Crude and standardized measures are just weighted averages
Many overall (“crude”) measures in epidemiology are weighted averages (at least approximately). If we divide a population into subpopulations and calculate an epidemiologic measure for the whole population and for each of the subpopulations, then it is often the case* that the crude measure in the whole population can be expressed as a weighted average of that measure across the subpopulations, where each subpopulation measure is weighted by the proportion it makes up of the whole population. A simpler way to state this might be:

 

Suppose population P (of size p, i.e., p people) is composed of three subpopulations, A (size a), B (size b), and C (size c), so that p=a+b+c.

 

Suppose we calculate an epidemiologic measure (e.g., mortality rate) for subgroups A, B , and C and also for the whole population, P. Then the mortality rate for P (let’s call it mP) can usually be expressed as a weighted average of the mortality rates for A, B, and C (mA, mB, mC) where the weights are the subpopulation proportions:

 

mP = (a/p) mA + (b/p) mB + (c/p) mC

 

a/p is subpopulation A’s proportionate size in population P.  So if the populations have sizes 20,000 (a), 30,000 (b), and 50,000 (c), for a total of 100,000 (p), then the crude mortality rate for P (mP) would be:

 

mP = (20,000/100,000) mA + (30,000/100,000) mB + (50,000/100,000) mC

 

Note that 20,000/100,000 + 30,000/100,000 + 50,000/100,000 = 100,000/100,000 = 1, as they must for a weighted average, so the formula could be written:

 

mP = 0.2mA  +  0.3mB  +  0.5mC

 

If the mortality rates for A, B, and C are mA=40 per 1,000/year, mB=30 per 1,000/year, mC=10 per 1,000/year, then the crude mortality rate will be 0.2 x 40 + 0.3 x 30 + 0.5 x 10 = 22 per 1,000/year. (Remember to keep the units and scaling.)
 

You can also compute the number of deaths in each subpopulation (e.g., deaths = mA x A = 40 per 1,000/year x 20,000 people in A = 800 deaths in subpopulation A). Summing these numbers across the subpopulations yields the total number of deaths in the entire population, which can then be used to compute the crude mortality rate as the total number of deaths (2,200) divided by 100,000/year.

 

The above numerical example illustrates that the crude mortality rate can be expressed as a weighted average of the subpopulation-specific mortality rates weighted by subpopulation sizes. The subpopulations can be age groups, gender groups (female, male, prefer not to state), etc. The larger the proportionate size of the subpopulation, the more the crude rate reflects that subpopulation’s rate.
 

Because the crude mortality rate (as well as the crude birth rate, general fertility rate, crude rates of reportable diseases, etc.) is influenced by the composition of the population, comparisons across populations will reflect differences in population composition (e.g., age distribution). If that influence would be a distraction, as it often is, then we want to use measures that are not as affected by population composition.

 

We can use subpopulation-specific measures (e.g., mortality rate for age 45-49 year olds, age-specific fertility rate), but that could make for many separate comparisons. For a summary comparison we want a measure that reduces the influence of population composition. Such a measure is called “adjusted” (e.g., “age-adjusted mortality rate”).

 

One commonly used type of adjusted measure is a “standardized” measure. Standardization makes use of the concept that the crude measure is a weighted average of the measures across the subpopulations. But instead of letting the weights for that average be the subpopulation proportions, which differ across the populations being compared, the same set of weights is used for the standardized measure for each population compared. The weights are a set of proportions that sum to 1.0, but they are often expressed as percentages or as a “standard population” whose distribution is used as the weights. The key is that by creating weighted averages using a single set of weights, we reduce the influence of population composition on the comparison.

 

An important footnote is to be aware that the relative sizes of the weights do typically influence the resulting standardized measures and the comparison. For example a “standard population” in which group A predominates will give a different result from a standard population in which group B predominates, etc. For further explanation of this point and other aspects of standardization, see the relevant chapter in Understanding the Fundamentals of Epidemiology: An Evolving Text (at www.epidemiolog.net).
 
Key points:

1)      Overall measures are typically influenced by population composition.

2)      The values of the measure for the subpopulations are the “underlying realities”.

3)      Standardized measures are weighted averages of those “underlying realities” constructed with a fixed set of weights (proportions).

4)      Such weighted averages (standardized measures) are therefore unaffected by differences in composition of the populations being compared, though the choice of weights (the “standard population”) determines which subpopulation rates are most influential in the resulting weighted average.
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P.S. A familiar example of weighted averages is the typical GPA. Here is a GPA calculator I found on the web, in case you’d like to experiment:  http://www.unc.edu/~chendel/GPA.html  There is also a spreadsheet with an age standardization example linked from the page where this was linked.
