Solutions
Exercise 1

In the small island nation of Epidoria, a team of reproductive epidemiologists has been studying the relationship between very low birth weight and risk of cognitive, motor, and behavioural problems. Five years ago these investigators initiated a cohort study. Using birth certificate files and delivery room entry logs, these investigators attempted to identify all full-term births in Epidoria over a 6-month period. The investigators enrolled all low birth weight babies and a representative sample of normal birth weight babies into their study. The investigators then examined the children every year until age 3 years. During the last examination, the investigators administered a standardized developmental screening test to assess personal-social, language, and motor-adaptive skills. Based on this test, the investigators classified the children into two groups: normal development and delayed development.

The results from the study were:

	
	Birth Weight

	Development
	Low
	Normal
	Total

	Delayed
	140
	77
	217

	Normal
	220
	283
	503

	Total
	360
	360
	720


1) Calculate the crude Relative Risk for the primary exposure (low birth weight).
RR=(140/360)/(77/360)=1.81
To take account of the possibility that environmental lead exposure might confound the relationship between birth weight and developmental status, blood lead levels were determined from blood samples collected at the age 3-year visit. Elevated lead levels (> 10 μg/dL) were found in 173 of the low birth weight children (88 of whom had delayed development according to their screening test). Elevated lead levels were also found in 72 of the normal birth weight children (24 of whom had delayed development). Diagram several plausible sets of relationships among birth weight, blood lead level, and delayed development (similar to slides 5-6-7). 

2) In which ones could blood lead confound the association between low birth weight and delayed development?





3) Carry out a stratified analysis of birth weight and developmental delay, controlling for blood lead level. Create 2 x 2 tables for each stratum, estimate the RR for each stratum, and interpret the results in comparison with the crude RR from question 1.
	
	Lead<10 μg/dL
	Lead>10 μg/dL

	
	Birth Weight
	Birth Weight

	Development
	Low
	Normal
	Total
	Low
	Normal
	Total

	Delayed
	52
	53
	105
	88
	24
	112

	Normal
	135
	235
	370
	85
	48
	133

	Total
	187
	288
	475
	173
	72
	245

	RR
	(52/187)/(53/288)=1.51
	(88/173)/(24/72)=1.53


The RR for each stratum are very similar, but different from the RR calculated on the entire cohort

4) Based on 3) could you conclude that lead is a confounder? How can you obtain an adjusted measure? Calculate it.

We have some evidence that lead is a confounder for the relationship between birth weight and development. We can use the weighted RR as a measure of the association.

RRMH = (53+235)/475*52+(24+48)/245*88 = 1.52


    (52+135)/475*53+(88+85)/245*24

5) Which other strategies could you have used to take into account the confounders, before and after collecting the data?

Restriction: The investigators could have restricted their study population to children without elevated blood lead levels. However, since lead exposure was not assessed until well after the cohort was selected, many children would probably have to be later dropped from the cohort when the investigators determined that their blood lead levels were high. (This is the same as carrying out a stratified analysis and discarding the stratum for elevated blood levels.) If baseline blood lead level was an adequate predictor of blood lead level during the relevant part of the follow-up, then babies with elevated levels at baseline could have been excluded. However, information would not then have been available on an important subset of children.

Matching: If blood lead levels had been measured at baseline, then the study could have matched normal weight babies to low birth weight babies based on blood lead level. Since matching would eliminate an association between the potential confounder and the exposure variable in the study base, this procedure would have avoided confounding by blood lead level IF baseline lead levels tracked perfectly with lead levels during the three year period. (This strategy might increase statistical efficiency [better statistical precision per subject] since it would have avoided having relatively few normal weight babies with elevated blood lead levels to compare to the low weight babies with blood lead levels.)
Multivariate analysis: after having collected the data the researchers could use statistical modelling to adjust for confounders. This means that they can include the confounding variables in the same model where they include the primary exposure.

Exercise 2
The land of Biodoria is the country leader in exporting ceramic and around 30% of its population works in the production of ceramic. As the country exhibits a number of lung cancer cases extremely high compared with the neighbour countries a team of epidemiologists have carried out a cohort study over 10 years to evaluate the presence of an association between ceramic dust (occupational exposure) and lung cancer.

The results of the study are:

	
	Lung Cancer

	Ceramic dust
	Yes
	No
	Total

	Yes
	500
	250
	750

	No
	220
	2500
	2720

	Total
	720
	2750
	3470


1) Calculate the crude Relative Risk for the occupational exposure (ceramic dust).
RR = (500/750)/(220/2720)= 8.24

The researchers were able to collect information about the smoking habits of the individuals in the cohort and want to investigate if smoking confounds or modifies the effect of the exposure on the risk of developing lung cancer. These are the available information:

· 570 people with lung cancer smoke and amongst these 450 are also exposed to ceramic dust. 

· 180 people who do not smoke are exposed to ceramic dust 

· 2400 people who do not smoke and are not exposed to ceramic dust do not develop the disease.

3) Carry out a stratified analysis of ceramic dust and lung cancer, controlling for smoking. Create 2 x 2 tables for each stratum, estimate the RR for each stratum, and interpret the results in comparison with the crude RR from question 1.
	
	Smoking
	Non Smoking

	
	Lung Cancer
	Lung Cancer

	Ceramic Dust
	Yes
	No
	Total
	Yes
	No
	Total

	Yes
	450
	120
	570
	50
	130
	180

	No
	120
	100
	220
	100
	2400
	2500

	Total
	570
	220
	790
	150
	2530
	2680

	RR
	(450/570)/(120/220)=1.45
	(50/180)/(100/2500)=6.94


4) Is smoking a confounder or an effect modifier? Discuss your answer.
The effect of ceramic dust is different for smokers and for non smokers; we can conclude that smoking is an effect modifier for the link between ceramic dust and lung cancer.
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