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Summary. Data on 151 non-mosaic 47,XXY males from Sar-
dinia, previously reported by Filippi (1986), were analysed for
associations with parental ages at birth, sib order and sex ratio
among siblings. The results confirm those of earlier Scottish-
based studies in that: (1) there was a significant increase in
risk of 47,XXY livebirths at advanced parental ages; (2) mater-
nal age, and maternal age alone, was sufficient to explain the
effect; (3) there were no independent effects of paternal age
or sib order once maternal age had been taken into account;
(4) there was no evidence of any distortion of the sex ratio
among siblings. Estimates of relative risk at different maternal
ages were compatible with those from the Scottish studies,
and pooled estimates are therefore derived. They suggest, for
example, that the risk at maternal age 40 years is 2-3 times
that at age 30 years. In 33 cases, the parental origin of the
supernumerary X chromosome was determined by analysing
the segregation of genetic markers. The mean parental ages of
19 ‘maternal’ cases were significantly raised above those of
controls, whereas those of 14 ‘paternal’ cases were slightly,
and marginally significantly, reduced. The conclusions were
essentially unaffected by whether the Sardinian population,
the siblings of cases or a group of 94 unrelated Sardinian males
were used as controls.

Introduction

The incidence of 47,XXY Klinefelter’s syndrome is associated
with increased parental age at birth (Lenz et al. 1959; Ferguson-
Smith et al. 1964; Court Brown et al. 1969; Carothers et al.
1978, 1984; Schreinemachers et al. 1982; Ferguson-Smith and
Yates 1984). The two studies by Carothers et al. suggested
that the association is primarily with maternal age, and that
paternal age has little or no independent effect. They are also
the only ones to have provided quantitative estimates of the
increase in risk with maternal age indicating, for example, that
the risk at maternal age 40 is 2—4 times, that at age 30. Both
were based on essentially the same Scottish data from the
MRC Cytogenetic Registry at Edinburgh, ascertained through
such sources as infertility clinics, mental hospitals, penal in-
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stitutions and liveborn surveys. The present study was moti-
vated by the wish to establish whether the same conclusions
could be drawn from an entirely independent data set. Our
source is a group of some 150 47,XXY males from the 265
hypogonadic Sardinian males, previously reported by Filippi
(1986). These were individuals who were medically examined
for military service, then referred for cytogenetic investigation
following diagnosis of bilateral testicular atrophy. Since all
Italian males are required to undergo this examination, there
should be little or no ascertainment bias.

Filippi (1986) compared the 47,XXY males with normal
controls and found a highly significant increase in the means
of both maternal and paternal ages at birth. However, a po-
tential problem was that the controls were not closely matched
to the cases for year of birth. He also reported that in about
25% of cases if was possible to determine the parental origin
of the supernumerary X chromosome, by studying the segre-
gation of G6PD deficiency, Xg type and/or colour blindness.
We have therefore been able to investigate whether the paren-
tal age effects are confined to cases arising from errors occur-
ring in a particular parental sex. Finally, data on sibs were also
available, enabling us to examine possible associations with
birth order and sex ratio. Neither was found to be a significant
aetiological factor in the Scottish studies.

Materials and methods

Cases

The case group consisted of 151 males with non-mosaic 47,XXY
karyotype identified among the hypogonadic Sardinian males
reported by Filippi (1986) (to which reference should be made
for full details of ascertainment). One individual had not been
karyotyped in time for the earlier study, but was later found to
be non-mosaic 47, XXY and has therefore been included here.
Relevant data recorded for each case were: date of birth, par-
ents’ dates of birth or ages at ascertainment, parental source
of supernumerary X chromosome (where known from analysis
of G6PD deficiency, Xg type and/or colour blindness), details
of siblings (see below).

The following discussion of controls is largely concerned
with the problems of matching to the cases for year of birth.
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This is a potentially important consideration since in other
European populations (though not necessarily in Sardinia, as
we will show), there have been large changes in the distribu-
tion of parental age at birth with time, particularly in the years
following World War II when most of our cases were born.
For example, over the period 1942-1971 the mean maternal
age at birth fell from 30.5 years to 28.1 years in Ttaly, and from
29.4 years to 26.4 years in England and Wales (ISTAT 1980,
OPCS 1975). It is therefore relevant to the discussion to note
that the years of birth of the cases were between 1927 and 1961
with a median of 1948.

Controls

Control group 1 (CG1). This contained the 94 normal controls
described by Filippi (1986), consisting of members of families
collected for linkage studies in Sardinia. Date (or years) of
birth and both parental dates (or years) of birth were recorded
for each control. The years of birth of the controls were be-
tween 1949 and 1958 with a median of 1954. They were there-
fore well-matched only to the younger cases, but could be
used for analysis of both maternal and paternal age effects.

Control group 2 (CG2). This consisted of population data on
the distribution of maternal ages at birth in Sardinia 1951-
1961 inclusive, provided by the Istituto Centrale di Statistica
(ISTAT), Rome. Data on legitimate live births were used,
these being the most appropriate controls for cases with both
parental ages known. Unfortunately, population data are not
available for the years before 1951, nor are data on paternal
ages for any of the period relevant to this study. Like CG1,
therefore, CG2 is well-matched only to the younger cases.
Also, CG2 can be used only for analysis of maternal age ef-
fects.

Control group 3 (CG3). This consisted of all known siblings of
the cases. Sex and dates (or years) of birth, or ages at ascer-
tainment of the corresponding case, were recorded for siblings
known to be alive at the time of ascertainment. In a few sib-
ships, where the ages of one or more siblings were not known,
their dates of birth were estimated by interpolating them evenly
between the known dates of birth of a younger and an older
sibling. In one sibship, where the age of the youngest sibling
was not known, it was estimated by extrapolating by the aver-
age spacing between the remaining siblings. A similar method
was used for another sibship in which the age of the oldest sib-
ling was not known. Siblings are, of course, well-matched for
many environmental and genetic factors, and Carothers et al.
(1978) have shown how to correct for any bias arising from im-
perfect matching for dates of birth. However, a disadvantage
is that they do not provide an efficient means of distinguishing
between the effects of maternal and paternal age, because the
two factors are perfectly correlated within a sibship.

Analyses

Because of the differing merits associated with each type of
control, the following analyses were carried out.

Analysis A. The 94 youngest cases, who were born between
1945 and 1961 with a median of 1953, were ranked in order of
birth and individually matched to the control with the same
rank order in CG1. Both maternal and paternal age effects
were examined.

Analysis B. The 94 youngest cases were matched to the Sardi-
nian population data for the nearest year of birth. Maternal
age only was examined.

Analysis C. The 94 youngest cases were matched to the com-
bined Sardinian population data for the years 1951-1961 in-
clusive. Maternal age only was examined.

Analysis D. All 151 cases were matched to the combined Sar-
dinian population data for the years 1951-1961 inclusive. Ma-
ternal age only was examined.

Analysis E. All 151 cases were individually matched to their
siblings.

Analysis F. The 19 cases with a maternal supernumerary X
chromosome were individually matched to their siblings.

Analysis G. The 14 cases with a paternal supernumerary X
chromosome were individually matched to their siblings.

In analyses E, F and G, maternal age, paternal age and sib
order were examined. The same method of analysis was used
for each type of comparison. The method is based on logistic
regression, in which the relative risk of being affected (in this
case with 47, XXY) is modelled as

r = exp{f(x,y,z)},

where fis a polynomial function, and x, y and z denote respec-
tively maternal age, paternal age and sib order. The parameters
of the model can be estimated by maximum likelihood, and
the goodness-of-fit of different models compared by standard
likelihood ratio tests (Carothers et al. 1978, 1984). For present
purposse, we define a ‘best’ model, though not necessarily
uniquely, as one for which the likelihood is not increased sig-
nificantly by adding any term in x (and/or y and/or z, where
relevant) of order equal to or higher than the highest-order
terms already included (up to a maximum of order 3), and for
which the likelihood is reduced significantly by removing any
of the highest-order terms already included. As explained
above, analysis E requires a correction for bias arising from
imperfect matching of siblings for date of birth. The correc-
tion involves multiplying the relative risk of each individual
born in a particular year by a factor proportional to the proba-
bility of ascertaining an affected individual born in that year
(Carothers et al. 1978). Provided that the annual population
incidence is approximately constant, this factor can be esti-
mated by the number of cases (probands) born in the given
year. In practice, we ‘smooth’ the estimate by taking a 5-year
moving average.

Results

Table 1 summarises data for the various groups of cases and
controls. Although formal statistical comparisons might be
misleading in view of the fact that some pairs of groups are not
closely matched for date of birth, several general conclusions
can be drawn. Firstly, as reported by Filippi (1986), the mean
parental ages of the main case group are 3—4 years higher than
those of the control groups. Secondly, the effect appears to be
confined to cases having a maternal supernumerary X chro-
mosome; the ‘paternal’ cases differ little from the controls.
Thirdly, the mean parental ages of the various control groups
are very similar, in spite of differences in the dates of birth.
These general impressions are confirmed by the results of the
formal analyses summarised below.



Table 1. Data on cases and controls
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Group Mean date Maternal age (years) Paternal age (years)
ofbirth n Mean SD n Mean SD

94 youngest cases 1953.5 94 34.02 7.94 94 39.62 8.29
All cases 1947.5 151 34.06 7.72 147 39.11 8.22
Maternal origin cases 1952.3 19 35.03 7.84 19 38.39 6.62
Paternal origin cases 1945.9 14 29.55 7.22 14 34.60 8.22
94 normal controls 1954.5 94 30.17 6.42 94 35.82 7.00
All normal siblings of cases 1943.8 680 31.53 6.27 666 36.58 7.17
Sardinian population 1951-61 1956.5 352210 31.27 6.34 - - -

Table 2. Estimates of model parameters and associated standard errors

Analysis a SE b SE Corr Devi-
(a) ) (a,b) ance
A 0.35 0.24 0.96 0.36 —0.33 19.8
B 0.27 0.18 0.53 0.16 —-0.67 27.9
C 0.20 0.18 0.55 0.22 —0.50 26.5
D 0.27 0.15 0.47 0.13 —0.69 38.3
E 0.15 0.22 0.78 0.20 —0.52 25.7
Carothersetal. 0.82 0.19 0.49 0.19 —-0.41 46.9
(1978)
Carothersetal. (.66 0.13 0.21 0.16 —0.43 42.0
(1984)

Maternal age

The best model involving maternal age alone was found by all
the analyses A—E to be of the form

X X 2
f=alg -] i 3
For each analysis the estimates of a and b, together with their
estimated standard errors and correlation, and the deviance
(= —2 X log-likelihood ratio) are shown in Table 2. The latter
is a measure of the improvement in goodness-of-fit over the
‘null’ model, f = constant, and is approximately distributed as
chi-squared with n degrees of freedom, where n is the number
of estimated parameters. Here n = 2, and the observed values
of the deviance are therefore all highly significant (P < 0.0001).
Corresponding values from the two Scottish studies are also
shown. For the sake of comparability, the estimates from
Carothers et al. (1984) are based on a quadratic model, even
though the second-order term in that study just failed to reach
statistical significance (chi-square = 3.52 on 1df; P =0.06).
Table 3 shows the estimated relative risks, together with their
estimated standard errors, at 2.5-yearly intervals of maternal
age for analyses D and E and the two Scottish studies. Note
that the relative risk at age 30 is defined to be one. Analysis D
was chosen as representative of the four analyses (A-D) based
on controls unrelated to the cases, since they all appeared to
give mutually consistent results, and analysis D gave the low-
est standard errors. Since analyses D and E are not indepen-
dent of each other, nor are the two Scottish studies, it is dif-
ficult to apply formal tests of consistency to the estimates of
risk in Table 3. Nonetheless, the four sets of results appear to
be in reasonable agreement, provided that the magnitudes of

the standard errors are taken into account. We have therefore
derived pooled estimates of risk as follows. Let #;, s; denote re-
spectively the estimated risk and its associated standard error
at a particular maternal age derived from the ith analysis (i =
1,...,4). Let w; = ri/s?. Then,

4
Y w;logr;
Pooled estimate = r(P) = exp ”
ZWi
T
Estimated s.e. of r(P) = —f—(f—)-
‘/ ZWi
1
+1.645

90% C.L. for r(P) = r(P) exp

The pooled estimate is therefore a geometric mean of the
individual estimates, weighted to take account of their stan-
dard errors. Although this is a reasonable method for obtain-
ing the pooled estimate itself, the estimated standard error is
likely to be negatively biased because of the dependencies be-
tween the various analyses, and should be interpreted with
caution. These values are also shown in Table 3.

Paternal age

Analyses A and E were the only ones relevant to the investi-
gation of paternal age effects. In both cases, although paternal
age was found to be a highly significant risk factor on its own,
there was no evidence of any independent paternal age effect
once maternal age had been included in the models. That is,
taking the best model involving maternal age alone, no signif-
icant improvement occurred on fitting any terms in paternal
age. Conversely, taking the best model involving paternal age
alone, a highly significant improvement did occur on fitting
terms in maternal age.

Sib order

The conclusions of analysis E in regard to sib order were
exactly as described above for paternal age. That is, there was
no evidence of an independent effect of sib order after includ-
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Table 3. Estimated relative risks (x 100) of 47,XXY by maternal age, * standard errors. The pooled estimate is a weighted geometric mean of

estimates from all four analyses (see text)

Maternal Analysis D Analysis E Carothers et al. Carothers et al. Pooled 90% confidence limits
age (1978) (1984) Cower Upper
17.5 149+ 53 279 + 145 77+ 35 61+ 21 106 = 21 76 148
20.0 122+ 31 187+ 70 72+t 23 64+ 16 9+ 14 74 120
22.5 106 £ 18 138+ 34 71+ 15 69+ 11 88+ 8 75 102
25.0 98+ 10 113+ 16 75+ 9 76t 7 87+ 5 79 95
27.5 9%+ 4 101+ 6 84+ 4 86 3 90+ 2 87 93
30.0 100+ 0 100 0 100+ 0 100 0 100+ 0 100 100
32.5 110+ 3 109+ 6 126+ 5 120+ 4 116+ 2 112 119
35.0 129+ 7 131+ 13 170+ 15 147+ 9 141+ 5 133 149
37.5 159+ 13 173+ 25 243+ 33 185+ 19 179+ 10 164 196
40.0 209+ 23 253+ 53 369+ 75 239+ 37 240+ 18 212 272
42.5 292+ 45 406+ 119 596+ 175 318+ 73 344+ 37 287 411
45.0 431+ 92 719 + 288 1022 £ 414 433 £ 140 523+ 79 408 671
47.5 675+ 196 1402 = 748 1863 =+ 1007 606 £ 264 847+ 173 606 1185
Table 4. Sex ratio among sibs of cases obtained, irrespective of the choice of control group, suggests
Males Females Total  Males that the parental age distribution in Sardinia may have re-
per 100 mained fairly constant over the period relevant to this study.
females Although there is no direct evidence on this point, there is in-
direct evidence from the parental ages of the cases themselves.
Immediately preceding sib 65 60 125 108.3 Because a high proportion of them were born to older par-
Other preceding sibs 166 141 307 117.7 ents, their parental age distribution should be particularly sen-
All preceding sibs 231 201 432 114.9 sitive to changes in that of the general population. In fact, the
Immediately following sib 49 38 87 128.9 mean maternal ages of the cases born in the periods <1935,
Other following sibs 7 90 161 78.9 1935-1939, 1940-1944, 1945-1949, 1950-1954, 1955-1959
All following sibs 120 128 248 93.8 and = 1960 were respectively 34.6, 31.2, 35.0, 33.9, 35.5, 32.7
and 33.9 years. Formal analysis confirms the absence of any
Total 351 329 680 106.7

ing maternal age, although it was a highly significant risk fac-
tor on its own.

Parental origin of supernumerary X chromosome

Analysis F revealed a significant (P ~ 0.01) increase in risk at
advanced parental age for the 19 cases with a maternal super-
numerary X chromosome. Analysis G revealed a marginally
significant (P ~ 0.05) decrease in risk at advanced parental age
for the 14 ‘paternal’ cases. In neither analysis were there suffi-
cient data to determine whether the observed effects were
primarily due to maternal age, paternal age or birth order.
Linear terms in all three factors gave an equally good fit.

Sex ratio

Table 4 summarises the sex ratios found in various subsets of
siblings. None of the ratios differed significantly from each
other, or from values in the range 104-107 that are typical of
other European populations.

Discussion

Although we have given careful consideration to the problem
of matching for date of birth, the fact that similar results were

significant trend. It therefore seems that, unlike other Euro-
pean populations, that of Sardinia did not change much over
the period 1930-1960 in respect of parental ages at birth. The
implication is that all the analyses A—FE are equally valid.

The population of Sardinia during the period covered by
this study would appear to have been particularly well-suited
to aetiological studies of parental age-related genetic disease,
because of the comparatively high proportion of births to older
women. For example, some 10.7% of legitimate livebirths in
Sardinia in 1951-1961 were to mothers aged 40 or over. Cor-
responding figures for Italy as a whole were 5.6% in 1955 and
2.0% in 1980, and for Scotland were 3.3% in 1950-1959 and
0.8% in 1980. It is therefore significant that, in spite of these
differences, the present study confirms the results of the two
earlier Scottish-based ones in that (1) maternal age, and ma-
ternal age alone, was sufficient to explain the observed in-
crease in risk with parental age; (2) there was no evidence of
independent effects of paternal age or birth order once mater-
nal age had been taken into account; (3) the estimated relative
risks at each maternal age were compatible; (4) there was no
evidence of any distortion in the sex ratio of the siblings. The
conclusions were essentially unaffected by the choice of con-
trol group.

The fact that similar conclusions have been drawn from
such disparate groups of cases, ascertained by different meth-
ods in demographically dissimilar populations, is evidence in
favour of their general applicability. We have therefore pro-
vided pooled estimates of relative risk (Table 3), based on
both sets of data. In order to convert these into estimates of



absolute risk, they must be multiplied by a factor determined
from a knowledge of the absolute incidence of 47,XXY in a
population with a known maternal age distribution. Such fig-
ures are available from a study of 17,522 consecutive liveborn
males between 1967 and 1978 in certain Scottish maternity
hospitals (Ratcliffe et al. 1986). A total of 23 non-mosaic
47, XXY males were ascertained and, by applying the relative
risks from Table 3 to the maternal age distribution for Scot-
iand in 1970-1974, we can estimate the multiplicative factor as
approximately 1.25 x 107> This suggests that, in the absence
of antenatal intervention, the livebirth incidence of 47, XXY
increases from 1 in ca. 800 (= 100 x 1.25 x 10™°) males at age
30, to 1 in ca. 570 at age 35,1 in ca. 330 at age 40 and 1 in ca.
150 at age 45. To our knowledge, there have been no other
large-scale studies of liveborn 47,XXYs with which to com-
pare these estimates. However, provided that prenatal losses
of 47,XXYs are assumed to be minimal, comparable figures
are available from studies of amniocenteses carried out solely
for reasons of advanced maternal age. For example, Table 2
of Schreinemachers et al. (1982), based on some 20,000 pre-
natal diagnoses and 25 47,XXYs, implies risks of 1 in 820
males at maternal age 34.6 years (equivalent to 35 years at
birth), 1 in 310 at age 39.6 and 1 in 120 at age 44.6. Similarly,
Table 10 of Ferguson-Smith and Yates (1984), based on some
53,000 prenatal diagnoses and 65 47,XXYs, implies risks of 1
in 1,340 at age 34.6, 1 in 350 at age 39.6in 1 in 90 at age 44.6.
In view of the large random errors associated with all these
figures (including our own), it is perhaps surprising that they
agree as well as they do.

Contrary to our findings, Ferguson-Smith and Yates (1984)
reported a significant independent effect of paternal age, in
addition to that of maternal age. Their result was based on a
subset of data containing only 23 47, XXYs, and may have been
fortuitous. Alternatively, an affect at very advanced paternal
ages might be more easily revealed by a study of amniocen-
teses than by one of liveborns. Such a possibility cannot be ex-
cluded at present.

Early studies suggested that the parental age effect in
47, XXY was confined to cases with a maternal supernumerary
X chromosome, but the samples were too small to provide sta-
tistical significante (Ferguson-Smith et al. 1964; Borgaonkar
and Mules 1970). Recently Jacobs et al. (1988), using molecu-
lar probes to determine parental origin, were able to confirm
the suggestion convincingly, and the present study provides
further evidence in its support. In both the study by Jacobs et
al. and the present one, there was a highly significant increase
in mean parental age for the ‘maternal’ cases, and no increase,
even a small decrease, for the ‘paternal’ cases. The latter result,
though only marginally statistically significant in the present
study and therefore possibly fortuitous, is of interest because
similar findings have been reported for 47, XYY (Carothers et
al. 1978), for 45,X (Kajii and Ohama 1979; Carothers et al.
1980; Ferguson-Smith and Yates 1984) and for trisomy 21 of
paternal origin (Hook and Regal 1984). A negative trend with
paternal age in the frequency of hyperhaploid sperm compli-
ments has also been reported (Martin and Rademaker 1987).
The present result therefore adds to a body of evidence
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suggesting that certain mechanisms leading to aneuploidy may
be associated with some reduction in risk at higher parental
ages.
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