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Tools of the Trade: 

COMPARING CRUDE RATES or RATIOS 

Part I: Dependent Rates 

When comparing two observed, crude (non-adjusted) dependent rates or ratios for different areas 
or times, such as comparing the crude death rate for a particular county with the state's crude 
death rate, determining whether a significant difference exists between the two crude rates or 
whether the difference is caused solely by chance requires different and rather complex statistical 
computation. Two crude rates or ratios are considered dependent (not independent) when the 
same events are included in their numerators, such as occurs with a state rate and a county rate or 
with rates that share or overlap the same time periods, i.e., two multi-year summary crude death 
rates for the state -- one for 1970-1975, the other for 1970-1979. 

A crude rate is easily computed and usually based on the number of vital events and the total 
population for a specific area or group, i.e., number of births or deaths among a specific 
population. A ratio is simply a proportion or percentage, usually a rate per 100. 

The number of events upon which the two crude rates or ratios are based is of primary 
importance. The statistical formula for determining significance will change depending upon the 
value of this number. We will discuss the calculation of significance between two observed, 
dependent rates based on a small number of events first, since this situation occurs much more 
frequently when comparing annual vital statistics for counties and other local areas to the state or 
nation. Before we proceed, the user should understand that these statistical tools for analyzing 
rates are crude and rather conservative approaches. A user may wish to utilize the more precise 
and sophisticated calculations performed by computer software such as SPSS or SAS. 

Comparison of Dependent Crude Rates or Ratios Based on 10-99 Events 

When comparing an observed crude rate or ratio based on 10-99 events (i.e., births or deaths in 
the numerator) for a county or other local area to the corresponding state or national rate, the 
actual numbers of events are used to calculate significance. Exactly what is considered a small 
number of events is arbitrary but, as a general rule, we define "small number" as less than 100 
events. The formula for this situation, shown below, does not look very complicated but further 
scrutiny will disclose some complexity: 

µ = (o - e) / square root of e 

where: 
o = the number of events for the county or local area to be compared  
e = the expected or standard number of events for the county or local area (based on the state or 
national rate) 

The value for o is an easily available figure, however, e must be specially computed. To compute 
the expected or standard number of events for the county based on a state or national rate, first 
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change the state rate to a percentage or rate per person. For example, if the state rate was 14.5 per 
1,000 population, simply divide 14.5 by 1,000; the result is 0.0145 (If comparing percentages, 
divide the state percentage by 100). Then, multiply the value of the denominator in the county 
rate or percentage (the population or total events used to compute the rate or ratio) by this figure 
to obtain the value for e or the expected number of events for the county. 

As an example for computation, let's use Dauphin County's neonatal death rate in 1987 which 
was 10.2 per 1,000 resident live births in 1987. This rate was based on 35 resident neonatal 
deaths occurring among 3,431 resident live births in the county. The comparable state rate that 
year was 7.2. Step-by-step computation would yield the following results: 

o = 35 
e = (7.2/1,000) or 0.0072 x 3,431 = 24.7 

1. square root of e = square root of 24.7 = 4.97 

2. (o - e) = 35 - 24.70 = 10.3 

3. (o - e) / (square root of e) = 10.3/4.97 = 2.07 or µ 

If µ has a value greater than ±1.96, the county rate is considered to differ significantly at a 95% 
confidence level from the state rate to which it is being compared. If µ has a value above ±2.33, 
the rate differs significantly at the 98% confidence level; and, if the value is higher than ±2.58, 
then the rate differs significantly at the 99% confidence level. Since the value of µ in the above 
computation exceeds the value of 1.96, it can be stated that the difference between Dauphin 
County's neonatal death rate in 1987 and the state's rate was significant at the 95% confidence 
level. In other words, the user can be 95% confident that Dauphin County’s true 1987 neonatal 
death rate was significantly higher than the 1987 neonatal death rate for the state. 

Comparison of Dependent Crude Rates or Ratios Based on 100 or More Events 

Again, what constitutes a large number of events is not definitive but we will use the rule of 100 
or more. Also, as was stated earlier, the statistical computation for these situations can become 
rather complex and the formula, shown below, for determining the significance between two 
observed, dependent rates with 100 or more events in the numerator confirms that statement: 

µ = (r - s) x square root of (n / (s - s2)) 

where:  
r = the county or local rate to be compared expressed as a rate per person 
s = the state (or national, regional, etc.) rate expressed as a rate per person 
n = the denominator of the county or local rate (population used for computing the rate) 

As the example for this computation, let's use the five-year (1983-1987) summary neonatal death 
rate for Dauphin County which was 8.4 per 1,000 resident live births. This rate was based on 142 
resident neonatal deaths among 16,829 resident live births during the years 1983-1987. The 
corresponding five-year summary rate for the state was 73. Can it be stated with a certain amount 
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of confidence that Dauphin County’s five-year neonatal death rate was significantly higher than 
the state's rate as it was for the one year of 1987? Before we proceed step-by-step through the 
computation to determine this, it should be noted that the rates used in the above formula are first 
changed to a percentage or a rate per person, as we did in one of the steps for the previous 
formula. In other words, since the infant death rates are per 1,000, simply divide each rate by 
1,000 and use the dividends in the calculation. For ratios or percentages, divide by 100. In this 
example, Dauphin County’s rate of 8.4 becomes 0.0084 or the value for r and the state rate 
becomes 0.0073 or the value for s. With this in mind, here's the calculation: 

r = 0.0084  
s = 0.0073  
n = 16,829 

1. s2 = 0.007322 = 0.0073 x 0.0073 = 0.000053 

2. s - s2 = 0.0073 - 0.000053 = 0.007247 

3. n / (s - s2) = 16,829 / 0.007247 = 2,322,202.291 

4. square root of (n / (s - s2)) = square root of 2,322,202.291 = 1,523.877 

5. (r - s) = 0.0084 - 0.0073 = 0.0011 

6. (r - s) x square root of (n / (s - s2)) = 0.0011 x 1,523.877 = 1.68 or µ 

Determining significance based on the value of µ follows the same rules as listed above in 
comparing rates with a small number of events, i.e., if µ exceeds ±1.96, the rate differs 
significantly at the 95% confidence level, etc. Therefore, since the value of 1.68 does not exceed 
1.96, we can state, with 95% confidence, that Dauphin County’s five-year summary neonatal 
death rate was not significantly different than the corresponding rate for the state. This is in 
contrast to the results for the single year rate of 1987 where the rates were considered 
significantly different at a 95% level of confidence. 

Summary 

Even though the computations explained here may seem complicated or unnecessary to you, 
please remember that decisions based on crude figures without any basic analysis can waste 
resources and limit your effectiveness in dealing with public health problems. Keep in mind also 
what was pointed out earlier in this article about the crudeness of these formulas. And by the 
way, in case you're thinking about using the above formulas in comparing two rates for two 
different counties, forget it! The formulas change again for independent rates -- two rates that do 
not include any of the same events in their numerator. See Part II of "Comparing Crude Rates or 
Ratios." 

For more detailed information on comparing rates, see Epidemiology in Health Services 
Management by G. E. Alan Dever, Aspen Systems Corporation, Rockville, Maryland, 1984. 

http://www.portal.state.pa.us/portal/server.pt?open=18&objID=635069&mode=2

