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Estimates of the likelihood that a Down's syndrome
child of unknown genotype is a consequence of an
inherited translocation
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SUMMARY The proportions of Down's syndrome livebirths associated with a Robertsonian trans-
location inherited from a carrier parent were estimated from data in the New York State Chromosome
Registry and in two previous publications. Indirect estimates were made in each 5-year maternal
age interval; these were derived from mutation rates for these translocations and maternal age
specific prevalence rates in livebirths. The proportions diminished steadily with increasing maternal
age. The ranges for the seven maternal age groups from under 20 to 45 to 49 were: 1 e1 to 2.8%,
1.0 to 2-7%, 0.7 to 1-8%, 0.5 to 1.3%, 0-2 to 0.4%, 0.05 to 0.1%, and 0.02 to 0.04%. Direct
estimates from the observed data could only be attempted for two age groups, women under 30 and
those 30 or more. For those under 30 the range in proportions was 0.9 to 1.9% and for those 30
and over, 0.2 to 0-4%. In general the lowest proportions at any age were derived from New York
State data and the highest from Japanese data.

Unbalanced interchange trisomies associated with
G21 or D21 Robertsonian translocations account
for between 3 and 6% of all Down's syndrome
cases.1 2 Approximately 25% of these translocations
are inherited3 4 and about 75% are new mutants.
An important reason for cytogenetic investigation
of a patient with a phenotypic diagnosis of Down's
syndrome is detection of a familial translocation
that may be associated with a high risk of Down's
syndrome in future sibs or other relatives of the
proband. We present here estimates of the likelihood
that an unkaryotyped Down's syndrome patient is a
consequence of a familial (inherited) interchange
trisomy.

Materials and methods

The New York State Chromosome Registry, since its
inception in 1969, has received reports of chromo-
some abnormalities from about 25 laboratories which
do cytogenetic analysis (see acknowledgements) in
New York State. Data reported up to December
1977 on 1968-1977 livebirths are analysed here.
An independent analysis of the data in the

Registry on translocation Down's syndrome re-
Received for publication 23 October 1979

suited in an estimated overall mutation rate (for
D21 and G21 types combined) of 2.5 x 10-5 per
gamete for the decade 1968 to 1977 (Hook and
Albright, submitted for publication). This rate is
slightly higher than that found in the studies of
others. Polani et a13 estimated a rate of 2 04 x 10-5
and Kikuchi et a14 a rate of 2 15 x 10-5.
The proportion of translocations known to be

familial among the total of all translocations whose
status could be determined was 0 12 in the Registry,
compared to 0-26 and 0-29 in the series of Polani
et al and Kikuchi et al, respectively. These differ-
ences are probably because of the increase in
sporadic interchanges seen in New York State
after 1972 (Hook and Albright, submitted for
publication).5 The prevalence P of familial inter-
change trisomies in livebirths was estimated as
follows:

(2) (M) (Pi)

where M = the mutation rate for translocation
cases, Pm = the ratio of mutant cases to all trans-
locations of known status, and Pi = the ratio of
inherited cases to all translocations of known status.
The latter two variables are from data reported.
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It is assumed in this derivation that the variables
P and M in livebirths, in the absence of pregnancy

termination, have little if any variation with maternal
age, in contrast to 47, + 21 which constitutes the
vast bulk of the phenotype. For each 5-year maternal
age group, the proportion of Down's syndrome
cases attributable to an inherited translocation was

calculated by dividing P by the estimated livebirth
prevalence rate (L) for all cases of Down's syndrome

Susan G Albright and Ernest B Hook

in livebirths in the same 5-year period.6 This method,
which may be referred to as the 'indirect' approach,
was applied to Registry data as well as data in
earlier reports. Alternatively a 'direct' approach was

taken by dividing the reported number of familial
cases in an age range by the total number of Down's
syndrome cases reported in that age range. Because
the absolute number reported in any 5-year period
was so small, the direct analysis was limited to two

TABLE 1 Indirect estimates of the proportion of Down's syndrome cases whlich can be attributed to inherited
interchange trisomies by maternal age category

Study Translocation Proportion Prevalence Maternal Reference Estimated %
mutation rate mutant (Pm) inherited age livebirth Down's syndrome cases
(x 10-5 per gamete) cases rate6 attributable to
(M) (x 10-5) (per 1000) inherited translocation

(P) (L) (PIL)

<20 0-63 1.1
20-24 0*65 1.0

New York State 2-5 0.88 0-679 25-29 0.96 0-7
Registry 30-34 1-38 0-5

35-39 4-37 0-2
40-44 13-45 0.05
45-49 43.26 0*02

<30 0.771 0.9
> 30 3-421 0.2
Total 1.438 0.5

<20 0-63 2-3
20-24 0.65 2.2

Polani et al3 2-04 0.74 1-434 25-29 0.96 1.5
30-34 1.38 1.0
35-39 4-37 0.3
40-44 13-45 0.1
45-49 43-26 0.03

<30 0.771 1.9
> 30 3-421 0.4
Total 1.438 1.0

<20 0-63 2.8
20-24 0*65 2.7

Kikuchi et al4 2.15 0.71 1.756 25-29 0*96 1.8
30-34 1.38 1.3
35-39 4-37 0.4
40-44 13-45 0.1
45-49 43.26 0.04

<30 0-771 2-3
> 30 3.421 0.5
Total 1-438 1.2

TABLE 2 Estimates of the proportion of Down's syndrome cases attributable to inherited translocations*t
New York (Registry): Polani et a13 Kikuchi et at4

Direct Indirect Direct Indirect Direct Indirect

Maternal age <30 7/765 = 0.92% 0-88% 12/630 = 1.90% 1.86% NA 2.28%
(0*37-1*89) (0*98-3*31)

Maternal age > 30 2/758 = 0.26% 0*20% 1/456 = 0*22 % 0*42% NA 0*51%
(0*03-0*95) (0*01-1*22)

Allages 9/1813 = 0-50% 0.47% 13/1086 = 1.20% 1.00% 1-11% 1-22%
(0-23-0-94) (0.64-2-04) (0-53-2*04)

NA, not available from data presented.
*Numbers in parentheses indicate the 95 % confidence limits on the proportions (%).
tIndirect estimates are those derived using Upstate New York Down's syndrome rates in livebirths as in table 1.
*Data reported by December 1977.
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TABLE 3 Range in summary estimates of the proportion
of Down's syndrome cases attributable to inherited
Robertsonian translocations by maternal age category
Maternal age Lowest Highest

<20 1-1% - 2.8%
20-24 1.0% - 2-7%
25-29 0-7% - 1-8%
30-34 0.5% - 1-3%
35-39 0-2% - 0-4%
40-44 0-05% - 0.1%
45-49 0.02% - 0.04%

<30 0-9% - 2-3%
> 30 0-2% - 0-5%
Total 0.5% - 1.2%

crude age divisions, under 30, and 30 or over. This
approach was taken with the Registry data and with
available published data on which this estimate
could be made.

Results

Table 1 presents proportions (P/L) derived using
the indirect approach for the New York State
Registry data and for data in the previous reports
of others. Table 2 presents those proportions
derived using the direct approach and comparisons
with the indirect estimates from table 1. Because
each variable used in the indirect estimate has some
error associated with it, confidence limits on the
final derived indirect estimates presented in tables 1

and 2 are not easily obtained, in contrast to the
proportions calculated in the direct approach (table
2). The direct and indirect estimations are not in-
compatible, however. A summary of the ranges of
percentages derived from data in the Registry and in
previous reports is shown in table 3.

Discussion

The prevalence of inherited translocations that has
been calculated for each study by the indirect
method is quite sensitive to relatively small variations
in the mutation rate and in the observed proportion
of inherited cases among all Down's syndrome cases.
It is noteworthy that the estimated New York State
livebirth prevalence of inherited translocations (and
therefore the percentage of these at each maternal age
category) is less than half those calculated using
published data reported by others. This is especially
apparent in the percentages calculated for mothers
under age 30. The difference is probably because of
two factors. There was an increase in mutant cases
in New York in recent years but no concomitant
increase in the numbers of inherited cases. Ad-
ditionally, in the Registry experience the ratio of

cases with an inherited translocation to all types of
Down's syndrome is lower than in published surveys.
We suspect this may be the result, at least in part, of
selective inclusion in published cytogenetic surveys of
familial cases of Down's syndrome. Lastly, sampling
fluctuation may contribute. Despite these differ-
ences, at least the order of magnitude estimates at
each 5-year interval are consistent. The marked
decline in the proportion of inherited translocations
associated with Down's syndrome with maternal
age reflects the very marked increase in 47, trisomy
21 with maternal age, and the fact that there is little
if any dependence on maternal age for the trans-
location cases, inherited or mutant.
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