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Summary-An increasingly popular research method for identifying etiologic heterogeneity in
psychiatric illness has been to compare the frequency of a risk factor in affected individuals with
no affected relatives (sporadic cases) and in affected individuals with one or more affected relatives
(familial cases). This paper presents a power analysis of this familial vs sporadic method, assuming
a multifactorial model with a normally distributed liability to illness resulting from the additive
effect of polygenes and multiple environmental factors. Various parameter estimates for a risk factor
that identifies a component of either the genetic or the environmental contribution to disease liability
are examined. Almost without exception, large sample sizes of probands and relatives need to be
studied to have a substantial probability of detecting etiologic heterogeneity. The required sample
size decreases dramatically when monozygotic twins are studied. If the multifactorial model accurately
depicts the etiology for psychiatric disorders, these results suggest that the familial versus sporadic
design is useful only when pursued in the context of large sample nuclear family studies or studies
of monozygotic twins.
IT IS WIDELY believed that the major psychiatric syndromes such as schizophrenia, affective
disorders and alcoholism are etiologically heterogenous. Evidence from family, twin and
adoption studies suggest that genetic factors contribute to the liability to these disorders
(GERSHON, 1983; GOODWIN, 1982). However, concordance rates of less than 100070 in
monozygotic twins provide conclusive evidence for the operation of environmental factors
in the etiology of these conditions. Furthermore, evidence has accumulated that identifiable
environmental events, such as perinatal trauma (McNEIL and KArr, 1978), life stress (BROWN
et al., 1973), or rearing environment (PARKER, 1979) may contribute to the liability to these
disorders.
One way in which the interaction of genetic predisposition and environmental stress has
been conceptualized has been the "stress-diathesis" model (ROSENTHAL, 1963). This model
predicts a disorder will develop when a genetically predisposed individual is exposed to
certain environmental stressors. A plausible extension of this model, which is both intuitively
appealing and consistent with clinical experience, is that there is an etiologic continum in
the major psychiatric disorders. On one end of the continuum are patients in whom genetic
factors appear overwhelmingly important, and in whom little evidence can be found for
any substantial environmental stress. On the other end of this continuum are patients for
whom environmental factors appear to playa major etiologic role in their disorders, and
in whom there is no apparent evidence for the operation of genetic factors.
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While this model has considerable appeal, it has proved difficult to test empirically. One
such method that has been applied more frequently in recent years is what we termed in
this paper the "familial vs sporadic" classification. Basically, this method is to divide a
patient cohort on the basis of presence (familial) or absence (sporadic) of an affected relative.
The two groups of patients are then compared on a variety of "markers" such as
symptomatology, psychomotor performance, history of birth trauma, BEGs, or certain
biochemical variables. If any of these markers are significantly more common in the sporadic
than in the familial cases, then the claim is usually made that this marker reflects, directly
or indirectly, the environmental stress that contributed to the onset of the disorder in the
sporadic cases. On the other hand, if any of the markers are significantly more common
in the familial cases, then it is usually asserted that this marker reflects, directly or indirectly,
the genetic diathesis to the disorder.
In a recent report that utilized this method in an investigation of schizophrenia, KENDLER
and HAYS (1982) pointed out three of the more obvious limitations of this method. First,
because of differences in family size and age of family members, families frequently contain
different amounts of information. For example, two patients could both be classified as
sporadic when one had no siblings and both his parents died prior to completing their age
of risk for schizophrenia and the other had six siblings and both parents living and having
completed their age of risk. Se~ond, factors other than genes could produce familial cases.
A form of schizophrenia due to a virus or transmitted psychological factors could also
be expected to run in families. Third, genes could playa major role in the etiology of
"sporadic" cases. This might occur because the family size was too small or because relatives
were too young to have developed the disorder. More importantly, all modes of genetic
transmission, except that of a fully penetrant Mendelian dominant gene, predict that
individuals whose disorder is largely genetic in etiology may, nonetheless, frequently have
no affected relatives.
In this report, we further pursue, in a more quantitative fashion, an evaluation of the
power of the familial vs sporadic classification. We show that given the assumptions of
the model used the power of this method is relatively weak except in a few specific situations.
Furthermore, we demonstrate that the power of the method is greatly enhanced when instead
of studying patients and their first-degree relatives, affected monozygotic twins and their
co-twins are examined.
METHODS

For the sake of clarity, we begin with several definitions. In this report, a familial case
is defined as one in which a first-degree relative (or co-twin) is affected with the same
disorder suffered by the patient. A sporadic case is defined as one in which no first-degree
relative (or co-twin) is affected with the same disorder suffered by the patient. Thus, familial
and sporadic are defined on the basis of the presence or absence of affected relatives. Our
usage of the term "sporadic" therefore differs from its use by geneticists where it describes
individuals who are affected despite the presence of a "normal" genotype. A "marker"
is defined as any measurable variable, the presence of which can be compared in cases
defined as familial vs sporadic. A marker may either be more common in sporadic cases
(i.e. a sporadic marker) or more common in familial cases (i.e. a familial marker).
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Although variable age at onset is a feature of virtually all major psychiatric disorders,
this complication will not be considered in this report. We assume that all individuals who
eventually will become affected are affected at the time of examination. This assumption
will bias our results toward showing greater power for the familial vs sporadic classification.
Furthermore, we assume that the environment variables that are etiologically important
to the disorder under discussion are all "random" in nature and uncorrelated in families.
Therefore, we will not be considering cases where the clustering of affected relatives in
a family results from shared environment and not shared genetic factors. This assumption
should also bias our results toward showing greater power for the familial vs sporadic
classification. In this report, we will only examine monozygotic twins and first-degree
relatives because more distant relatives are less genetically informative and reliable
information about them is usually difficult to obtain.
No analysis of a familial research design such as the familial vs sporadic classification
is possible without a quantitative model for the transmission of the disorder and the
associated marker. Most genetic models for the transmission of psychiatric illness fall into
two broad categories: major gene models in which environmental factors effect the
expression or "penetrance" of the genotype and polygenic threshold models in which
multiple genetic and environmental factors each of small effect both contribute to a
postulated underlying normally distributed liability to the disease. Models of the first type
are specified in terms of gene frequencies and the probabilities that each genotype will
develop the disease (i.e. the penetrance). Models of the second type are expressed in terms
of variance components or path coefficients which specify the relative contributions of
the genetic, familial and random environmental variables to the latent underlying liability.
Within broad limits, models of both types can encompass the same data by appropriate
adjustment of parameters (SMITH, 1971).
In developing our power analysis for the familial vs sporadic classification, we adopt
a simple path model for the relationship between the marker and the liability to a given
psychiatric disorder. We assume that the genetic transmission of the liability to the disorder
results from the additive effects of alleles at many loci. Any individuals who for genetic
and/or environmental reasons exceeds the given threshold of manifestation, L, develops
the disorder. Thus, our model assumes that genetic and environmental factors cOlnbine
additively to contribute to liability to the disorder. As noted above, the environment is
assumed to be uncorrelated in families. Furthermore, we assume for the sake of simplicity
that mating is random, and that all diagnoses are made without error.
The elements of this model are expressed in the path diagram pictured in Fig. 1. D
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FIG. 1. Path model for the contribution of the risk factor (R) to disease liability (D) for a pair of relatives. See

text for definition of other terms.
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represents the liability to the disease in two relatives chosen at random from the population
without regard to disease status. D is determined by three other variables: R, G and E.
R is the hypothesized risk factor which is operative in both relatives but in the traditional
familial vs sporadic design is only measured in the proband. G represents residual genetic
effects which contribute to disease liability independent of that contributed by the risk
factor. E represents random environment effects on disease liability which are independent
of the risk factor. g is the additive genetic correlation between the relatives which will be
0.5 for first-degree relatives and 1.0 for MZ twins. The path coefficients from R, G and
E to D are represented, respectively, by the parailleters r, hand e. The risk factor R is
in turn determined by two variables: E' and G '. E' represents random environmental effects
on the risk factor while G ' represents the effect of additive genetic factors on R. The paths
between E I and G' and R are, respectively, represented by the parameters e I and hr'
This model is general and does not assume that the risk factor is the only genetic or
only environmental contributor to liability nor does it assume that the risk factor itself is
due entirely to genetic or environmental factors. By setting h r to zero, the risk factor
becomes uncorrelated in relatives. By setting h r to 1 the risk factor becomes entirely
environmental in origin and therefore the risk factor becomes entirely heritable and the
correlation in risk factor in relatives is equal to their genetic correlation; g. When both
h r and e are set to zero, the risk factor accounts for all the environmental contribution
to liability. When h is set to zero and h r is greater than zero, then the risk factor accounts
for all the genetic contribution to liability.
By the rules of path analysis (LI, 1975), the correlations can be derived for disease liability
(D) and risk factor (R) for a population of pairs of relatives unselected with respect to
their disease status (see Table 1). These correlations must be derived before we consider
the effects on risk factor levels of selecting only families with affected individuals. In order
to work out the predicted patterns for a study using the familial vs sporadic classification,
we need to assess numerical values to the contributions of the risk factor and other genetic
and environmental components to liability. We do this by setting values for rand h, where
e is obtained by the difference because: r2 + h2 + 22 = 1, assuming in a simple treatment
that genes and environment are uncorrelated and act additively. The overall contribution
of genetic factors to decrease liability is H = h 2 + r 2 h 2 • Substitution of these values in
the formulae for the correlations given in Table 1 give an expected correlation matrix
between relatives for the risk factor and disease liability, given the assumed values of the
paths pictured in Fig. 1.
TABLE

1.

EXPECTED CORRELATION BETWEEN RELATIVES FOR RISK FACTOR AND DISEASE
LIABILITY

Relative

*

First

R
R
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D
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*Derived from model in Fig. 1.
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Starting from the unselected population whose correlation matrix is R~ we may work
out how many families of a given composition are expected to be familial and sporadic,
and for each group we may compute the proportion of probands expected to exceed some
predetermined risk factor score. Then, for a given hypothesized sample size, we can compute
the expected value of the chi-square statistic which tests for association between risk factor
and family history. Simple manipulations of this expected chi-square value can then be
conducted to determine the sample size needed for the familial vs sporadic method to yield
significant results sufficiently often to make the experiment a worthwhile investment.
In our analysis, we assumed families were ascertained through a single proband, then
family histories were taken and the risk factor measured on the proband alone. In general,
under the multifactorial liability model postulated in our treatment, the probability that
a randomly selected individual from the population will have the disease is:
00

u=J ¢ (x) dx

where t is the threshold value on the scale of liability beyond which individuals are expected
to have the disease and x denotes liability in individuals. ¢(x) dx is the normal probability
function with mean zero and unit standard deviation. In our example we assume that
p = 1070, corresponding roughly to the life-time risk for schizophrenia. From tables of the
normal distribution we find that t = 2.326.
If, for an initial treatment, we assume that only families of two individuals are studied,
the probability that both individuals will be affected is:
00 00

v = Jf ¢

(x~ y~ g) dydx

t t

where x denotes the liability of individuals from whom probands are selected, y the liability
of their relatives, and g the correlation between relatives of given degree with respect to
disease liability. ¢ (x~ y~ Q) is the bivariate normal probability function which describes
the population distribution of disease liability for pairs of unselected relatives.
If we assume that the values of the risk factor are normally distributed and scaled to
zero mean and unit variance, a similar argument to the above may be used to determine
the risk factor value beyond which individuals are identified as "high risk" (R +). We
assume, for our initial calculations, that anyone whose risk factor exceeds that of 90070
of an unselected population is designated R + and all others are' 'low risk" (R - ). On
a scale of zero mean and unit standard deviation, the "threshold of high risk" may be
found from tables to be s = 1.282.
Now, in a population of pairs of relatives unselected for disease status and risk factor,
the proportion, w~ of pairs in which both relatives are affected by the disease and the first
relative (i.e. the proband) has elevated risk is given by:
00 00 00

w=JJ J¢(x~ y~ z~ g, Q') dzdydx
tt

s

The risk factor levels of the first-degree relative are denoted by z~ and ¢(x~ y~ z~ Q, Q')
is the trivariate normal probability function. The only new parameter in this formula is
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the correlation in an unselected population between disease liability and risk factor levels.
This correlation is Q' . Similarly, the proportion of individuals with one relative who are
probands with elevated risk and no family history is:

w ' = if f cP(x, y, z,

Q,

Q') dzdydx

Given that the integrals, u, v, wand w' can be obtained, it becomes a simple matter
to compute the expected proportions of probands who are R + sporadic, R - familial
sporadic and, thus, to illustrate the data pattern expected for familial vs sporadic paradigm
under different models for the contribution of genes, environment and marker to disease
liability. In our study, numerical integration was performed on the Department of Human
Genetics' PDP 11-44 computer by Gaussian quadrature employing a FORTRAN 77 program
incorporating a subroutine from the NUMERICAL ALGORITHMS GROUP (1982) library of
subroutines for multidimensional numerical integration.
The proportion of probands who have an affected relative is v/u. The proportion of
probands who are both familial and at high risk is w/u. The proportion of probands who
are both sporadic and at high risk is w' / u. The remaining expected proportions may be
derived as given in Table 2.
TABLE

2.

EXPECTED PROPORTIONS OF HIGH AND LOW RISK PROBANDS WITH AND WITHOUT
AFFECTED FIRST-DEGREE RELATIVES

Relative
Not affected

Affected

High risk

w'/u

w/u

(w+ w ')/u

Low risk

l-(v+w')/u

(v- w)/u

l-(w+w')/u

1-v/u

v/u

Probands

Note: The integrals w, w' and u are obtained from the equation in the text.

In practice, numerical integration is subject to error so we did not obtain all the cells
in the table by difference, choosing rather to obtain the marginal proportions of the rows
directly for both familial and sporadic F - cases as a check on possible errors. Accuracy
can be improved at the cost of more computer time. Our integrals were computed with
as much accuracy as was consistent with a reasonable response time in an interactive program.
For problems involving probands and a single relative (i.e. where the largest number of
dimensions is three) the integrals appear accurate to four to five significant digits. For later
problems, where we consider family histories based on three first-degree relatives, we require
integrals in five dimensions and different estimates of the same integral often differed in
the fourth significant figure. These differences are not serious enough to detract from the
essential findings of this study.
EXAMPLE

The method of power calculation is illustrated by a case in which the assignment to familial
and sporadic is based on examination of a single first-degree relative.
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We imagine that liability to the disease has a heritability of 75fr/o. This figure roughly
corresponds to that derived from many twin studies of schizophrenia (KENDLER, 1983).
We further assume that a risk factor is measured on the probands which explains 10fr/o
of the variation in disease liability. That is, the correlation between the risk factor and
disease liability in the population is assumed to be 0.3126. We then assume, for this
illustration, that the risk factor is purely environmental, i.e. h r = O.
Numerical values of the correlations required to evaluate the integrals are: between
liabilities of first-degree relatives, 0.375, between liability and risk factor measurements
of the same individuals, 0.3126; between liability of randomly chosen individuals and the
risk factor measures of their first-degree relatives, zero. The latter correlation is zero in
this case because we are assuming the risk factor is completely determined by the
environment, i.e. it is an index of sporadic etiology.
Table 3 gives the numbers in the cells of the two-way table which would be expected
if 1000 probands were classified by the disease state of a single first-degree relative as familial
or sporadic and whether or not the proband is in the upper decile for the risk factor (R +
or R -).
TABLE

3.

EXAMPLE OF POWER CALCULATIONS* EXPECTED CONTINGENCY TABLE IN

1000

PATIENTS

Family
History

Low risk

High risk

Total

Sporadic

618.66

303.34

922

Familial
Total

58.73
677.39

19.26
322.60

78
1000

A' = 2.215
For power to be 80070 (0' = 0.05)
require N such that Al = 7.849
Thus: N= i~~~~ x 1000 = 3453 patients.

*Assuming

h2 = 0.75 for disease, h; =
liability. Frequency of disease is 1070.

a for risk factor explaining 10% of disease

If such numbers were tested for association between risk factor and family history by
the conventional chi-square test, we would obtain a chi-sqaure, for one df of 2.215. We
denote this expected value of chi-square based on an arbitrary sample size of 1000 by A.
From published tables (PEARSON and HARTLEY, 1972), we may find the value of Awhich
is needed for the chi-square to be significant at the 5070 level in a given proportion of studies
of the specified dimensions. For example, if we want to be 80fr/o certain of detecting the
specific association at the 5 fr/o significance level, we require that the experiment be large
enough to give A= 7.849 (PEARSON and HARTLEY, 1972). Since A increases linearly with
sample size, we may obtain the sample size required to be 80070 certain of detecting a
differences in risk levels of familial and sporadic probands from:
N = 7.849 x 1000 = 3453 patients.

2.215
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That is, for a purely environmental risk factor which correlates a little more than 0.3 with
liability to a multifactorial disease with a life-term risk of 1070, given that genetic factors
explain about 75070 of the variation in liability, we would have to screen 3453 patients with
only one first-degree relative to be 80070 certain of detecting the association between the
risk factor and family history for the disease. To be 50070 certain of detecting an association,
the number of patients required would decrease to 2044.
Our example is artificial in several important ways. We consider only one case in which
the risk factor makes a comparatively small contribution to liability (10070 of the variance).
Even such a small contribution to variance, however, translates into quite a large correlation
between the risk factor and disease liability (0.3126). In selecting this illustration, we were
guided by two considerations. First, correlations of this magnitude are common in the
behavioural literature and they are often used as the basis for further inquiry. Second,
the notion of heterogeneity implies that a number of discrete factors each contribute
independently to liability to a given disease. The greater the heterogeneity of a disorder,
therefore, the smaller the contribution of each component is expected to be. We consider,
below, the power of the familial vs sporadic approach under a number of different
assumptions about the inheritance of the risk factor and its contribution to disease liability.
Another weakness of our analysis so far is our assumption that a psychiatric assessment
is conducted for only first-degree relatives of the proband. In practice, it is likely that more
relatives will be studied. The inclusion of more family members will change some probands
from sporadic to familial and might, therefore, improve our ability to separate sporadic
and inherited forms of the disorder . We consider the power of larger family studies below.
POWER CALCULATIONS UNDER DIFFERENT ASSUMPTIONS

To generate a broader perspective on the power of the familial versus sporadic method,
we considered a variety of different models for the relationship between the risk factor
and liability. Table 4 gives the results of our analysis for some comparatively simple cases.
TABLE

4.

NUMBER OF PROBANDS NEEDED

(N) TO DETECT DIFFERENCE IN PROPORTION OF HIGH AND LOW RISK

PATIENTS WITH AND WITHOUT A FAMILY HISTORY OF PSYCHIATRIC DISEASE

Risk factor

?-

H

Expected Cell Numbers
Familial

R+
Environmental

Genetic

0.9
0.8
0.5
0.25
0.1

0.1
0.2
0.5
0.75
0.9

14.1
13.7
27.8
29.0
25.2

0.1
0.2
0.5
0.75
0.9

0.1
0.2
0.5
0.75
0.9

6.6
12.7
40.4
76.9
106.5

Sporadic

R-

R+

R

5.6
16.6
49.0
81.3

986.3
971.9
763.7
493.6
297.7

0.6
9.4
192.7
429.4
597.2

316.1
447.3
751.3
893.3
893.5

670.8
534.0
205.1
29.7
1.4

7.5
6.6
3.4
1.1

A'

N

100.91
6.81
7.66
4.02

78
1153
1025
1952

1.39
3.12
4.75
0.79

5647
2516
1652
9935

Note:?- = Proportion of variance in liability explained by measured risk factor.
H = heritability of disease liability. (H = h2 + ?-h/)
N = the sample size required to detect heterogeneity at the 5070 significance level in 80% of studies.
Expected cell numbers assume 1000 probands are examined with one first-degree relative each.

123

THE FAMILIAL VS SPORADIC CLASSIFICATION

In each case presented in this table, the risk factor is assumed to be either purely genetic
(h r = 1) or purely environmental (h r = 0) and to account for varying proportions of the
variation in disease liability (r2 ). When the risk factor is assumed to be genetic, the
remainder of variation in liability is assumed to be environmental (h = 0). When the risk
factor is assumed to be environmental, the remainder of variation in liability is assumed
to be genetic (e= 0). This is, thus, the very simplest case in which the genetic and environmental
factors contributing to disease liability are identified with perfect reliability by the risk
factor. If the familial vs sporadic method does not work in this case, it is unlikely that
it will \vork for any other more subtle instance.
The sample sizes required to detect heterogeneity under these simple circumstances are
all large except in the one case of a disease which is very mildly heritable (H = .02) and
in which environmental component of liability is indexed perfectly by the selected risk factor.
Under these circumstances, there is an 80070 chance that the FHP method would work by
screening only one first-degree relative of 78 probands. For the major psychiatric disorders,
genetic factors appear to contribute more than 20070 to variation in liability and to our
knowledge, no one has postulated or attempted to measure any environmental index which
correlates 0.89 with disease liability.
The results in Table 4 assume a very simple special case of our risk factor model. Table
5 presents power analyses for more complex possibilities in which the risk factor explains
either 25070 or 10070 of disease liability but does not necessarily account for the entire genetic
or environmental component in liability.
TABLE

5.

POWER CALCULATIONS COMPARING PROPORTIONS OF FAMILIAL AND SPORADIC
PATIENTS IN UPPER DECILE OF MEASURED RISK FACTOR

Heritability
Disease Risk factor

Percentage of variance in liability due to risk factor
25070
10070
'A'
'A'
N
N

0.75

1.0
0.5
0.0

1.8936
0.5091
7.6533

4145
15,417
1026

0.6357
0.1459
2.2151

12,347
53,797
3543

0.50

1.0
0.5
0.0

3.2998
0.0285
2.2276

2379
275,404
3524

1.1729
0.0123
0.6476

6692
638,130
12,120

0.25

1.0
0.5
0.0

3.6630
0.4839
0.3433

2143
16,220
22,863

1.3964
0.1669
0.1014

5621
47,028
77,406

Note: A is computed for a total sample size of 1000 probands.
I

In, these cases, therefore, there may be residual genetic or environmental effects on
liability which cannot be explained by the risk factor and the risk factor may not be purely
genetic or environmental. Even when there is a very large (0.5) correlation between risk
factor and liability, the sample sizes are uniformly large whether the heritability of liability
and risk factor are high or low. The problem is even more grave when we consider a risk
factor measure which only explains 10070 of the variation in liability. Of interest, however,
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is the fact that the most favorable power is achieved when the heritability of the risk factor
and disease are opposed. That is, the method has the best chance of success when the disease
is highly heritable and the investigator is able to identify an index of the environmental
component of risk or when the disease has a small genetic component which is explained
almost completely by a completely heritable risk factor.
In the above power calculations, we have assumed that familial and sporadic patients
are recruited in frequencies proportional to their occurrence in the population. We chose
this approach because the cost-effectiveness of a research program will depend heavily on
the ease with which the different types of patient can be recruited. In practice, it is likely
that all patients would have to be screened in order to identify informative cases for study
so that our tables represent the most likely expenditure of effort even if steps were taken
to equalize the number of familial and sporadic patients in the interests of statistical power.
In most cases considered so far when only one first-degree relative is screened, the striking
fact is the very large proportion of sporadic probands, even when striking fact is the very
large proportion of sporadic probands, even when liability to the disease is highly heritable.
Although this fact has long been known from family studies of psychiatric disease, its
implications for the familial vs sporadic method are serious.
Table 6 shows how much the power would be increased if it were possible to equalize
the numbers of familial and sporadic patients for the case of a risk factor which explains
all the genetic variance in risk.
TABLE

6.

ApPROXIMATE SAMPLE SIZES REQUIRED TO DETECT COMPLETELY

HERITABLE

RISK

FACTORS

BY

STUDYING

PATIENTS,

FREQUENCIES OF FAMILIAL AND SPORADIC PATIENTS

r

Heritability
of liability*

A'

N

0.7746
0.7071
0.5000
0.3162

0.60
0.50
0.25
0.10

52.3227
79.5042
91.0759
46.4709

150
99
79
169

GIVEN

EQUAL

(= 80%)

*Also, proportion of variance in liability explained by risk factor.

Now the required sample sizes are much smaller although they do not reflect the large
number of probands that would have to be screened in order to identify the necessary
familial patients.
THE EFFECTS OF EXAMINING MORE RELATIVES

All the previous estimates of the number of probands are based on the assumption that
only one first-degree relative is examined for each proband. However, the familial vs
sporadic method normally involves the psychiatric assessment of more than one relative.
Tables 7 and 8 illustrate some basic considerations which influence the effectiveness of
examining more relatives.
Table 7 shows how the proportion of familial probands increases with the number of
first-degree relatives examined. For all but the most extremely heritable case, the number
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TABLE

7.

FREQUENCY OF AFFECTED PROBANDS WITH AT LEAST ONE

AFFECTED

FIRST-DEGREE

RELATIVE

FOR

DIFFERENT

DEGREES

OF

HERITABILITY OF LIABILITY FOR DISEASE

Heritability

Number of first-degree relatives of probands
examined
2
3

1.0
0.75
0.50
0.25

TABLE

8.

29.3070
19.5070
11.8070
6.4070

22.2%
14.1070
8.2070
4.3070

12.90/0
7.7%
4.3%
2.1%

PERCENTAGE OF PATIENTS WITH DIFFERENT FAMILY HISTORIES
FOR VARYING DEGREES OF INHERITED LIABILITY

Heritability
0.75
0.50
0.25

Number
of sibs

0

1
2
1
2
1
2

92.2
86.2
95.6
91.6
97.8
95.5

Number affected
1
2*
7.8
12.8
4.4
7.9
2.2
4.3

1.4
0.4

0.1

*Percentages obtained by numerical integration and do not sum to
100 due to numerical approximation.

of familial probands is approximately a multiple of the number of relatives studied. For
example, the examination of three first-degree relatives will generate nearly three times
the proportion of familial probands as the examination of one first-degree relative.
Table 8 shows that most of the familial families identified by measuring at least one additional
first-degree relative still contain only one affected relative apart from the proband. Even
when the heritability of liability is 0.75 only 10070 of familial probands will have both relatives
affected when two are examined. On the other hand, 7070 of the families which would be
classified as sporadic if only one relative were examined would be reclassified as familial
if two relatives were studied. That is, 7070 of the "sporadic" cases would be reclassified
as "familial". Such reclassification could have a significant impact on the power of the
familial vs sporadic study.
Two examples show the effects on power of examining more relatives. In the first example
("Case 1"), we assumed that disease liability is 75070 heritable and that the remaining 25070
is measured by a risk factor which is entirely environmental. In the second example (Case
2), we assumed that 75fJ70 of the variation in liability was environmental and the remaining
25070 explained by genetic factors measured perfectly by a selected risk factor. These cases
correspond to the two most tractable cases given in Table 5. When only one first-degree
relative is examined, we concluded that 1026 probands would be needed to detect
heterogeneity for Case .i and 2143 probands would be necessary to detect heterogeneity
for Case 2.
Our analyses considered the power when three first-degree relatives are examined, for
example, the two parents of the proband and a single sibling or one parent and two siblings.
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EXPECTED CELL NUMBER

(N = 1000) WHEN PROBAND AND THREE

FIRST-DEGREE RELATIVES EXAMINED

Risk
Case

2

No. of relatives
affected

High

Low

0
1
2
3
Total

448.2
65.3
9.4
0.9
523.8

357.0
96.4
20.9
3.0
477.3

0
1
2
3
Total

473.7
43.9
2.1

461.3
18.0
0.4

519.7

479.7

Total
805.2
161.7
30.0
~

1001.1 *
935.0
61.0
2.5
~
999.4*

*Grand total not exactly 1000 due to numerical approximation of
integrals.

Table 9 shows how the possible numbers of affected relatives are expected to be distributed
for approximately 1000 probands. For Case 1, approximately 20070 of the probands are
now classified as familial with 80070 of these only having one affected relative. For the
second case, in which the disease is less heritable, only about 6.5070 of the probands would
be familial and almost all of these would have only one relative affected. When all familial
families are pooled regardless of the number of affected relatives, we find that the expected
value of the chi-square test of heterogeneity for the familial and sporadic families is 18.26
for Case 1 and 10.41 for Case 2. Using these values to compute the sample sizes necessary
for 80070 power, we find that it is necessary to examine the families of 430 probands for
Case 1 and 754 probands for Case 2.
These figures should be considered from three perspectives. First, they show that
increasing the number of first-degree relatives examined for each proband from one to
three reduces the number of probands required by at least 50070. Therefore, if all probands
had three first-degree relatives, many fewer probands would be needed, and fewer risk
factor measures would be required. We expect that comparable reductions in the number
of probands would accompany the examination of three relatives for most of the other
cases we considered earlier. Second, we found that the total number of relatives studied
would be about the same irrespective of whether one or three relatives per proband were
evaluated. Third, the necessary sample sizes are still large with respect to those that usually
have been reported for familial vs sporadic studies. The first of our two cases is probably
close to what we could expect under the best circumstances in attempts to identify
environment insults which could precipitate schizophrenia in individuals without a strong
genetic predisposition. Under these circumstances, we would still need 430 probands, each
with three relatives on whom valid psychiatric assessments can be made, in order to have
an 80070 chance of detecting heterogeneity with an index of the remaining environment
using the familial vs sporadic classification.
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THE GAIN FROM USING MONOZYOGTIC TWINS

The discussion so far has focused exclusively on the nuclear family as the basis for the
familial vs sporadic classification. The advantage of such a focus is that all patients have
first-degree relatives even though many of them may not be suitable or available for study.
We conclude by asking whether there is any value of applying the familial sporadic paradigm
with monozygotic twins. Although monozygotic twins are comparatively rare, they are also
extremely informative genetically and quite substantial twin studies of psychiatric disorders
have been published. Of these only a few (e.g. POLLIN et al., 1966; KRINGLEN, 1967) have
been exploited twins for the analysis of risk factors. In concluding our theoretical treatment,
we consider how much gain in power would arise from the measurement of risk factors
on monozygotic twin probands which were classified as familial if their co-twin was affected
by the disorder and sporadic otherwise. Table 10 shows the expected distribution of risk
factor levels for familial and sporadic ("concordant" and "discordant") monozygotic twin
probands in a hypothetical study of 1000 pairs ascertained through a single affected twin.
Results are presented for the same two cases discussed previously from the perspective of
the nuclear family study of probands with three first-degree relatives. For Case 1, which
involves the study of an index of environmental risk for a disorder which is largely inherited,
a study of 1000 monozygotic pairs would yield a heterogeneity chi-square of 119.86. If
we scale down the study to the level which would guarantee only 80070 power, we find that
65 pairs would be sufficient. Comparable calculations for the case of a genetic risk factor
for a disease with predominantly environmnetal causes ("Case 2") yields an expected chisquare of 29.96 from 1000 twin pairs, requiring the study of 262 monozygotic twin pairs
to achieve 80070 power.
TABLE 10. EXPECTED CELL NUMBERS WHEN PROBAND IS MONOZYGOTIC
TWIN (N = 1000)
Risk
Case

2

Co-twin

High

Low

Total

Affected (familial)
Normal (sporadic)
Total

84.9
437.9
522.8

231.3
245.9
477.2

316.2
683.8
1000.0

Affected (familial)
Normal (sporadic)
Total

40.7
484.8
525.5

3.1
471.6
474.7

43.8
956.4
1000.2

DISCUSSION

The major results of this investigation can be briefly summarized. Assuming a
multifactorial model of disease liability where the risk factor is measured only in probands,
the sample size of first-degree relatives required to detect etiologic heterogeneity with the
familial vs sporadic design is nearly always quite large. The power of this design can be
improved in two ways. First, the investigator can screen probands to equalize the number
of familial and sporadic cases. Using this approach, the number of relatives required to
detect etiologic heterogeneity is considerably reduced, but large numbers of probands and
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their families will still have to be screened. Second, the investigator can study monozygotic
twins. For example, comparing the results of "model 1" as outlined above given one firstdegree relative or one MZ co-twin per proband, the number of families that had to be
evaluated decreased from 1026 to 65 or 93.7070. Although MZ twin probands are much
rarer than singleton probands, the gain in statistical power associated with their use in the
design is quite large.
As in all simulations, the validity of the results obtained depends on the validity of the
model. For the purposes of simplification, a number of potential modifications of the model
have not been explored in this report. Of these, there are three which would probably weaken
the power of the familial versus sporadic method: the effect of variable age at onset,
diagnostic error, and non-genetic familial transmission. Three further modifications have
not been considered which might increase the power of the familial vs sporadic method:
treatment of the risk factor as a continuous rather than as a dichotomous variable,
measurement of the risk factor in both relatives and probands and the inclusion of
evaluations on second-degree relatives.
A critical assumption of the model employed in this report is the existence of a single
normally distributed liability to illness. Although this assumption may be violated in several
ways, the most interesting (and probably the most realistic) is the presence of an
environmental factor of large effect. If such a factor could be identified and were present
in a significant proportion of affected individuals, the power of the familial vs sporadic
design might be significantly increased.
Although the assumptions of the model used in this report are reasonable as an initial
approach to quantifying the power of the familial vs sporadic design, no claim can be made
that this is an exhaustive examination of all possible aspects of this design. Only further
work can determine whether inclusion of any or all of the above factors into a necessarily
more complex model will produce substantial or only minor changes in the results obtained.
It is of interest to compare the results of the power analyses performed in this report
with previously published findings using the familial vs sporadic method. For example,
in one of the largest such prospective studies reported to date, KENDLER and HAYS (1982)
studied 113 unselected schizophrenic probands and their 542 first-degree relatives. Assuming
the parameters of case 1 above (a disease liability that is 75070 heritable and an environmental
risk factor than accounts for the remaining 25070 of the variance in liability), this study
would have only slightly more than a 25070 chance of detecting etiologic heterogeneity. The
largest such study to date reported by SHUR (1982) involved a chart review of demographic
variables on 475 unselected schizophrenic probands. Although the identification of a variable
that would measure the environmental contribution to schizophrenia with high accuracy from
the review of hospital records is unlikely, assuming a reasonable family size per proband
under the parameters of case 1, this study would have over 80070 power to detect etiologic
heterogeneity.
Most other studies in the psychiatric literature on the familial and sporadic method have
been done with much smaller sample sizes (e.g. BARON et al., 1981-34 probands;
DUNCAVAGE et al., 1982-50 probands; NASRALLAH et al., 1983-55 probands; BOWERS,
1984-24 probands; REVELEY et al., 1884-21 probands; and PEARLSON et al., 1985-19
probands). Surprisingly, most (e.g. BARON et al., 1981; NASRALLAH et al., 1983; BOWERS,

THE FAMILIAL VS SPORADIC CLASSIFICATION

129

1984; REVELEY et al., 1984) but not all (e.g. DUNCAVAGE et al., 1982; PEARLSON et al.,
1985) such studies report positive results. Two explanations for the discrepancy between
reported and our power analyses for the familial vs sporadic method are plausible. First,
our model may not accurately depict the etiology for psychiatric disorders such as
schizophrenia. Second, family history may be one of a long list of variables commonly
included in psychiatric studies. The relationship between family history and a wide variety
of biologic and clinical parameters may be routinely calculated and the results published
only if they are positive.
If the model employed in this report is a reasonable first approximation of reality, the
findings suggest that, as routinely used, the familial vs sporadic design is not very powerful.
Little justification can be offered for its use with first-degree relatives in small sample sizes
where negative results are nearly meaningless. Only with large sample sizes of nuclear
families or with monozygotic twins does this method provide a reasonable chance of
detecting etiologic heterogeneity. These results show that, although somewhat more difficult
to determine, power calculations can be as important in designing "genetic" as biological
studies in psychiatry (ROTHPEARL et al., 1981).
The results of this study suggest that methods other than the familial vs sporadic design
might be more usefully pursued for the resolution of the etiologic heterogeneity of
psychiatric disorders. These would include the comparison of risk in relatives as a function
of the risk factor status of both proband and relative (KENDLER and EAVES, in press), the
application of complex segregation analysis or linkage analysis to individual pedigrees to
detect heterogeneity in the mode of disease transmission across pedigrees (MOLL et aI., 1984;
RISCH and BARON, 1982) and the incorporation of genetic and environmental risk factors
into complex segregation analysis (EAVEs, 1984).
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