First 
follow-

up 

Second 
follow-

up 

Third 
follow-

up 

Total  Baseline First 
follow-

up 

Second 
follow-

up 

Third 
follow-

up 

Total  

Lost to 
follow-

up 

0 30 40 30 100  0 20 20 10 50 

Number 
with the 
disease 

0 20 10 10 40  0 10 10 10 30 

Person 
years of 
follow-

up 

0 340 220 140 700  0 360 300 260 920 

Rate of 
outcome  

 0.0571   0.0326 

 
Incorporating losses to follow-up that are greater among the exposed than the unexposed, we 
obtain a rate ratio of 0.0571 over 0.0326, or 1.75.  Thus, the exposed have 1.75 times the rate of 
the disease compared to the unexposed in our study.  In the truth with no losses to follow-up, 
the rate was 2.17, indicating that we are underestimating the true rate ratio due to the 
additional losses to follow-up in the exposed. 
 
Similar rate ratio and rate difference calculations can be done to show that when losses to 
follow-up are unequal by disease status or by exposure and disease status, the rate ratio and 
rate difference obtained will differ from the “truth”, indicating that the rate ratio is sensitive to 
losses to follow-up across the study period when those losses are unequal by exposure, disease, 
or both. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 

Box 5. Quantitative example of misclassification of health indicator status that is independent 
of exposure 

 
As another example, suppose that the opposite pattern happened, where non-heavy coffee 
drinkers were more likely to report being heavy coffee drinkers.  See Box 5, Figure 1 below.  
 

Box 5, Figure 1. The association between coffee consumption and stroke  
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Compared to the true association in the sample, we have again underestimated the magnitude 
of the relation between coffee consumption and stroke.  We would report based on these data 
that individuals who consume high quantities of coffee have 0.84 times the risk of stroke and 
0.73 times the odds of stroke compared with more moderate coffee drinkers over one year, and 
that heavy coffee consumption is associated with about 8 fewer cases of stroke over the study 
period 100 individuals exposed over one year.  We have disrupted the comparability of the 
exposed and unexposed groups, creating a bias in the observed exposure-outcome relationship. 
 

 
 
 

 
 


