Poisson Distribution
You may have noted that binomial x counts the number of successes out of n. If n becomes extremely large and the probability of success becomes extremely small, ultimately in the limit we get a Poisson distribution. Application wise, if migraine occurs 3 times in a year on average in established cases, the probability that it will occur 6 or more times in a year in a random case can be obtained by Poisson distribution. This distribution is given by



Poisson distribution: P(x/μ) = 
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where μ is the mean. In migraine example,



P(x ≥ 6/μ =3) = 1 – P(x ≤ 5/μ =3) by complementary rule
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= 1 – e-3(1 + 3 + 
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= 1 – 0.0498 (18.4





= 0.084.

Thus the chance is nearly 8.4% that a random migraine patient from this ‘population’ will have 6 or more attacks during one year. Poisson tables are available in statistical books to give you these probabilities. Statistical packages in any case have provision to give you Poisson probabilities. The value of μ, being the average, does not have to be an integer. In most situations this will be in decimals.

Mean μ of Poisson is estimated by sample mean 
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as usual and the variance of Poisson is also μ so that its estimate is also
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. Equality of mean and variance is considered a defining property of Poisson. In any set of data on rate where mean and variance are nearly equal, you should especially look for Poisson distribution. Examples of Poisson variable are

(i) number of deaths occurring in a hospital per day;

(ii) number of myocardial infarction cases arriving in a hospital per day;

(iii) number of measles cases occurring in a city per year;

(iv) number of handicap persons per 1000 population.

In most practical situations where Poisson is applicable, the mean would be small, possibly less than one. If it gets bigger, say more than 10, the Poisson too tends to behave in the same manner as Gaussian. For example, if μ = 20, then for Poisson σ2 = 20 and by Gaussian approximation the chance that this number is 15 or less in a specific case is


P(x ≤ 15) = P(x < 15.5) with continuity correction



    = P(z < 
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    = P(z < −1.01)



    = 0.1562.

Exact answer with Poisson tables is 0.157. Gaussian approximation is not far off.

Despite a clear and useful application of Poisson to rare events, use of this distribution in medicine has been infrequent. I do not discuss this distribution further in this text.
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