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Rate and relative rate

Our definition of risk in section 3.1 uses the proportion who have disease among so many individuals
at risk. In some situations, we know the number who have disease but not know the exact number at
risk; that is, we know the numerator but not the denominator required to find the risk. Instead, we
may have an estimate of the number at risk, typically the mind-year population of the at risk group.

This gives rise to the estimate of a disease rate.

p=elp (3.28)

where e is the number of events (a count of the number of case of disease) and p is the mind-year

definition of the prevalence rate given by (1.1), when the disease.

Table 3.15 Demographic data and derived mortality rate for Scotsmen in 1995.

Mortality rate
Age group Number of deaths Mid-year
(per thousand)
(years) population
CHD Total CHD Total
40-44 81 419 166 582 0.5 2.5
45-49 190 736 173 587 1.1 4.2
50-54 294 1010 141 048 2.1 7.2
55-59 515 1613 131 738 39 12.2
60-64 823 2531 121 420 6.8 20.8
65-69 1222 1222 108 649 11.2 343
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Source: General Register Office for Scotland (Crown Copyright).

count is a particular time, and of incidence rate given by (1.2), count the disease count is the number
of new case within a particular time period. In general, the rate and the risk will be different, one will

be a good approximation of the other.

Example 3.18 Table 3.15 gives data on the male population of Scotland in 1995. These data come
form routine sources, including death registrations and the Census. The final two columns are
calculation using (3.28), giving a cause specific and overall mortality rate, respectively, for each 5-

year age group. The mid-year population acts the denominator for both of these incidence rates.
If the disease events occur randomly and independently, a reason able assumption is that

their number follows a Position distribution (Clarke and Cooke, 1998). Assuming that the

denominator is a fixed know quantity, the estimated standard error of the disease rate is then

se(p) = e/ \/p.

We can find approximate 95 % confidence limits for the number of events, (e, , ), from

[¢]
Il

[ 196 -Ve T
3
[ 196 +Ver1 T, (3.29)

2

o
Il
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Giving 95 % confidence limits for the disease rate of (p, , p,) where

e /p,
e,/ p- (3.30)

PL

Py

This uses a normal approximation, which works well for e > 100. Different percentage confidence
limits are, as usual, obtained by replacing 1.96 by the appropriate percentage point in (3.29). Exact
values of (e, , e,) come from tables of the Position distribution : see Altman et al. (2000).

Suppose that we have data from two groups. For example, group 1 might be those exposed,
and group 2 those unexposed, to some risk factor. In group 1, there are e, events, the mind-year
population is p,and the estimate disease rate is thus p, = e /p, and similarly for group 2 with ‘2’

subscripts. The estimated relative rate, group 2 compared to group 1, is then

® = D, = [p]le,]

P, P, € (33D

Consider the probability that. When an event occurs, it occurs in group 2. Call this quantity

IT. From sample data, it is estimated by
I = e,/(e +e,) (3.32)

An approximate 95% confidence interval for I'T comes from (2.2). Let the 95 % confidence limits be

(TIT , IT)). Comparing (3.31) and (3.32) shows that

6 - [n]ln]
D, 1-TT
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Thus, the 95% confidence limits ( @, ,0,) for the relative rate are

W, 5 [ P, ] [ It ]

b, I-IT (3.33)
W, - [ P, ] [ IT, ]

p, 1- IT,

Example 3.19 Suppose that we wished to compare national male and female coronary death rates
amongst 40- to 59- year-olds in Scotland. Table 3.16 gives relevant data (the male data may also be
derived from Table 3.15).

Considering 1995 as a sample year, we can estimate coronary death rates by sex group and
the relative rate of coronary death. From (3.28), the rate for men is 1080 /612955 = 1.76 per

thousand. From (3.28), the 95 % confidence limits of the number of male death is (e ,¢,) where

e = (1.96 - \/ 1080 ) ? =1016.548
2
\/ 2
€y = ( 1._96 + N 1080 ) =1146.402
2

Hence. Using (3.30) , the 95 % confidence interval for the male coronary death rate is obtained by
dividing each of the preceding by 612 955 — that is, ( 1.66 , 1.87 ) per thousand. Similar calculations
give the estimated female coronary rate (with 95% confidence interval) as 0.483 (0.430 , 0.540) per
thousand.

The estimate coronary death relative rate for compared to women is, from (3.31)

e
I

634103 x 1080 = 3.65

612955 306
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As expected, except for rounding error, this is equal to the ratio of the male and female rates (that is,
1.76 /0.483). Middle-aged men are thus 3.65 times as likely to die from a coronary attack as are

women, in Scotland.

Table 3.16 Demographic data for Scots aged 40-59 years in 1995.

CHD death Mid-year population
Women 306 634 103
Men 1080 612 955

Sources : General Register Office for Scotland (Crown Copyright).

The estimate proportion of coronary deaths that are male is IT = 1080 /(1080+306) =
0.77922, from (3.32). An approximate 95 % confidence interval (IT ,IT,) for the proportion of

deaths that are male comes from (2.2) :

0.77922 - 1.96 \/ 0.77922 (1 -0.77922) / 1386

!
I

= 0.77922 - 0.02184 = 0.75738 ;

and so

—
I

0.77922 +0.02184 0.80106.

From (3.33), the 95 % confidence interval for the coronary death relative rate, comparing men to

women, is ( 0, ,0,) where

w, = 634103 x 0.75738 = 3.23,
612955 1-0.75738
@, = 634103 x 0.80106 = 4.17.

612955 1-0.80106
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In many cases, a reasonable assumption is that the relative rate is a good approximation to
the relative risk. Then, by analogy with (3.27), an attributable risk might be estimate from data on

disease rates as

p (W-1)
1+ p, (@W-1)

3.8.1 The general epidemiological rate

So far we have looked at rate in which the denominator is the population at risk. More generally, an
epidemiological rate is any quotient where the denominator is assumed to be fixed and the numerator
is a count of the number of events, this being a random variable. The estimate rate compares the
observed value of the numerator to this fixed denominator. The denominator dose not need to be in
the same units of measurement as the numerators, although the comparison achieved must have some
physical interpretation to be useful. In Section 5.6, we shall see another kind of the epidemiological

rate in which the denominator is the number of person-years of observation.
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