MEASURING RISK IN INDIVIDUALS AND POPULATIONS








1. INCIDENCE





Incidence quantifies the number of new events or cases of a disease that develop in a population of individuals at risk during a specified period of time. Incidence is calculated as:





Incidence = 	Number of new cases of a disease during a given period of time


					Total population at risk





Incidence provides an estimate of the probability, or risk, that an individual will develop a disease during a specified period of time. 





A precise definition of the numerator and denominator is essential for both accuracy and clarity. The denominator (population at risk) should in theory only include those "at risk" of developing the disease and individuals not at risk of acquiring the disease should be excluded. It is often not possible to determine this information for each individual in a population and, in practice, we often have to use the mid year population when calculating incidence in which case the resulting measure of incidence will underestimate the true incidence of disease.








2. CRUDE MORTALITY RATE





Epidemiologists often begin the investigation of the health experience of a population with information that is routinely available. The cause of death is recorded on a standard death certificate which also includes other demographic information. The data recorded are open to various sources of error but routine death data is often a useful source of information on trends in the health status of the population.





The crude death rate is calculated as:





Crude mortality rate = 	Number of deaths in a specified period


		         		Average total population during that period





The main disadvantage of the crude mortality rate is that it takes no account of the fact that the risk of death varies according to age, sex race, socio-economic class etc. For this reason, death rates can often be more usefully expressed for specific population groups e.g. age specific death rates. A summary measure of deaths, which you will come across frequently in the medical literature, is the standardised mortality ratio.








3. CASE FATALITY RATE





Case fatality is one measure of the severity of a disease and is defined as:





The proportion of cases of a specified disease or condition which are fatal within a specified time.





Case fatality is calculated as:





Case fatality =	Number of deaths from a disease in a specified period


		Number of diagnosed cases of that disease in the same period





This is, strictly speaking, the fatality/case ratio but is usually called the case-fatality ratio.








4. STANDARDISED MORTALITY RATIO





As explained above, the crude death rate takes no account of the fact that the risk of death varies with age - areas with a high proportion of elderly people will have a high crude death rate and conversely, areas with a low proportion of elderly people will have low crude death rates. A summary measure which allows us to compare death rates in different populations is the standardised mortality ratio (SMR). We can standardise for any aspect of population structure but usually we standardise for age, often for each sex separately.





We can demonstrate the calculation of the SMR using an industrial city, Coaltown. In 1981 3,800 deaths occurred in Coaltown, population 500,000. The crude death rate per 1,000 in 1981 was:





		Number of deaths in 1981   *  1,000


		Total population in 1981





	=	3,800		* 1,000


		500,000





	=	7.6 per 1,000





The crude death rate in Coaltown in 1981 was much lower than the death rate in England and Wales in 1981 (11.7 per 1,000). Does this mean the population of Coaltown is particularly healthy? We can make a better comparison between Coaltown and England and Wales by calculating the SMR for Coaltown. To simplify the calculations, we will only standardise for age.








METHOD OF CALCULATION OF AN SMR





1.	The first step is to count the total number of deaths in Coaltown in 1981. It is not necessary to separate the deaths into age groups - just the total is used.





2.	The population of Coaltown is broken down by age group. This sort of data is available from the Office for Population Censuses and Surveys (OPCS). 





3.	The age specific death rates in England and Wales for 1981 (these are also available from OPCS) are then applied to the population of Coaltown. 





4.	For each age group in Coaltown, the age specific death rate is multiplied by the population of Coaltown for that age group to give the expected number of deaths in that age group. 





5.	The expected number of deaths in each age group are added to give the expected number of deaths that would have occurred in the population of Coaltown had the death rates for England and Wales prevailed in each age group. 





The SMR is calculated as:





SMR	=	Observed deaths	* 100


		Expected deaths








This method is known as indirect standardisation. There is another method known as direct standardisation but this is less commonly used. For ease of calculation, the rates for males and females have been combined. 








Table: Population and expected number of deaths in Coaltown.





Age Group


�
Population in 1,000s�
National Rate (per 1,000)�
Expected Deaths�
�
Under 1�
10�
11.1�
111�
�
1 - 4�
40�
0.5�
20�
�
5 - 14�
80�
0.2�
16�
�
15 - 24�
80�
0.6�
48�
�
25 - 34�
80�
0.7�
56�
�
35 - 44�
70�
1.5�
105�
�
45 - 54�
60�
4.9�
294�
�
55 - 64�
44�
13.2�
581�
�
65 - 74�
25�
33.4�
835�
�
75 - 84�
10�
79.6�
796�
�
85+�
1�
190.9�
191�
�



All Ages�



500�



�



3,053�
�






The table shows that if the age specific death rates for England and Wales had applied in Coaltown we would have expected 3,053 deaths in 1981.





The SMR for Coaltown is:





SMR	=	Observed number of deaths	* 100


		Expected number of deaths





	=	3,800	* 100


		3,053





	=	124





Although Coaltown has a crude death rate (7.6 per 1,000) lower than the national average (11.7 per 1,000) there were 24% more deaths in Coaltown than would have been if national rates had prevailed.





INTERPRETING THE SMR





The SMR is a dimensionless ratio and is not a rate. It will be 100 if a local population has the same number of actual deaths as would be expected from national rates. It will be greater than 100 if the observed number of deaths is greater than expected; it will be less than 100 if the observed number of deaths is less than expected.








5. RELATIVE RISK





The relative risk (RR) estimates the magnitude of an association between exposure and disease, and indicates the likelihood of developing the disease in the exposed group relative to those who are not exposed. It is defined as the incidence of the disease in the exposed group (expressed as Ie) divided by the incidence of disease in the nonexposed group (expressed as Io). 





Relative risk =	Incidence in exposed group


		Incidence in unexposed group





A relative risk of one indicates that the incidence rates of disease in the exposed and nonexposed groups are identical and thus that there is no observed association between the exposure and the disease. A value of greater than one indicates a positive association, or an increased risk, between exposure and disease. A value of less than one indicates that there is an inverse association between exposure and disease. We exclude a chance association by using statistical tests of significance or confidence intervals.





To aid in the calculation of measures of association, epidemiological data is often presented in the form of a two-by-two table, also known as a contingency table. The two-by-two table derives its name from the fact that it contains two rows by two columns, each representing the presence or absence of the exposure or disease. This creates four cells labelled a, b, c, d each of which represents each of which represents the number of individuals having that particular combination of exposure and disease status.








�
Disease


�
�
�
�
�
Yes�
No


�
Total�
�
Exposure


Yes�
a�
b�
a + b�
�
Exposure


No�
c�
d�
c + d�
�



Total�



a + c�



b + d�



a + b + c + d�
�






a = the number of individuals who are exposed and have the disease.


b = the number of individuals who are exposed and do not have the disease.


c = the number who are not exposed and have the disease.


d = the number who are nonexposed and do not have the disease.





The margins of the table represent the total numbers of individuals in each row and column and are calculated by simply adding the relevant cells.





a + b = the total number of individuals exposed.


c + d = the total number nonexposed.


a + c = the total number with the disease.


b + d = the total number without the disease.





The sum of all four cells (a + b + c + d) is the total numbers of individuals.





Consider the following examples. 





EXAMPLE 1





During an outbreak of hepatitis A that occurred in a primary school in Gloucester, an antibody testing survey was carried out to determine the incidence of infection with hepatitis A during the previous year in children attending the school. Children were categorised by whether or not they lived in the Barton electoral ward or in one of the other electoral wards in Gloucester.








�
Infection with hepatitis A in previous year


�
�
�
�
�
Yes�
No


�
Total�
�
Lived in Barton


Yes�
95�
154�
249�
�
Lived in Barton


No�
43�
170�
213�
�



Total�



137�



325�



462�
�






Relative risk of previous infection with hepatitis A:





	=	Incidence in Barton residents


		Incidence in non-Barton residents





	=	95/249


		42/213





	=	1.89





That is, children living in Barton were 1.89 times more likely to have acquired hepatitis A infection within the previous year.








EXAMPLE 2





Following an outbreak of food poisoning at a wedding reception, chicken was thought to be the most likely cause. Guests were asked if they had or had not eaten chicken.








�
Food poisoning


�
�
�
�
�
Yes�
No


�
Total�
�
Ate chicken


Yes�
17�
4�
21�
�
Ate chicken


No�
1�
32�
33�
�



Total�



18�



36�



54�
�
 





Relative risk of food poisoning:





	=	Incidence in those who ate chicken


		Incidence in those who did not each chicken





	=	17/21


		1/33





	=	26.7





That is, people who ate chicken were at 26.7 times more risk of food poisoning than those who did not eat chicken.








6. ODDS RATIO





In case-control studies, where participants are selected on the basis of disease status, it is usually not possible to calculate the rate of development of disease given the presence or absence of exposure. Consequently, the formula given for the calculation of relative risk in a cohort study cannot be applied to data from a case-control study. The relative risk can, however, be estimated by calculating the ratio of the odds of exposure among the cases to that amongst the controls. The data from a case-control study can be expressed in a two by two table, in the same way as for a control study. The odds ratio is calculated as:





Odds ratio	=	a/c	=	ad


			b/d		bc








Consider the following example which is derived from a case-control study of oral contraceptive (OC) use and myocardial infarction (heart attack).








�
Myocardial infarction


�
�
�
�
�
Yes�
No


�
Total�
�
Current OC use


Yes�
23�
304�
327�
�
Current OC use


No�
133�
2816�
2949�
�



Total�



156�



3120�



3276�
�






Odds ratio	=	ad	=	23*2816


			bc		304*133





		= 	1.6





That is, women who were current oral contraceptive users had a risk of myocardial infarction 1.6 times greater than non-users.





There is a firm mathematical basis for the odds ratio being not only a stable but an unbiased estimate in case-control studies of the relative risk. This is explained in more detail in chapter 4 of Epidemiology in medicine by Hennekens and Buring. 








7. ATTRIBUTABLE RISK





The relative risk represents the likelihood of disease in exposed individuals relative to those who are nonexposed. The attributable risk (also known as the risk difference or excess risk) is a measure that provides information about the absolute effect of the exposure or the excess risk of disease in those exposed compared with those nonexposed. This measure is defined as the difference between the incidence rates in the exposed and nonexposed groups. It is calculated as:





Attributable risk	=	Incidence in exposed - Incidence in unexposed





Consider the following example:





�
Table: Relative and attributable risks of mortality from lung cancer and coronary heart disease among cigarette smokers in a cohort study of male doctors.





�
Annual mortality per 100,000


�
�
�
�
Lung cancer�
Coronary heart disease�
�
Cigarettes smokers�
140�
669�
�
Non-smokers�
10�
413�
�



Relative risk�



14.0�



1.6�
�
Attributable risk�
130�
256�
�



You will see that the relative an attributable risks provide different types of information. The attributable risk provides a measure of the public health impact of an exposure, assuming that the association is one of cause and effect. The magnitude of the relative risk does not predict the magnitude of the attributable risk.








ATTRIBUTABLE RISK PERCENTAGE





To estimate the proportion of the disease among the exposed that is attributable to the exposure, or the proportion of the disease that could be eliminated by removing the exposure, the attributable risk is often expressed as a percentage. The attributable risk percentage is calculated as the attributable risk divided by the rate of disease amongst the exposed:





Attributable risk % 	=	Attributable risk


				Incidence in exposed





			=	Incidence in exposed - Incidence in unexposed  *  100


						Incidence in exposed





For example, using the data on smoking and lung cancer and ischaemic heart disease.





For lung cancer:





Attributable risk % 	=	140 per 100,000 - 10 per 100,000  *  100


					140 per 100,000





			=	93%





That is, 93% of the risk of lung cancer in smokers can be attributed to smoking (if there is a causal relationship).





For ischaemic heart disease:





Attributable risk % 	=	669 per 100,000 - 413 per 100,000  *  100


					669 per 100,000





			=	38%


That is, 38% of the risk of ischaemic heart disease in smokers can be attributed to smoking.








POPULATION ATTRIBUTABLE RISK





While it is useful to estimate the proportion of cases for whom the disease is attributable to their exposure, it is also of interest to estimate the excess rate of disease in the total population of exposed and nonexposed individuals that is attributable to the exposure. This measure, known as the population attributable risk, helps determine which exposures have the most relevance to the health of a community. The population attributable risk is calculated as the as the attributable risk multiplied by the proportion of the population exposed:





For example, using the data on smoking, lung cancer and ischaemic heart disease, and assuming that the proportion of smokers in the population is 40% or 0.40.





For lung cancer:





Population attributable risk	=	Attributable risk * Proportion of smokers





				=	130 per 100,000 * 0.40





				=	52 per 100,000





That is, if smoking was completely stopped in the population, the maximal reduction in the incidence of lung cancer we could expect would be 52 per 100,000.








POPULATION ATTRIBUTABLE RISK PERCENTAGE





Analogous to the attributable risk percent amongst exposed individuals, the population  attributable risk percent is the proportion of disease in the study population that is attributable to the exposure and could thus be eliminated if the exposure was also eliminated. The population attributable risk percent is calculated by dividing the population attributable risk by the rate of disease in the population:





Population attributable risk %	=	Population attributable risk  * 100


					Incidence in population





For lung cancer, assuming the death rate from lung cancer in the population is 62 per 100,000:





Population attributable risk %	=	52 per 100,000  *  100


					62 per 100,000





				=	84%





That is, 84% of deaths from lung cancer in the population are attributable to smoking.
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