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Is the prevalence of Klinefelter syndrome increasing?

Joan K Morris*,1, Eva Alberman1, Claire Scott2 and Patricia Jacobs3

1Centre for Environmental and Preventive Medicine, Wolfson Institute of Preventive Medicine, Barts and the London,
Queen Mary’s School of Medicine and Dentistry, Charterhouse Square, London EC1M 6BQ, UK; 2Chromosome
Abnormality Database, Oxford Genetics Laboratories, Churchill Hospital, Oxford OX3 7LJ, UK; 3Division of Human
Genetics, University of Southampton Medical School, Wessex Regional Genetics Laboratory, Salisbury District Hospital,
Salisbury SP2 8BJ, UK

The birth prevalence of sex chromosome trisomies (SCT), that is individuals with an XYY, XXY or XXX sex
chromosome constitution, is traditionally based on six surveys of unselected newborns carried out in the
1960s and early 1970s. All three SCTs had a prevalence of 1 in 1000 same sex births. We re-examined these
prevalences based on additional cytogenetic studies of newborn surveys, spontaneous abortions, perinatal
deaths and prenatal diagnoses. The more recent newborn surveys suggest there has been an increase in
the prevalence of XXYs, but not of the other two SCTs since the original newborn series. The prevalence of
XXYs has risen from 1.09 to 1.72 per 1000 male births (P¼0.023). We suggest that such an increase, in the
absence of an increase in the prevalence of XXX, is unlikely to be due to increased maternal age. As XXY is
the only chromosome abnormality known where a substantial proportion (B50%) arise as the result of
non-disjunction at the first paternal meiotic division, we speculate that some factor may be interfering
with pairing and/or recombination of the sex bivalent at the paternal MI division.
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Introduction
Traditionally, information on the prevalence of sex

chromosome trisomies is based on six large surveys of

consecutive newborns carried out in the late 1960s and

early 1970s (summarised by Hook and Hamerton in 1977).1

All three sex chromosome trisomies had a similar live birth

prevalence of 1 per 1000 same sex births. However, recent

data from the UK Chromosome Abnormality Database

showed a much greater number of prenatal diagnosis of

XXY (Klinefelter’s syndrome) than either XXX (Triple X) or

XYY (unpublished communication, Claire Scott). The

excess of XXY prenatal diagnoses could be explained either

by much greater fetal losses occurring in XXY, than in XXX

or XYY pregnancies between the time of prenatal diagnosis

and birth or by an increase in the prevalence, possibly due

to the increases in maternal age that have occurred since

the 1970s. If the latter were the case this should also apply

to XXX pregnancies, which like XXY pregnancies increase

in prevalence with maternal age. In this paper, we collate

the evidence on the prevalence of XYY, XXY and XXX from

studies on series of newborns, spontaneous fetal and

perinatal deaths and prenatal diagnoses to determine an

explanation for the greater numbers of XXY prenatal

diagnoses observed.

Materials and methods
Data sets
Newborn series Sixteen published series of consecutive

liveborns in which chromosome banding was used were
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identified using MEDLINE (Supplementary Table 1).2 – 17

Six studies started to collect data prior to 1971 and covered

the period 1967–1974.2 – 7 Their results were summarised

by Hook and Hammerton (1977);1 we will refer to these as

the early newborn studies. These studies are compared to

the 10 remaining studies that collected data from 1971 to

1988; referred to as the late newborn studies.8 – 17 The

details are given in Supplementary Table 1 and summarised

in Table 1. Nielsen et al collected two series of data from

consecutive liveborns from 1969 to 1974 and from 1980 to

1988. Hook and Hammerton included the series from 1969

to 1974 in their summary and it is therefore classified as

an early newborn study. The series from 1980 to 1988 is

classified as a late newborn study.

Spontaneous abortions and perinatal deaths Twelve

informative published series of spontaneous abortions in

which chromosome banding was used were identified.18–29

A small number of other such studies were not included

because only autosomal trisomies were specified, and sex

trisomies would have been grouped as ‘other’ anomalies.

Unpublished data from Warburton, Hassold and Ljunger

augmented these published data.

The series (Table 1 and Supplementary Tables 2 and 3)

were grouped into two sets. One was of products of

conception, naturally expelled or delivered by dilatation

and curettage, that were cultured for cytogenetic examina-

tion.18 – 23 The other was where the chromosomes of the

chorionic villi (CV), naturally expelled or obtained by

trans-abdominal or cervical sampling, were examined

directly without an intervening culture period.24 – 29 The

cultured series were mostly derived from surveys of women

attending hospital because of threatened or completed

abortion. These included pregnancies of later gestational

age and younger maternal age than the direct chorionic

villi series. The latter were mostly derived from women in

whom a first trimester prenatal ultrasound examination,

sometimes as a part of a formal prenatal screening test

for Down’s syndrome, had confirmed a fetal death. The

cultured series tended to predate the direct villi series.

The data on perinatal deaths in which the chromosomes

had been banded is very sparse and consists of only four

published surveys (Table 1 and Supplementary Table 4).30 – 32

Prenatal diagnoses We considered two large series from

the early 1980s giving the results of fetal amniocentesis

performed solely on the grounds that the mother was 35

years of age or over and therefore at an increased risk of

Down’s syndrome.33,34 These give us an unbiased picture

about the prevalence of different chromosome anomalies

at 15–17 weeks of gestation but only for mothers of 35

years of age or older (Table 1 and Supplementary Table 5).

More representative data are available from the UK

Chromosome Abnormality Database (CAD).35 Since January

1980 CAD has collected data from the majority of

cytogenetic laboratories in the United Kingdom on

chromosomal abnormalities they found in pre- and post-

natal diagnoses. We examined the CAD prenatal diagnoses

records, from January 1980 to May 2006 (Supplementary

Table 5). These include information on age of mother, date

of sample, sample used (amniocentesis vs CVS), fetal sex

and indications for prenatal diagnosis. The prevalences of

the sex chromosome trisomies cannot be estimated from

the CAD data as there are no data on the total number of

diagnostic tests that are performed.

The indications for prenatal diagnosis included (i)

maternal age alone, (ii) the results of testing for Down’s

syndrome based on algorithms using maternal age and/or

Table 1 Prevalence 47,XYY, 47XXY and 47,XXX in studies of newborns, spontaneous abortions, prenatal diagnoses and
perinatal deaths

Years of data Number of cases Prevalencea per 1000 (95% CI)

collection XYY XXY XXX XYY XXY XXX

Newborn studies
Early2 –7 1967–1971 42 41 21b 1.11 (0.82–1.50) 1.09 (0.80–1.47) 1.10 (0.71–1.68)
Late8–17 1971–1988 36 58 32 1.07 (0.77–1.48) 1.72 (1.33–2.23) 0.99 (0.70–1.40)

Spontaneous abortions
Culture18–23 1975–2005 1 17 3 0.2 (0.0–1.4) 4.2 (2.4–6.7) 0.7 (0.1–2.1)
CVS24–29 1987–2005 1 10 4 1.3 (0.0–7.2) 13.1 (6.3–24.0) 5.3 (1.4–13.4)

Perinatal deaths30–32 3 3 1 4.6 (0.9–13.4) 4.6 (0.9–13.4) 1.5 (0.0–8.5)

Prenatal diagnoses series
Amniocentesis series
all women 43533,34

1976–1981 28 112 85 0.77 (0.51–1.11) 3.08 (2.54–3.71) 2.34 (1.87–2.89)

CAD series 1980–2006 225 542 350 F F F

aThe prevalence of XXX is per 1000 female newborns karyotyped and the prevalence of XXY is per 1000 male newborns karyotyped.
bThe number of XXX births is fewer than those of XYY and XXY due to one large study only examining male babies.
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serum screening and nuchal translucency screening and

(iii) an abnormal ultrasound scan. Bias in the relative

frequencies of the different sex chromosome trisomies may

arise if, for example, XYY pregnancies were more likely to

be found to have abnormal serum markers that are used in

Down’s syndrome serum screening than XXX or XYY

pregnancies. However, there is no evidence that extreme

levels of the screening markers or abnormal ultrasound scans

are associated with an increased prevalence of any of the sex

chromosome trisomies at 15–17 weeks of gestation.36,37

Statistical methods

The prevalence of XXX is always expressed as a proportion

of all female pregnancies and the prevalence of XYY and

XXY are always expressed as the proportion of all male

pregnancies. In studies in which only the total number of

pregnancies is given, the split between male and female

fetuses is assumed to be 50:50.

Mosaics with a normal and a trisomic cell line are

included in all the analyses, as there is evidence that the

majority of such mosaics result from trisomic concep-

tions.38 All other mosaics have been excluded.

The live birth prevalence of XYY, XXY and XXX is

analysed by fitting Poisson regression models to determine

whether there is a difference in the prevalence of these

anomalies in the early newborn studies compared to the

later newborn studies. A random effects model is used to

estimate the average live birth prevalence.

Results
Newborn studies

Figures 1–3 illustrate the observed livebirth prevalence

from each of the studies for each of the sex chromosome

trisomies split according to the earlier and later studies.

Table 1 and Supplementary Table 1 summarize the overall

prevalence. Fitting Poisson regression models showed no

evidence of greater variance than expected between the

studies. There has been a statistically significant increase in

the prevalence for XXY of 59% (95% CI: 7–137%; P¼0.023).

For the earlier studies, the prevalence was 1.09 per 1000 live

births compared to 1.72 for the later studies. For XXX and

XYY there was no evidence that there has been an increase in

birth prevalence (P¼0.87 and 0.73 respectively), with both

having a prevalence of around 1.1 per 1000 births.

Spontaneous abortions and perinatal deaths

The prevalence of chromosomal anomalies in spontaneous

abortions is strongly associated with the gestational age at

karyotyping, since many chromosomal anomalies are lost

before the pregnancy has been recognised and karyotyped.

As described in the Methods section, the cultured series

were mostly derived from surveys of women attending

hospital because of threatened or completed abortion.

These included pregnancies of later gestational age and

younger maternal age than the direct villi series, which

were generally based on women in whom a first trimester

ultrasound scan had confirmed a fetal death. The cultured

series were more often contaminated with maternal cells

and the abnormality rate in the later series was higher.

Nevertheless, the pattern of the findings regarding the

sex chromosome trisomies was consistent (Table 1). XXYs

are much more frequent than the other two sex chromo-

some trisomies, in both series, although their prevalence

was highest in the first-trimester samples. XYY fetuses were

uncommon in all studies; only two cases were observed.

Therefore, the XXYs, and possibly the XXXs, are more

likely to abort spontaneously early in gestation prior to

prenatal diagnosis and also to be lost later after the time at

which prenatal diagnosis occurs.

The perinatal deaths include three cases of XXY, one of

XXX, and three of XYY. The numbers are very small and

the unexpectedly large number of XYYs in this group is

likely to be due to chance, although it may reflect a

propensity of such males to die in the perinatal period.

Prenatal diagnoses

Supplementary Table 5 shows that in the two large prenatal

diagnosis series (1977–1981), the prevalence of XXY is

about 30% higher than that of XXX (3.1 per 1000

compared to 2.3 per 1000). Both prevalences are higher

than in the newborn series. This may be due to the prenatal

diagnoses series being restricted only to women over 35

years of age and the fact that the risk of an XXX or XXY

pregnancy increases with maternal age. This is consistent

with the prevalence of XYY being the lowest, as maternal

age is not associated with XYY.

Data from the Chromosome Abnormality Database

(CAD) gives the number of prenatal diagnoses according

to whether the samples were from an amniocentesis or

chorionic villi (Supplementary Table 5). In the CVS and the

amnio samples, there were about 50% more cases of XXY

than of XXX. There were fewer cases of XYY observed than

of the other sex chromosome trisomies, which is as

expected due to the selection of mothers of high maternal

age. The ratio of XXY to XXX cases diagnosed remained

constant over the time of the register, but due to the small

sample sizes, there is very low power to detect any changes. We

further considered only the samples from women said to be

tested only because of raised maternal age (data not shown),

where there could be no bias due to selection by serum or

ultrasound markers or an abnormal scan. The findings in this

subgroup were similar to that of the total group.

Prevalence of XYY, XXY and XXX in clinically
recognised pregnancies

Table 2 uses the live birth prevalence estimated from the

later studies and the estimates from the spontaneous

abortions and perinatal deaths, to work backwards to

estimate the prevalence of the sex chromosome trisomies
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in all clinically recognised pregnancies. It assumes that

20% of all recognised pregnancies will end in a sponta-

neous abortion, 1% in a perinatal death and 79% in a live

birth. The prevalence for the spontaneous abortion series

is calculated as 20% of the mean of the two types of

spontaneous abortion series weighted according to the

number of sex chromosome trisomies identified. For

example for XXY 17 cases were identified in the cultured

series with a prevalence of 4.2 per 1000 and 10 cases were

identified in the direct villi series with a prevalence of 13.1

per 1000. The combined prevalence was calculated as

(17�4.2þ 10� 13.1)/(17þ10) ¼7.5 per 1000 and 20% of

this is 1.5 per 1000 (the figure in Table 2)

The prevalence in recognised pregnancies of XXY is

twice as great as that of XXX (2.91 per 1000 vs 1.47 per

1000), both being much greater than that of XYY (1.05 per

1000). Only 59% of XXY and 67% of XXX pregnancies

result in live birth but, due to the assumptions made to

obtain these figures, it is not possible to test whether they

are statistically, significantly different. However, they are

both clearly different from the approximate 100% of XYY

pregnancies that result in live birth.

Discussion
The greater number of prenatal diagnoses of XXY than

either XXX or XYY reported in the UK Chromosome

Abnormality Database is consistent with their prevalence

at birth in the later newborn surveys and the data on

spontaneous abortions and perinatal deaths. A comparison

of the later newborn surveys with the original newborn

surveys carried out in the late 1960s and early 1970s

demonstrated an increased birth prevalence of XXYs, but

not of XYYs nor of XXXs. While the apparent increase in

XXY might be the result of errors in the early new born

surveys there is no plausible reason why the XXYs but not

the XXXs or XYYs would have been underestimated.

Furthermore, the prevalence of XXYs is consistent among

the ten later surveys.

During the period of the early newborn series there were

no prenatal diagnoses and thus no selective terminations

of chromosome abnormalities. In contrast, during the

period of the later newborn surveys prenatal diagnosis was

introduced resulting in selective termination of some

chromosomally abnormal fetuses. Data from the Wessex

region between 1976 and 2005 indicates that XXYs were

.01 .05 .1 .5 1 2 10 20 100

Prevalence per 1,000 births

1.11 (0.82 – 1.50)

1.07 (0.77 – 1.48)

1.09 (0.87 – 1.36)

Newborn studies

Early studies
Lubs & Ruddle 2

Sergovich et al 3

Jacobs et al 4

Nielsen et al 5

Hamerton et al 6

Walzer & Gerald 7

Subtotal

Late studies
Bochkov et al 8

Kuleshov et al 9

Lin et al 10

Idzelene 11

Ferrari et al 12

Maeda et al 13

Buckton et al 14

Hansteen et al 15

Nielsen et al 17

Subtotal

Overall

Bratkowska et al 16

Figure 1 Live birth prevalence of XYY. Squares are estimates of prevalence sized according to the size of the study (studies with no affected babies
have no square). Horizontal lines are the 95% confidence intervals of the prevalence in each study. Empty diamonds are summary estimates of the
prevalence for the early and late studies. Full diamond is overall estimate of early and late series combined, with the vertical dashed line at the estimate.
The size of the diamond indicates the 95% CI.
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almost twice as likely to be selectively aborted than either

XXXs or XYYs (P Jacobs, personal communication) There-

fore, if these data are representative of other jurisdictions,

selective abortions of XXX or XYY pregnancies could not

explain the relative excess of XXY pregnancies in the later

newborn series. This relative excess could also not be

explained by any changes in ascertainment due to

improvements in technology, which would be expected

to effect all three SCTs equally.

It seems unlikely that the proportion of sex chromosome

trisomy conceptions that spontaneously abort has changed

since 1960, and therefore the higher prevalence in the later

birth surveys suggests that there was a higher prevalence at

conception of XXYs than at the time of the earlier surveys.

Studies of parental origin have found that around 50%

of XXYs are maternal and 50% paternal in origin.39,40

Maternal non-disjunction results in an ovum with two X

chromosomes, which theoretically is equally likely to be

fertilised by an X or a Y bearing sperm resulting in an equal

frequency of XXY and XXX conceptions of maternal

origin. Therefore, if the increase in XXY was due

to maternal non-disjunction, associated with increasing

maternal age, a similar increase should have been observed

in the XXX conceptions (as 95% of them are maternal in

origin).41 This was not seen. The XXYs of paternal origin

result from non-disjunction of the XY bivalent during

paternal MI,39 whereas virtually all XYYs result from

non-disjunction at paternal MII.42 Therefore, a possible

explanation for the increased prevalence of XXYs

compared to XYYs is an increase in the frequency of

non-disjunction of the paternal sex chromosomes in the

MI division of spermatogenesis.

A number of factors have been reported that interfere

with pairing, recombination or the detection of errors in

these processes, whose action is restricted to MI.43 Such

factors would be expected to be associated with XY non-

disjunction but not YY non-disjunction which happens at

MII.42 Furthermore, the very small homologous region of

the male sex bivalent is likely to make it particularly error

prone and it is well documented that XY non-disjunction

is associated with failure of occurrence of the obligate

recombination in the homologous region.39

We speculate that the apparent increase in XXY males, if

caused by an increase in errors in paternal MI, may result

Prevalence per 1,000 births
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1.09 (0.80 – 1.47)

1.72 (1.33 – 2.23)

1.36 (1.11 – 1.68)

Newborn studies

Early studies
Lubs & Ruddle 2

Sergovich et al 3

Jacobs et al 4

Nielsen et al 5

Hamerton et al 6

Walzer & Gerald 7

Subtotal

Late studies
Bochkov et al 8

Kuleshov et al 9

Lin et al 10

Idzelene 11

Ferrari et al 12

Maeda et al 13

Buckton et al 14

Hansteen et al 15

Nielsen et al 17

Subtotal

Overall

Bratkowska et al 16

Figure 2 Live birth prevalence of XXY. Squares are estimates of prevalence sized according to the size of the study (studies with no affected babies
have no square). Horizontal lines are the 95% confidence intervals of the prevalence in each study. Empty diamonds are summary estimates of the
prevalence for the early and late studies. Full diamond is overall estimate of early and late series combined, with the vertical dashed line at the estimate.
The size of the diamond indicates the 95% CI.
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from the same factors, presumably environmental, that are

associated with the well documented fall in sperm count

in our species.44 – 46 There are two observations that lend

some to support this suggestion. The frequency of

aneuploidy in sperm, studied using FISH technology,

(summarised in Hassold 1998)47 has shown 1% of sperm

Prevalence per 1,000 births

.01 .05 .1 .5 1 2 10 20 100

1.10 (0.71 – 1.68)

0.99 (0.70 – 1.40)

1.03 (0.79 – 1.35)

Newborn studies

Early studies

Lubs & Ruddle 2

Sergovich et al 3

Jacobs et al 4

Nielsen et al 5

Hamerton et al 6

Subtotal

Late studies

Bochkov et al 8

Kuleshov et al 9

Lin et al 10

Idzelene 11

Ferrari et al 12

Maeda et al 13

Buckton et al 14

Hansteen et al 15

Nielsen et al 17

Subtotal

Overall

Bratkowska et al 16

Figure 3 Live birth prevalence of XXX. Squares are estimates of prevalence sized according to the size of the study (studies with no affected babies
have no square). Horizontal lines are the 95% confidence intervals of the prevalence in each study. Empty diamonds are summary estimates of the
prevalence for the early and late studies. Full diamond is overall estimate of early and late series combined, with the vertical dashed line at the estimate.
The size of the diamond indicates the 95% CI.

Table 2 Estimated prevalence of 47,XYY, 47XXY and 47,XXX in recognised pregnancies using studies of newborns,
spontaneous abortions and perinatal deaths

Observed
prevalence per

1000

Proportion of all
recognised

pregnancies (%)

Prevalence
per 1000 recognised

pregnancies

XYY XXY XXX XYY XXY XXX
Spontaneous abortions

Culture (A) 0.2 4.2 0.7 20a 0.15 1.50 0.67
CVS 1.3 13.1 5.3

Perinatal deaths (B) 4.6 4.6 1.5 1 0.05 0.05 0.02

Newborn studies
Late (C) 1.07 1.72 0.99 79 0.85 1.36 0.78

Estimated total conceptions (A+B+C) 1.05 2.91 1.47
Prevalence live born
as % recognised pregnanciesb

Approx
100%

59% 67%

aThe prevalence per 1000 recognised pregnancies is calculated as 20% of the mean of the two types of spontaneous abortion series weighted
according to the number of sex chromosome trisomies identified.
bPrevalence live born, as % recognised pregnancies is the prevalence of total conceptions/prevalence in newborn studies (for example XXY¼1.36/
1.72¼59%).
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to be hyperhaploid in normal males and the sex chromo-

somes to be the most frequently involved. Secondly, when

the frequency of hyperhaploidy in sperm from men with a

low sperm count is examined the majority show an increase

in disomic sperm, which is especially marked for the sex

chromosomes. Martin et al48 compared hyperhaploidy in

males with mild, moderate and severe oligospermia and

found an increase in sex chromosome aneuploidy as the

sperm count fell. While there was a significant increase for

all three types of sex chromosome aneuploidy, it was much

more pronounced in the XY class where it reached a

frequency of 0.68% in the severely oligospermic males.

Similar results have been reported in other studies of non-

disjunction in low quality semen.49

The hypothesis that the increase in XXYs is the result

of an increase in paternal, rather than maternal, non-

disjunction could in principal be tested by comparing the

parental origin of a large series of XXY males born prior to

the 1970s with those born more recently. The hypothesis

predicts that the proportion of XXYs due to paternal non-

disjunction would be substantially higher in the latter than

the former group.
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