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Supporting information 

 
Understanding what a confounder is 
Health studies often want to investigate the relationship between a variable of 
interest (e.g. a medicine, a habit, an environmental exposure) and a health 
condition. In such studies, there are other variables that can interfere or mask the 
association of interest. For example, we can observe an association between 
coffee drinking (variable of interest) and heart disease, but it may be that this 
association is due to a third variable, e.g. smoking. If there are more smokers in 
the group of coffee drinkers than in those that don’t drink coffee, then we expect 
to observe more cases of heart disease among coffee drinkers. However, the 
association may be entirely explained by smoking, and coffee may not have 
anything to do with heart disease. A variable that acts like smoking in our example 
is called a confounder. Controlling for confounders is crucial in epidemiology 
studies.  
 
Drawing associations with arrows 
Write the names of the variables and arrows connecting them if you believe a 
relationship between them exists. Arrows should go from the cause to the effect. 
E.g. smoking → cancer and not cancer → smoking. Several arrows can emanate 
from a single variable and a variable can receive several arrows.  Sometimes the 
direction will not be obvious, that can be part of the discussion. 
 
Selecting variables to control for in the study 
Once a map with variables and arrows has been developed, one has to look for 
paths that connect the variable of interest to the health outcome. A path is a 
series of rows that connect two variables, regardless of the direction of the 
arrows. E.g. In the graph below smoking-age-cancer is a path for smoking to 
cancer. 
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We are interested in selecting paths that start from an arrow that points into the 
variable of interest. E.g. if our variable of interest is maternal smoking during 
pregnancy and our health outcome is respiratory problems of children, using the 
graph below, we are not interested in the path maternal smoking-birth weight- 
respiratory problems of child because it does not start from an arrow pointing to 
maternal smoking. However, we are interested in the path maternal 
smoking-socioeoconomic status-respiratory problems of children.  
 

 
 
The variables to be controlled in the study are all the ones involved in the 
selected paths. This selection is conservative as some variables may not be 
needed. Epidemiologists can refine this selection in a later step using formal rules 
for causal graphs. 
 
Controlling vs. collecting information 
It is easier to consider that we only have two groups based on our variable of 
interest, e.g. schools with high air pollution and schools with low air pollution. In 
an ideal study, the two groups should be identical in all other characteristics. This 
can only be achieved with randomization, but this is not always feasible or ethical 
to randomize. For example, we cannot decide by a randomization process that a 
child attends a polluted or unpolluted school. However, in our study we can force 
some characteristics to be the same among the two groups. For example, if 
children participating in the study will be doing attention tests (our health 
outcome) and we believe that day of the week is an important variable (e.g. people 
has worse scores on attention on Mondays) we can organize the visits to schools 
to do the attention tests on the same day of the week for both high- and low-air 
pollution schools. E.g. we could do the attention tests only on Wednesdays. This 
way, we have controlled the variable day of the week by design, and it can no 
longer affect the comparison of the two groups. We could also try to control for 
the socioeconomic status of the neighborhood. For example, we select different 
neighborhoods in the city, and for each one of them, we look for a high-pollution 
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school and for a low-pollution school. This way, the percentage of people living in 
a deprived neighborhood will be the same for the high-pollution and low-pollution 
group. When control is not possible, we have to collect information on all the 
relevant variables that we have selected as relevant, to be able to correct for 
those factors when doing the statistical analysis of the data.  
 
 
Worked example 
In the graph below, inspired in the Atenc!ó project, the variable of interest is air 
pollution in the school and the health outcome is the result of an attention test. 
The simplified graph below indicates that the school being close to a road 
influences air pollution in the school, but also noise in the school; both noise and 
air pollution are believed to influence attention tests; the socioeconomic status 
(SES) of the neighborhood can be related to the number of roads near schools and 
it can also affect the attention capacity; the temperature of the day influences air 
pollution levels of the day and also influences attention capacity; day of the week 
(dow) influences pollution levels and it could also affect the attention test; being 
in love can influence attention capacity; having trees around the school reduces 
air pollution levels (it would probably affect noise levels but this is not 
incorporated for illustration purposes, i.e. to have a variable that only affects the 
variable of interest while creating no paths to the health outcome).   
 

 
 
The paths that go from pollution to attention starting from an arrow pointing to 
attention are: 1) pollution-road-SES-attention; 2) pollution-road-noise-attention; 
3) pollution-road-noise-dow-atention; 4) pollution-dow-attention; 5) 
pollution-temperature-attention. 
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Thus, we should control or collect information on: roads close to the school, 
neighborhood socioeconomic status, noise, temperature and day of the week, and 
we do not need to do anything about the number of trees around the school and 
on whether the student was in love or not when doing the attention test. 
For example, we could decide: to control for day of the week by doing the tests 
only on Wednesdays; to control for SES by selecting one high pollution school and 
one low pollution school from a number of homogeneous neighborhoods in terms 
of SES; to collect noise measurements in the schools using sonometers; to collect 
information on roads around the school using traffic maps; and to measure 
(collect) temperature in the classrooms using thermometers, or collect city-level 
data from meteorological stations.   
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