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SUMMARY In a series of 2922 karyotyped spontaneous abortions, 62 were found to be trisomic
for chromosome 13, 46 having a simple trisomy and 16 a translocation trisomy. The epidemiology
of this series of trisomy 13 conceptuses is presented and compared to that of trisomy 13
ascertained from other populations. In most compared parameters the trisomy 13 spontaneous
abortions are very similar. However, there is no evidence in our material for the fall in proportion
of trisomy 13 conceptuses at very advanced maternal ages that has been reported in three
previous studies, one of spontaneous abortions and two of amniocentesis specimens.

Many types of chromosome abnormality that are
entirely absent from, or rarely found in, the liveborn
population are frequent among spontaneous abor-
tions and, for this reason, abortions are particularly
advantageous for the study of chromosome abnor-
malities. We recently completed a cytogenetic
survey of a series of consecutive spontaneous abor-
tions occurring in a single maternity hospital in
Honolulu, Hawaii between April 1976 and May
1985. The main purposes of our study were to
investigate the contribution of chromosome
abnormalities to reproductive wastage, to determine
the parental origin of the chromosome aberrations,
and to study the epidemiology of the various classes
of cytogenetic abnormalities.
Autosomal trisomies are the largest single class of

chromosome abnormality seen among spontaneous
abortions. Trisomies for all autosomes, with the
exception of 1 and 19, have been detected in
spontaneous abortions, but only three autosomal
trisomies are found with any frequency among
livebirths. Chromosome 13 is one such chromosome
but, nevertheless, for every trisomy 13 born alive
about 50 are lost before birth, the great majority as
spontaneous abortions. It is the purpose of the
present paper to document the 62 trisomy 13
conceptions ascertained in our surveyed population
of spontaneous abortions and to compare them with
liveborns with an additional chromosome 13.

Material

The nature of the population studied and the
Received for publication 3 April 1987.
Accepted for publication 21 April 1987.

methods of data collection, culture, and cytogenetic
analysis have been documented in a number of
previous publications.' 2 The total study population
consisted of 3309 consecutive spontaneous abortions
of which 2922 (88.3%) were successfully karyo-
typed.
The major cytogenetic classes of the karyotyped

abortions are shown in table 1. As can be seen,
trisomics comprised over 26% of all abortions and
over 50% of those with a cytogenetic abnormality.
Among the 783 trisomics, 46 had an additional
chromosome 13, making this the fourth commonest
trisomy in our series, only trisomies for chromo-
somes 16, 22, and 21 being more frequent. None of
the 30 mosaic trisomies had an additional chromo-
some 13. However, one double trisomy had an
additional chromosome 13 and an additional 21 and
one of the 'other' class of abnormality was trisomic
for chromosome 13 but had only a single sex
chromosome.

Seventy karyotyped abortions had a structural

TABLE 1 Cytogenetic results on 2922 karyotyped
spontaneous abortions.

Karvotvpe No % %
all karvot.vped chromosomallv

abnormal

Normal 1445 49-45 -

45.X 265 9-07 17-94
Trisomy 783 26-8( 53-01
Mosaic trisomy 3(1 1-(3 2-03
Double trisomy 37 1-27 2-50
Polyploid 278 9-51 18-82
Structural abnormality 71) 24(0 4-74
Other 14 0-48 0.95
Total 2922 1((1-(1 99-99
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chromosome abnormality and in 16 of these the
abnormality was an unbalanced D;D Robertsonian
translocation trisomic for chromosome 13. While
there were 19 other Robertsonian translocations
among the abortions, none was trisomic for chromo-
some 13, nor was chromosome 13 involved in any of
the other 31 aneuploid autosomal rearrangements.

Results and discussion

The data on the 46 cases with an additional
chromosome 13 are shown in table 2 and those on

the 16 translocation cases in table 3.

SEX RATIO

Among the simple trisomics there were 24 males, 21

TABLE 2 Trisomy 13 spontaneous abortion.

No Karyotype Gestational
age
(d)

K0096 47,XY,+13 92
K0097 47,XY,+ 13 46
K0395 47,XX,+13 72
K0431 47,XY,+13 77
K0435 47,XY,+13 80
K0662 47,XY,+13 102
K0687 47,XX,+13 97
K0790 47,XY,+ 13 76
K1127 47,XY,+13 79
K1154 47,XX,+13 121
K1331 47,XX,+13 72
K1438 47,XX,+13 93
K1755 47,XY,+13 79
K1973 47,XX,+13 98
K2014 47,XY,+13 74
K2015 47,XX,+13 77
K2027 47,XY,+13 61
K2032 47,XY,+13 77
K2067 47,XX,+13 81
K2109 47,XY,+13 80
K2157 47,XX,+13 82
K2234 47,XY,+13 76
K2258 47,XX,+13 89
K2260 47,XY,+13 64
K2485 47,XY,+13 72
K2528 47,XX,+13 76
K2707 48,XY,+13,+21 73
K2710 47,XY,+13 122
K2722 47,XX,+13 109
K2766 47,XY,+ 13 74
K2788 47,XX,+13 81
K2855 47,XY,+13 71
K2857 47,XX,+13 69
K2858 47,XY,+13 83
K2896 47,XY,+13 85
K2926 47,XX,+ 13 70
K2934 47,XX,+13 66
K3057 47,XX,+13 67
K3131 47,XX,+13 75
K3177 47,XX,+ 13 81
K3178 47,XX,+13 71
K3283 47,XX,+13 78
K3314 47,XY,+13 79
K3325 47,XY,+13 77
K3326 46,X,+13 74
K3392 47,XY,+13 68

Parental age (y)

Father Mother

36 40
44 31
26 33
34 26
23 26
26 25
35 32
- 24
19 18
40 43
40 41
- 40

34
32 23

28
25 25
41 35
47 42
30 31
33 29
45 39
20 22
43 43
31 29
30 28
46 36
34 34
36 36
22 23
43 35
26 26
34 27
36 26
30 33
21 19
31 30
- 37
39 36
- 32
36 28
30 29
35 39

27
36 38
36 30
29 27

Reproduction*

G P Sp El

7 6 0 0
3 0 2 0
1 0 0 0
3 1 1 0
4 2 0 1
3 1 1 0
3 2 0 0
1 0 0 0
1 0 0 0
8 4 2 1
1 0 0 0
2 1 0 0
5 0 1 3
2 1 0 0
1 0 0 0
1 0 0 0
2 1 0 0
4 2 1 0
2 1 0 0
3 1 0 1
2 1 0 0
2 0 1 0
9 7 1 0
1 0 0 0
2 1 0 0
4 2 1 0
1 0 0 0
3 1 1 0
5 2 2 0
2 0 0 1
3 1 0 1
1 0 0 0
1 0 0 0
3 1 1 0
1 0 0 0
3 1 0 1
3 1 0 1
3 2 0 0
6 3 2 0
1 0 0 0
3 0 0 2
5 3 0 0
2 1 0 0
2 0 0 1
1 0 0 0
4 2 1 0

*G=gravida, P=para, Sp=spontaneous abortion, El=elective abortion.

females, and one XO, so clearly there is no

significant deviation from unity in the sex ratio.
Among trisomy 13 live births, a small excess of
females has been reported,3 which may reflect a

slightly increased likelihood of females with an

additional 13 surviving to term. In contrast, while
two of the five t(13;13) were male and three female,
all 11 of the t(13;14) were male. It could be argued
that the male excess was the result of males with
translocation trisomy 13 being more severely
affected than females and thus being less likely to
survive to term. However, as the clinical features of
simple trisomy and translocation trisomy are

indistinguishable, selective loss of one sex among
translocation trisomics but not among simple tris-
omics seems implausible. Furthermore, such a

selective loss of males during intrauterine life would
be expected to result in an excess of females among
live births. However, in the series of 28 liveborn
t(13;14) trisomy 13 cases reported by Hook4 there
was no such excess, there being 15 males and 13
females. Therefore, while the excess of males
among the t(13;14) trisomics is statistically signi-
ficant we consider that it is most likely due to
chance.

GESTATIONAL AGE

Data on gestational age are shown in table 4. The
mean gestational age of the 44 uncomplicated
trisomics was 79-8 days and of the translocation
trisomics 82-6 days. These values are not different
from one another but are less than that for the entire
aborted study population and for the abortions who
had a normal chromosome constitution. It is
perhaps surprising that a trisomy that is compatible
with survival to term is associated with abortion
relatively -early in gestation. Indeed in our series
there were only five trisomic 13 conceptions with a

gestational age greater than 100 days. This suggests
that there may be specific stages in development at
which trisomic 13 conceptions are particularly likely
to die, but that if they survive one of these they may
survive until the next sensitive developmental
landmark is reached. Our data show that the vast
majority do not survive beyond three months of
gestation. However, it is possible that the few that
do survive beyond this early critical period continue
until late gestational ages when they are seen among
perinatal deaths.

MATERNAL AGE

Data on maternal age are shown in table 4. Trisomy
13 is associated with an increased maternal age
among both abortions and live births and, as

expected, the mean maternal age for the simple
trisomy cases is significantly greater than that for the

722

copyright.
 on M

ay 22, 2023 by guest. P
rotected by

http://jm
g.bm

j.com
/

J M
ed G

enet: first published as 10.1136/jm
g.24.12.721 on 1 D

ecem
ber 1987. D

ow
nloaded from

 

http://jmg.bmj.com/


Trisomy 13 ascertained in a survey of spontaneous abortions

TABLE 3 Trisomy 13 translocations.

No Karyotvpe Parental Gestational Parental Reproduction
chromosomes* age age (y)

(d) G P Sp El
Father Mother Father Mother

K340 46,XY,-13,+t(13;13) N N 91 31 30 2 1 0 0
K1676 46,XX,-13,+t(13;13) N N 80 21 21 2 1 0 0
K2275 46,XX,-13,+t(13;13) N N 88 33 24 3 1 1 0
K1572 46,XX,-13,+t(13;13) U N 112 48 29 5 4 0 0
K3242 46,XY,-13,+t(13;13) U U 73 - 35 2 1 0 0

K255 46,XY,-14,+t(13;14) N A 80 27 24 3 1 1 0
K689 46,XY,-14,+t(13;14) N A 78 42 39 7 3 3 0

K254 46,XY,-14,+t(13;14) N N 98 29 27 2 1 0 0
K2571 46,XY,-14,+t(13;14) N N 70 28 21 2 0 0 1
K942 46,XY,-14,+t(13;14) N N 75 31 27 1 0 0 0
K1808 46,XY,-14,+t(13;14) N N 70 39 33 6 2 0 3
K1398 46.XY,-14,+t(13;14) N N 87 30 25 1 0 0 0
K2961 46,XY,-14,+t(13;14) N N 53 27 26 5 4 0 0

K1179t 46,XY.-14,+t(13;14) U U 93 - 21 2 0 1 0
K1180t 46.XY.-14,+t(13;14) U U 93 - 21 2 0 1 0
K1464 46,XY,-14,+t(13;14) U N 80 20 19 1 0 0 0

*N=Normal, A=abnormal t( 13;14), U=untested.
t=Twin pregnancy.

TABLE 4 Trisomy 13: gestational age and maternal age.

Population No Gestational Maternal
age (d) age (y)
(SD) (SD)

All karyotyped abortions 2922 88.9 (25.9) 28-2 (6-1)
All abortions with 1445 90-6 (27-3) 27-2 (5-8)
normal chromosomes

Trisomy 13 44 79.8 (14.2) 31-1 (6-5)
Translocation trisomy 13 16 8236 (13.7) 26-4 (5.7)

whole study population (t=3-14, p<O0O5) and for the
abortions with a normal chromosome constitution
(t=4-18, p<O01). Furthermore, we have no evi-
dence for the reduction in proportion of trisomy 13
cases occurring to women in the 40+ age group that
was reported by Risch et a15 for their series of
spontaneous abortions and by Hook et al and
Ferguson-Smith and Yates7 for amniocentesis speci-
mens. In our series no fewer than six (13-6%)
uncomplicated trisomy 13 cases were delivered to
women in the 40+ age group, whereas the pro-
portion was 6-8% for trisomy 21 and 7-6% for all
trisomies. In contrast, among the non-trisomic
abortions only 1-4% occurred to women in the 40+
age group.
The translocation trisomy 13 cases have a signi-

ficantly lower maternal age than the simple trisomics
(t=2-57, p<O-05) and a lower maternal age than the
two control populations. This is because the occur-
rence of de novo unbalanced Robertsonian trans-
locations and the conception of unbalanced familial
t(13;14) offspring are unrelated to increased parental
age.8 9 Thus, the maternal age of the translocation

trisomics is similar to that of the entire obstetric
population which has been shown to be lower than
that of women whose pregnancies terminate as
spontaneous abortions."') These maternal age data
provide further evidence against the so called
'relaxed selection' hypothesis, as this predicts a rise
in the mean maternal ages of both translocation
and simple trisomy 13.11

REPRODUCTIVE HISTORY
The reproductive history of both the simple and the
translocation trisomies is very similar to that of the
two control populations (table 5). There are slightly
more spontaneous abortions in the translocation
group, especially allowing for their younger age.
The spontaneous abortions among translocations
are almost all in the familial or possibly familial
groups, reflecting the tendency of carriers of a
t(13;14) to have an increased number of spon-
taneous abortions.'2 Indeed the 'sib' of K689, a
familial translocation trisomy 13, was also studied in
our abortion survey and found to be a translocation
trisomy 14.

TABLE 5 Reproductive history.

Outcome All abortions Trisomy 13 Translocation
(SD) (SD) trisomy 13

(SD)

Gravida 2-88 (1-80) 2 91 (1.90) 2-90 (1-86)
Live births 1-09 (1-31) 1-18 (1-53) 1-19 (1-38)
Spontaneous abortions 0-41 (0.82) 0-41 (0-66) 0-44 (0-82)
Elective abortions 0-36 (0-81) 0 30 (0-63) 0-25 (0-77)
Other 0-02 (0 11) 0 0
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THE TRANSLOCATIONS
Of our trisomy 13 abortions, 26% had a Robert-
sonian translocation, a figure very similar to that
reported among liveborn cases of trisomy 13.13
Thus, the translocation cases appear indistinguish-
able from the simple trisomic cases with respect to
intrauterine mortality. The proportion of transloca-
tions in trisomy 13 is much higher than that seen in
trisomy 21 where some 4% of live births are trans-
locations.13 Among our abortion survey we identi-
fied 77 cases of trisomy 21 of which three (4%) were

translocations, again a proportion almost identical
to that seen among live births.

In our series of translocation trisomy 13 abor-
tions, five involved two chromosomes 13 and the
remaining 11 involved a chromosome 13 and a

chromosome 14. Among 48 liveborn translocation
trisomies reported by Hook,13 18 were t(13;13), 28
t(13;14), and two t(13;15), a distribution very
similar to that seen in our abortion series. Among
our five t(13;13), three were de novo mutants, and
in two parental studies were not completed, while
among our 11 translocation t(13;14), two were

inherited, both from the mother, six were de novo

mutants, and in three parental studies were in-
complete. Our data are comparable to those
reported by Hook13 in finding the majority of
t(13;13) to be de novo mutants but, while Hook
found 14 of 24 translocation t(13;14) to be familial,
we found only two of eight to be inherited. This
difference in proportion is not statistically signi-
ficant.

If we assume that spontaneous abortions repre-
sent 15% of all clinically recognised pregnancies,
our 2922 karyotyped abortions represent a total of
20 000 naturally terminating pregnancies. Among
these we found five t(13;13), of which all can be
assumed to be mutants, and 11 t(13;14) associated
with an additional chromosome 13, of which 75% or

8-25 can be assumed to be mutants. In the same
series of spontaneous abortions, we found a further
seven t(13;14) associated with trisomy for chromo-
some 14, of which four were familial and three
mutants. Thus, among the 20 000 pregnancies
represented by our karyotyped abortions, no fewer
than 16 had a de novo unbalanced Robertsonian
translocation involving a chromosome 13, a gametic
mutation rate of 1-2x10-4 for t(13;13) and 2275X
i-4 for t(13;14), giving a total rate for unbalanced
Robertsonian translocations involving a chromo-
some 13 of 4x 10-4 among all clinically recognised
conceptions. It is this very high mutation rate that
accounts for the large proportion of trisomic 13
conceptuses that are associated with a Robertsonian
translocation. The reason why chromosome 13 (and
chromosome 14) is involved in such mutational

events so much more frequently than chromosomes
15, 21, and 22 is not known but may be due to
differences in the centromeric or pericentromeric
DNA of chromosomes 13 and 14 in comparison with
the other acrocentric chromosomes. Studies of the
centromeric regions of the human acrocentric
chromosomes at the molecular level might well shed
light on the reasons for the astonishingly large
number of structural abnormalities involving these
regions and the non-random nature of these
abnormalities.

This work was supported by grant HD 21341 from
the National Institutes of Health.
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