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Down syndrome and infertility: what support should we provide?
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Abstract
Down syndrome (DS) is the most common genetic disease at birth; on average, it affects 1 in 700 newborns. The syndrome
features cognitive impairment, susceptibility to certain diseases, and (in some cases) congenital malformations. Improvements in
medical care for people with DS have led to an increase in life expectancy. Furthermore, the systematic provision of specific
support during childhood improves cognitive function and autonomy in adulthood. Consequently, patients and their families are
now seeking the same rights as healthy people. Access to procreation is an emerging debate. The presumption of infertility in DS
is based on a few old studies. Down syndrome appears to cause spermatogenesis defects in men and premature menopause in
women.When assisted reproductive technology makes it possible to solve these problems, the question of fertility in DSmust be
addressed. Without entering into highly controversial ethical considerations related to parenthood for people with DS, we
reviewed the literature on fertility in DS and tried to specify the associated genetic risk.
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Down syndrome

Etiology

Down syndrome (DS) is a genetic disease caused by the pres-
ence of an extra (third) chromosome 21. In most cases, the
extra chromosome is free and present in all cells, but in a few
cases, the extra chromosome is not free (i.e., it bears a
Robertsonian translocation) and/or is not present in all cells
(i.e., resulting in mosaicism). Although the cell possesses
three copies of the 255 genes carried on chromosome 21, only
overexpression of the genes located within the Down syn-
drome critical region [1] appears to be responsible for DS
phenotype. Down syndrome is currently the most common

genetic disease, since it affects 1 in 700 individuals at birth
[2]. The frequency of DS in the child increases with maternal
age because of the premature separation of sister chromatids
during meiosis [3].

Since the mid-1970s, developed countries have set up pre-
natal screening programs so that the parents of affected fetuses
can decide whether or not to terminate the pregnancy.
Screening of free fetal DNA in maternal blood is now ex-
tremely efficient, with specificity and sensitivity values close
to 99% [4].

Characteristics of the disease

Down syndrome is the only homogeneous autosomal trisomy
(i.e., a trisomy that affects all cells) in which affected people
survive after puberty. The three main clinical characteristics of
DS (described for the first time by L. Down in 1866) are as
follows: (i) highly specific and recognizable dysmorphisms;
(ii) cognitive impairments, and (iii) frequent cardiac, endo-
crine, and ophthalmologic complications. Life expectancy is
linked to survival of the first 5 years of childhood (congenital
heart disease, digestive tract malformations, hypothyroidism,
and susceptibility to infection are the main causes of death in
childhood [5]) and premature aging in the forties (Alzheimer’s
disease [6], obesity, and cardiovascular diseases [7]). At
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present, the mean life expectancy in DS is around 55 y.o. and
continues to increase.

Intellectual disability in DS is thought to be linked to a low
in total volume brain (involving gray and white matter) at birth
[8]. This feature might be related to abnormally low cell pro-
liferation during neurogenesis, an imbalanced neuron/
astrocyte ratio, and accentuated apoptosis [9].

The lack of gray and white matter is mainly due to the
negative impact of four overexpressed genes: DYRK1A,
APP, SOD1, and RCAN1 [10]. This overexpression is associ-
ated with the activation of the p53, STAT3, and caspase sig-
naling pathways, which leads to the apoptosis of neuronal
cells [9], prevents the differentiation of neuroblasts into neu-
rons, promotes the differentiation of neuroblasts into astro-
cytes [11], and thus ultimately alters the proliferation of neu-
ronal precursor cells [10]. Although intellectual disability is
always present in DS, the absolute magnitude of intellectual
disability varies from one individual to another. The mean
intellectual quotient (IQ) is around 60, i.e., 40 points below
the average for Bhealthy^ individuals.

As mentioned above, DS is caused by the overexpression
of genes located on chromosome 21. In the brain, this over-
expression is also responsible for early-onset Alzheimer’s dis-
ease (i.e., at around the age of 40). Interestingly, amyloid
precursor protein (APP, the major protein responsible for
Alzheimer disease) is encoded by the APP gene on chromo-
some 21 and is therefore overexpressed in cases of DS [12].

Desire for integration and autonomy on behalf
of patients

Five percent of people with DS have an IQ close to the normal
threshold (80), and it has been found that early provision of
cognitive and behavioral therapy tends to increase this propor-
tion [13]. These patients can live independently and thus are
now seeking to integrate into society [14]. According to var-
ious studies, the proportion of people with DS who can read,
write, and live independently varies as a function of their
education and their IQ [15]. Hence, these people are more
integrated socially and, in some cases, wish to have children.

Fertility and parenthood

Difficulties caused by cognitive impairment in DS

In the past, sterilization of patients with intellectual disability
was the rule; it was assumed that such people were not able to
take care of or educate their children, and should not be
allowed to risk transmitting their intellectual disability to off-
spring. Setting aside the mutilatory nature of this practice
(which is supposed no longer practiced today), sterilization
is unjustified for at least two reasons. Firstly, 5% of people

with DS have an IQ similar to that of Bhealthy^ individuals
(i.e., between 80 and 120), who are allowed to reproduce.
Secondly, many people with DS do not necessary wish to have
a child. Although sterilization is no longer countenanced, one
can legitimately question the educational impact on a child
raised by parents with a significant developmental disability
or cognitive impairment. This question has been addressed in
several studies, and the results have varied markedly. In some
studies, the educational process has been problem-free (for
both the child and the parents), whereas other studies have
found that parents fail to take responsibility for the child or
under-stimulating the child [16]. These disparate results might
prompt concerns about education, learning, and perhaps even
neglect or abuse. It should be noted that 43% of children born
to parents with mental retardation themselves are mentally
retarded; in most cases, however, this is not due to somatic
or psychological illnesses [16]. However, similar situations
can be observed in families without intellectual disabilities
or with previously unidentified intellectual disabilities. The
true risks for children born to parents with intellectual disabil-
ities have not really been established. Furthermore, there are
no cognitive prerequisites for parenthood in the general pop-
ulation or among people seeking to access assisted reproduc-
tive technology (ART). Furthermore, studies have shown that
more than half of people with DS do not exhibit behavioral
problems [17]; hence, their children would not necessarily be
exposed to a major risk. A similar analysis of patients with
early-onset dementia would be of value.

Difficulties associated with DS

In addition to a low IQ, many other comorbidities are associ-
ated with DS (diabetes, depression, sleep apnea, hypothyroid-
ism, etc.) and worsen the patient’s medical condition [12]. As
mentioned previously, DS is associated with early dementia
(in the forties), which significantly impairs personal indepen-
dence and parenting abilities.

Fertility in men with DS

Observation of partial gonadal dysfunction

Only three cases of spontaneous conception in men with DS
have been described in the literature [18–20]. This low num-
ber may be due to the small percentage of sexually active
patients or those wishing to have children. According to the
literature data, this low number may also be due to partial
gonadal dysfunction. Indeed, many studies have reported im-
paired spermatogenesis and Sertoli and Leydig cell dysfunc-
tion in men with DS. Men with DS appear to experience a
normal puberty, which starts at the usual age. After puberty,
however, the testicular volume falls, the production of gonad-
otropins rises, and the gonadal dysfunction worsens with age.
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The increased production of luteinizing hormones and
follicle-stimulating hormones [21] and decreased production
of anti-Müllerian hormone [22] evidence the Sertoli and
Leydig cell dysfunction [23]. Other studies have shown that
the sperm count is abnormally low in men with DS; the
resulting azoospermia or oligospermia may be associated with
damaged spermatogenesis [24]. This impairment might be
caused by (i) a sorting mechanism that eliminates aneuploid
gametes produced during spermatogenesis, (ii) meiotic failure
[25], or (iii) post meiotic failure [26]. Other hypotheses in-
clude the effect ofDYRK1A overexpression on the maturation
of primordial germ cells, which reduces the spermatogonial
reserve [27].

Assisted reproductive technology and DS

As described above, people with DS wishing to have children
may face a number of difficulties. Previously, only spontane-
ous pregnancies have been reported in literature—all fathered
by men with DS and a normal sperm count. The most recently
reported cases include men with DS who used ART
(intracytoplasmic sperm injection, ICSI) [28] and, in some
instances, pre-implantation genetic diagnosis (PGT-A) of the
embryos. This strategy revealed that only 1 of the 13 tested
embryos exhibited mosaic trisomy. Hence, spermatogenesis in
men with DS does not appear to produce one in two sperma-
tozoa with trisomy as one would expect; meiosis appears to
sort the spermatozoa, which might explain infertility in men
with DS. If ICSI + PGT-A might constitute a solution for men
with DS to be confident regarding the aneuploidy status and
especially for DS, this risk is probably dramatically lower
compared with maternal age one.

Fertility in women with DS

Early menopause

As in men with DS, puberty appears to be normal in women
with DS and starts at the same average age as in the healthy
population. Women with DS are fertile, since many cases of
maternity have been reported [29]. However, the literature
data have highlighted early menopause in women with DS
(relative to a healthy population) and a marked decrease in
levels of anti-Müllerian hormone [30]. Hence, even though
fertility does not seem to be directly impacted, premature
menopause in women with DS will reduce their ability to
conceive a child at the desired time. As with men with DS,
this premature ovarian failure might be associated with a re-
duced ovarian reserve [31] due to oogenesis failure and/or
lower levels of primordial cell maturation. Access to an oocyte
donation program could be considered in this situation.

Intellectual disability/Alzheimer’s disease
and the menopausee

Given that early menopause leads to estrogen deficiencies
known to be associated with an increased risk of dementia
[32] and/or cognitive impairment [33], several studies have
studied this association in DS—a disease that naturally pre-
disposes to dementia [34]. In women with DS, an early estro-
gen deficiency is associated with the onset of Alzheimer’s
disease [35]. This raises the question on the impact of early
parental dementia on a child’s development.

The chromosomal risk

In addition to questions related to the impact of intellectual
disability and early dementia on parenting, another significant
risk for individuals with DS would be the transmission of the
pathology to their offspring. According to the literature data,
all the children fathered by a man with DS (with or without
ART) have been healthy [28]. In contrast, one out of three
children born to a woman with DS themselves have DS
[29]. Hence, the risk of transmission of DS differs dramatical-
ly for men vs. women with DS.

There are two possible explanations for this difference.
Firstly, spermatozoon sorting probably occurs during
spermatogenesis—limiting the production of aneuploid sperma-
tozoa and thus impairingmale fertility. However, this hypothesis
has not yet been proved, and the small number of cases of
paternity prevents an accurate study of the likelihood of trans-
mission. Furthermore, if meiotic arrest occurs during spermato-
genesis, why would it not occur during oogenesis? In mouse
models, defects in genes associated with sperm meiotic arrest
and azoospermia (e.g., SYCE1) also induce premature ovarian
failure [36, 37]. Secondly, considering that maternal ovarian age
is likely to be associated with an elevated risk of DS, whatever
the karyotype [38], we could hypothesize that the elevated fre-
quency of children with DS born to womenwith DS is related to
the elevatedmaternal ovarian age rather than extra chromosome.
Oocyte donation might be an option in cases of premature ovar-
ian deficiency and an elevated risk of aneuploidy.

Conclusion

The literature data suggests that fertility is impaired in people
with DS. Nevertheless, some people with DS have become
parents, and others are seeking to have children. A case-by-
case evaluation appears to be necessary, in order to assess (i)
the person’s ability to care for and educate a child and (ii) the
rationale for access to ART and/or oocyte donation programs.
Such evaluation needs to be multidisciplinary including psy-
chologist and clinics/practitioners willing to undertake these
cases. Furthermore, the cost and access to treatment in
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countries without insurance or that are government funded
must be considered; DS may not be able to afford assisted
reproduction.
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