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For awide variety of genetic and developmenta disorders such as chromosoma disorders and
spontaneous mutations no clear cause exigts for the occurrence of the disorder. Since the specific way
these disorders are transmitted from the parents to the children does not follow any datigtica patterns
of inheritance, the genetic counselor is left with a difficult question when patients ask about the risk
having another child with the same disorder. It is therefore a common practice among genetic
counsdlors to smply quote a 1% recurrence risk to patients who have had a child with any of these
types of disorders. It may at first seem that the 1% figure is of avery ad hoc nature and that it would be
preferable to be able to give more precise risk of recurrence. However, the redlity is that with the very
small probabilitiesinvolved with most genetic disorders, it is not possible to obtain large enough sample
gzesto be able to cite precise recurrence risks with any degree of Satistical certainty. The purpose of
this paper isto present agatistical mode that details the reasons for not specifying more exact
recurrence risks for these types of disorders and to provide support for the practice of many counsdlors
of generdly quoting a 1% recurrence risk for patients who have had one child with the disorder.

Asthis paper is directed towards an audience without a strong statistical background, the exact
mathematics for the satistica modelsin this paper is left for the gppendix. It is, however, worthwhile to
review severd terms from the language of satistics. A Type Il error occurs when one rgjects a
particular scientific hypothesis (caled the null hypothesis) when that hypothesisis actudly true. The
significance of a datistica test isthe probability that a Type Il error occurs. A Type | error occurs
when a one does not rgject a hypothesisthat is false. The power of adatigticad test isthe probability
that afase hypothesisisrgected which isthe same as the probability of not making aType| error.

Suppose aresearcher wishes to test whether there is a higher probability of a particular
disorder among patients who have previoudy had a child with this disorder than among the generd
population. To test this question, the researcher would first make the hypothesis thet the prevaence of

Victor Matheson, “ Genetic Counseling and Recurrence Risk,” Draft 1, November 13, 1997, Page 1



the disorder is the same in both groups and would then collect data on subsequent births to patients
who have aready had one child with the disorder in an attempt to disprove that hypothesis.

However, from agatigica point of view, it is not enough to smply show that the proportion of
affected children in the sample collected is higher than the proportion of affected children in regular
population. Even if aresearcher takes completely random samples from a population dl of whom have
the same risk, some samples will have more affected individuas than other samples smply by chance.
A researcher will conclude that a sample comes from a population with a significantly higher risk only if
the sample contains so many affected individuas thet it would be very unlikely that a sample with that
many affected individuas could be drawn by chance from a population with the same risk asthe generd
population.

It isacommon practice to use a 5% significance level in hypothesis testing. Thus, the researcher
would conclude that the recurrence risk is higher than the risk for the generd population only if the
sample collected showed such a high number of affected children that the probability of collecting a
random sample with so many affected children from a population that had no higher risk of the disorder
than the general population was 5% or less.

Asis clear from the example above, hypothesis testing is based on very conservative principles.
Statisticians are reluctant to accept data that suggests that some groups may be at ahigher risk for a
genetic disorder unless the data clearly shows that the group must have ahigher risk at a sufficiently low
sgnificance level. By choosing to reject the hypothesis that there is no increased risk of having a second
child with adisorder only & very low significance levels, researchers seek to reduce the chance that a
Type Il error will be made. In other words, they want to minimize the chance that they will conclude
that there is an increased risk of recurrence when there actudly is not any increased risk for a
reoccurence of the disorder in subsequent pregnancies.

Of course, the price that researchers must pay for requiring low significance levels before
concluding that there is an increased recurrence risk isthat data that suggests arecurrence risk thet is
higher than therisk for the populaion as awhole may be dismissed as“ gatidicdly inggnificant”
because it does not meet the criteria for a specific sgnificance level. Therefore, researchers may often

make Type | errors by concluding that thereis no difference between the recurrence risk and the risk
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for the generd population when, in fact, the recurrence risk is higher than that of the genera population.
This dl boils down to the fact that there is adirect trade-off between the significance and the power of
adatistica test and the only way to improve both is to increase the size of the research study.

If the solution to the problem of the trade-off between power and significance of adtatistical test
isas 9mple asincreasing sample sze, it may be tempting to conclude that thisis a non-issue.
Unfortunately, when dedling with events that occur rdaively infrequently such as genetic disorders, the
sample sizes required in order to conclude whether or not a particular disorder is associated with an
increase recurrence risk at satisfactory levels of significance and power are prohibitively large.

Suppose that a certain disorder occursin 1 out of 1,000 pregnancies. Now suppose that
researcher examines 10,000 pregnancies from patients who have previoudy had a child with that
particular disorder. Since the disorder occursin 1 out of 1,000 pregnancies, one would expect 10
pregnancies in the sample to have the disorder. However, one would not conclude that the sample
comes from a group with agtatigticaly higher risk a the 5% sgnificance level unless 15 or more
pregnancies in the sample had the disorder. At the 1% sgnificance level 18 pregnancies with the
disorder would be required. (See Appendix A.)

Now suppose that in redlity patients who have had one child with the disorder have a 50%
higher chance of having a subsequent child with the disorder than the generd population (i.e,, the risk
rises from 1 out of 1,000 pregnanciesto 1 out of 667 pregnancies.) Only 53% of the timewould a
sample of 10,000 pregnancies from a population where 1 of 667 pregnancies are affected have the 15
or more affected pregnancies required to rgect the hypothesis that the recurrence risk is no higher than
the general population risk. In other words, even with a huge sample of 10,000 cases, a datistical test
that checks whether the recurrence risk is higher than the risk for the generd population a the 5%
ggnificance level has apower of only 53% even when the recurrence risk is truly 50% higher than the
generd population. In order to make a datistica study that would have a power of 95% while till
maintaining a Sgnificance level of 5%, a sample sze of 51,059 individuas would be needed.

Table 1 presents the sample sizes necessary in order to congtruct a statistical test that has a
sgnificance of 5% and a power of 95% for a disorders that range from a frequency in the generd

population of 1 in 1,000 to 1 in 50,000. For each frequency, the required sample size is caculated on
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the assumption that the recurrence risk ranges from 1.5 times to 100 timesthe risk for the genera
population. The find column isthe number of casesin tota (both from firg-time cases and recurrences)

one would expect in the United States in a given year for each frequency based on an estimate of
4,000,000 births each year.

Tablel Recurrence risk as multiple of genera population risk
Prevalencein Annud
Genera Population 1.5x risk 2xrisk  b5xrisk  10xrisk  100xrisk | Cases
1lin 1,000 live births 51,059 13,936 1,256 473 29 4,000
1lin 5,000 live births 255,323 69,695 6,294 2,371 149 800
1in 10,000 live births >500,000 139,392 12,590 4,742 299 400
1in 25,000 live births >500,000 348,487 31,477 11,858 748 160
1in 50,000 live births >500,000 >500,000 62,956 23,718 1,497 80

Severd results should be obvious from the chart. Firdt, the required sample szesrisein direct
proportion with the prevaence of the disorder in the generd population. Ten times as much datais
required to detect a disorder that occursin 1in 1,000 births than 1 in 10,000 births. Next, the required
sample szes rise more than proportiondly as the recurrence risk as amulltiple of the generd population
risk falls. More than twice as much datais required to detect a disorder in which the recurrencerisk is
50% higher than the risk for the genera population than a disorder in which the recurrence is 100%
higher than the risk for the generd population.

Mogt importantly, for many combinations of recurrence risk and generd population risk, the
required sample size far exceeds the number of annua cases. The practical significance of thisresult is
clear. The only way that aresearcher can test the hypothesis that the recurrence risk is higher than the
generd population risk is by examining subsequent births to patients who have previoudy had a child
with the disorder. This means that the amount of data a researcher can collect islimited by the number
of subsequent births (or pregnancies) to these patients.

Suppose that a certain disorder occurs at afrequncy of 1 in 10,000 births. Since only 400
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cases occur nationwide in agiven year, even if patients who have one child with the disorder average
two subsequent pregnancies, a researcher would have to gather information on subsequent births for
every sngle patient nationwide who had an affected child over asix year period in order to collect the
4,742 number of cases needed in order to test the hypothesis at a 5% significance and a 95% power.
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