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Objectives
After studying this lesson and answering the tutorial questions in this exercise, you will be able to:
1) Calculate and interpret the following epidemiologic measures:
Cumulative Incidence (Attack Rate)
Relative Risk (Risk Ratio)
Odds Ratio
Person – Time Incidence
2) Choose and apply the appropriate measures of association
















Question One: 
Describe in which studies the relative risk (RR) and the odds ratio (OR) are used. Outline the reason why they would be used in a particular study and not in another.
Relative Risk (RR) is used in cohort studies and experimental studies while Odds Ratio (OR) is calculated in a case-control study and cross sectional studies.
In a case - control study, there are those who have the disease and those who do not (including those who are exposed and those who are not). The ratio of the probability of occurrence of an event to that of non occurrence is the odds of that event, and by computing the ratio of the odds of the event in exposed versus non exposed (the odds ratio, which is the ratio of two odds), it is estimated how much more likely is the event in exposed compared with non exposed. This odds ratio is indeed an approximation to the relative risk, and is particularly useful if the event is rare.  
A relative risk is almost never calculated in case-control studies. In calculating a RR, one is comparing the incidence of those exposed and incidence of those not exposed (probability of occurrence of a disease in the exposed and in the non-exposed).



	
	



















Question Two: 
In an outbreak of tuberculosis among prison inmates in South Carolina in 1999, 28 of 157 inmates residing on the East wing of the dormitory developed tuberculosis, compared with 4 of 137 inmates residing on the West wing. Build a two by two table, calculate the appropriate measure of association and interpret the result. 
In this question, the exposure is the dormitory wing and the outcome is tuberculosis illustrated in the table below. 
[image: ]
Data source: McLaughlin SI, Spradling P, Drociuk D, Ridzon R, Pozsik CJ, Onorato I. Extensive transmission of Mycobacterium tuberculosis among congregated, HIV-infected prison inmates in South Carolina, United States. Int J Tuberc Lung Dis 2003;7:665–672.
To calculate the risk ratio, first calculate the risk or attack rate for each group. Here are the formulas:
Attack Rate 
Attack rate for exposed = a / a+b
Attack rate for unexposed = c / c+d
For this question: 
Risk of tuberculosis among East wing residents = 28 / 157 = 0.178 = 17.8% 
Risk of tuberculosis among West wing residents = 4 / 137 = 0.029 = 2.9%
The risk ratio is simply the ratio of these two risks:
Risk ratio = 17.8 / 2.9 = 6.1
Thus, inmates who resided in the East wing of the dormitory were 6.1 times as likely to develop tuberculosis as those who resided in the West wing.






Question Three: 
In an outbreak of varicella (chickenpox) in Oregon in 2002, varicella was diagnosed in 18 of 152 vaccinated children compared with 3 of 7 unvaccinated children. Calculate the risk ratio. 

[image: ]
Data Source: Tugwell BD, Lee LE, Gillette H, Lorber EM, Hedberg K, Cieslak PR. Chickenpox outbreak in a highly vaccinated school population. Pediatrics 2004 Mar;113(3 Pt 1):455–459.

Risk of varicella among vaccinated children = 18 / 152 = 0.118	= 11.8% 
Risk of varicella among unvaccinated children = 3 / 7 =	0.429	= 42.9%
Risk ratio = 0.118 / 0.429 = 0.28

The risk ratio is less than 1.0, indicating a decreased risk or protective effect for the exposed (vaccinated) children. The risk ratio of 0.28 indicates that vaccinated children were only approximately one-fourth as likely (28%, actually) to develop varicella as were unvaccinated children.














Question Four: 
To study the causes of an outbreak of aflatoxin poisoning in Africa, investigators conducted a case-control study with 40 case-patients and 80 controls. Among the 40 poisoning victims, 32 reported storing their maize inside rather than outside. Among the 80 controls, 20 stored their maize inside. The resulting odds ratio for the association between inside storage of maize and illness is:
A. 3.2 
B. 5.2 
C. 12.0 
D. 33.3
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Question Five:
Investigators enrolled 100 diabetics without eye disease in a cohort (follow-up) study. The results of the first 3 years were as follows:
Year 1: 0 cases of eye disease detected out of 92; 8 lost to follow-up
Year 2: 2 new cases of eye disease detected out of 80; 2 had died; 10 lost to follow-up
Year 3: 3 new cases of eye disease detected out of 63; 2 more had died; 13 more lost to follow-up
The person-time incidence rate is calculated as: 
A. 5/100 
B. 5/63 
C. 5/235
D. 5/250
D. 
During year 1, 92 returning patients contributed 92 person-years; 8 patients lost to follow-up contributed 8 x 1/2 or 4 years, for a total of 96. 
During the second year, 78 disease-free patients contributed 78 person-years, plus 1/2 years for the 2 with newly diagnosed eye disease, the 2 who had died, and the 10 lost to follow-up (all events are assumed to have occurred randomly during the year, or an average, at the half-year point), for a total of 78 + 14 x 1/2 years, for another 85 years. 
During the third year, returning healthy patients contributed 60 years; the 3 with eye disease, the 4 who died, and the 11 lost to follow-up contributed 18 x 1/2 years or 9 years, for a total of 69 years during the 3rd year. 
The total person-years is therefore 96 + 85 + 69 = 250 person-years.

References:
1. CDC. Principles of Epidemiology in Public Health Practice. Third Edition. An Introduction to Applied Epidemiology and Biostatistics.
2. [bookmark: _GoBack]Bonita R et al. Basic Epidemiology. 2nd Edition. WHO 2006.
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Varicella Non-case Total

Vaccinated a=18 b=134 152

Unvaccinated c=3 d=4 7

Total 21 138 159
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EXAMPLES: Calculating Risk Ratios    Example B: In an outbreak of varicella (chickenpox) in Oregon in 2002, varicella  was  diagnosed  in  18  of  152  vaccinated children compared with 3 of 7 unvaccinated children. Calculate the risk  ratio.     Table 3.13 Incidence of Varicella Among Schoolchildren in 9 Affe cted  Classrooms,  Oregon, 2002   

  Varicella  Non-case   Total 

Vaccinated   a = 18  b = 134   152 

Unvaccinated  c = 3  d = 4   7 

Total  21     138  159 

 

Data Source: Tugwell BD, Lee LE, Gillette H, Lorber EM, Hedberg K, Cieslak PR. Ch i c k e n p o x   o u t b r e a k   i n   a   h i g h l y  

vaccinated school population. Pediatrics 2004 Mar;113(3 Pt 1):455–459. 

 

Risk of varicella among vaccinated children  =  18 / 152  =  0.118  =  11.8% 

Risk of varicella among unvaccinated children =  3 / 7  =  0.429  =  42.9% 

 

Risk ratio = 0.118 / 0.429 = 0.28 

 

The risk ratio is less than 1.0, indicating a decreased risk or protective effect for the  exposed  (vaccinated)  children. 

The risk ratio of 0.28 indicates that vaccinated children were only approximately one- fourth  as  likely  (28 % ,  actually) 

to develop varicella as were unvaccinated children. 

 

 

Rate ratio 

A rate ratio compares the incidence ra t e s ,   p e r s o n - t i m e   r a t e s ,   o r  

mortality rates of two groups. As with  the  risk  ratio,  the  two  groups 

are typically differentiated by demo

g

r a p h i c  f a c t o r s  o r  b y  e x p o s u r e  

to a suspected causative agent. The ra t e  f o r  t h e  g r o u p  o f  p r i m a r y  

interest is divided by the rate for the c o m pa r i s o n   g r o u p .  

  

Rate for group  o f  p r i m a r y  i n t e r e s t

 

Rate ratio = 

Rate for comparison group

 

 

The interpretation of the value of a ra te  ra tio  is  sim ilar  to  that  of  

the risk ratio. That is, a rate ratio of 1.0  indicates  e qual  r ates  in  the 

two groups, a rate ratio greater than 1 . 0  i n d i c a t e s  a n  i n c r e a s e d  r i s k  

for the group in the numerator, and a  rate  ratio  less  than  1.0 

indicates a decreased risk for the grou p  i n  t h e  n u m e r a t o r .
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C. The results of this study could be summarized in a two-by-two table as follows:

Cases Controls Total
Stored maize Yes a=32 c=20 52
inside? No b=8 d=60 68
Total 40 80 120

The odds ratio is calculated as ad/bc, or (32 x 60) / (8 x 20), which equals 1,920 / 160 or
12.0.
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19. A, D. The fraction shown is the infant mortality rate. It is a ratio, because all fractions are  ratios. It is not a proportion because some of the children who died in early 2004 may  have been born in late 2003, so some of those in the numerator are not in the  denominator. Technically, the mortality rate for infants is the number of infants who died  in 2004 divided by the estimated midyear population of infants, so the fraction shown is  not a mortality rate in that sense. However, the fraction is known throughout the world as  the infant mortality rate, despite the technical inaccuracy.    20. E. The data shown in the table are numbers of deaths. No denominators are provided from  which to calculate rates. Neither is the total number of deaths given, so proportionate  mortality cannot be calculated. However, calculation of potential life lost need only the  numbers of deaths by age, as shown.    21. C, D. Only crude and cause-specific mortality rates use the estimated total mid-year  population as its denominator. The denominator for an age-specific mortality rate is the  estimated mid-year size of that particular age group. The denominator for a sex-specific  mortality rate is the estimated mid-year male or female population.    22. A, C, D. The fraction is the mortality rate due to septicemia (cause) among men (sex)  aged 65–74 years (age). Age-specific mortality rates are narrowly defined (in this fraction,  limited to 10 years of age), so are generally valid for comparing two populations without  any adjustment.    23. C. Vaccine efficacy measures the proportionate reduction in disease among vaccinees.    

24.

 

C. The results of this study could be summarized in a two-by-two table as follows: 

 

   Cases  Controls  Total 

Yes   a = 32  c = 20  52  Stored maize 

inside?  No  b = 8  d = 60  68 

 T otal  40  80  120 

 

 T he odds ratio is calculated as ad/bc, or (32 x 60) / (8 x 20), which equals 1,920 / 160 or 

12.0. 

 

25. C. The crude mortality rate reflects the mortality experience and the age distribution of a 

community, whereas the age-adjusted mortality rate eliminates any differences in the age 

distribution. So if  Community A’s age-adjusted mortality rate was lower than its crude 

rate, that indicates that its population is older.  
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East wing

West wing

Total

Developed tuberculosis?

Yes No
a=28 b =129
c=4 d =133

32 262

Total
H; =157
Ho=137

T=294
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EXAMPLES: Calculating Risk Ratios    Example A: In an outbreak of tuberculosis among prison inmates in South Carolina in 1999, 28 of 157 inmates  residing on the East wing of the dormitory developed tuberculosis, compared with 4 of 137 inmates residing on  the  West wing.11  These data are summarized in the two-by-two table so called because it has two rows for the exposure  and two columns for the outcome. Here is the general format and notation.    Table 3.12A General Format and Notation for a Two-by-Two Table      Ill  Well  Total  Exposed  a  b  a + b = H1  Unexposed  c  d  c + d = H0  Total  a + c = V1  b + d = V0  T       In this example, the exposure is the dormitory wing and the outcome is tuberculosis) illustrated in Table 3.12B.  Calculate the risk ratio.   Table 3.12B Incidence of Mycobacterium Tuberculosis Infection Among Congregated,  HIV-Infected Prison Inmates by Dormitory Wing, South Carolina, 1999   

 

Developed tuberculosis? 

 

 

Yes  No 

Total 

East wing  a = 28  b = 129 

H

1 

=157 

West wing  c = 4  d = 133 

H

0

=137 

Total 

32  262 

T=294 

 

Data source:  McLaughlin SI, Spradling P, Drociuk D, Ridzon R, Pozsik CJ, Onorato I. Extensive transmission of 

Mycobacterium tuberculosis among congregated, HIV-infected prison inmates in South Carolina, United States. 

Int J Tuberc Lung Dis 2003;7:665–672. 

 

To calculate the risk ratio, first calculate the risk or attack rate for each group. Here are the formulas: 

 

 

Attack Rate (Risk) 

Attack rate for exposed =  a / a+b 

Attack rate for unexposed = c / c+d 

 

For this example:  

Risk of tuberculosis among East wing residents  =  28 / 157  =  0.178  =  17.8% 

Risk of tuberculosis among West wing residents =  4 / 137  =  0.029  =  2.9% 

 

The risk ratio is simply the ratio of these two risks: 

 

Risk ratio = 17.8 / 2.9 = 6.1 

 

Thus, inmates who resided in the East wing of the dormitory were 6.1 times as likely to develop tuberculosis as  t h o s e  

who resided in the West wing. 
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