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Sex differences in reproductive fitness contribute to
preferential maternal transmission of
22q11.2 deletions
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ABSTRACT
Background 22q11.2 deletion syndrome (22q11.2DS)
is the most common microdeletion syndrome in humans.
In a minority of patients, the underlying 22q11.2 deletion
is found to have been inherited, usually from an affected
mother. Serious neuropsychiatric conditions that are
commonly associated features of 22q11.2DS could
disproportionately affect reproductive success in males.
Methods This study compared standard measures of
reproductive fitness (mean number of liveborn
offspring and proportion childless) in 141 Canadian adults
with 22q11.2DS (cases) and their 200 unaffected siblings
(controls). Multivariate regression models were used to
identify phenotypic predictors of fitness in 22q11.2DS.
Results The adults with 22q11.2DS had significantly
fewer children than their siblings (p<0.0001, relative
fitness¼0.28); 85.8% were childless. As expected,
younger age (p<0.0001), mental retardation (p¼0.0211),
and schizophrenia (p¼0.0046) were significant negative
predictors of reproductive fitness in 22q11.2DS; however,
serious congenital heart disease was not. Female sex
emerged as a significant positive predictor of fitness
independent of the major neuropsychiatric phenotypes
(p¼0.0082). Post-hoc analyses corroborated these sex
differences. Notably, fitness in women with 22q11.2DS
with neither mental retardation nor schizophrenia was not
significantly different from that of unaffected female
siblings.
Conclusions There is a strong negative selective
pressure against 22q11.2 deletions. This appears to be
primarily mediated by the severity of the neuropsychiatric
phenotype and an independent sexual selection effect.
The latter also contributes to the observed excess of
transmitting mothers. These results may have
implications both for the evolutionary biology of this
structural rearrangement and for genetic counselling and
reproductive services for adolescents and adults with
22q11.2DS.

INTRODUCTION
22q11.2 deletion syndrome (22q11.2DS) (MIM
188400/192430) is the most common microdeletion
syndrome in humans, with males and females
equally affected.1 2 There is near complete pene-
trance of the associated hemizygous chromosome
22q11.2 interstitial deletion for any single observ-
able feature.3 Expression is highly variable,
however, and may include various congenital and
later onset manifestations such as major congenital

heart disease (CHD) in 30e40%, mental retarda-
tion (typically mild) in 30e40%, and schizophrenia
in 20e25%.2 4 5

22q11.2 deletions originate as de novo events
mediated by non-allelic homologous recombina-
tion,6 with low copy repeat sequences flanking the
deletion and defining the common breakpoints.7 In
newly diagnosed patients, only 5e10% of 22q11.2
deletions are found to be inherited,8e10 with
a tendency for an excess of those of maternal
origin.9e12 The reasons for this are unknown, but
sex differences in reproductive fitness of individuals
with 22q11.2DS have been posited.9 11

Mortality in infants and children with
22q11.2DS is low in an era of modern cardiac
surgical and other interventions,1 2 and overall
diminished life expectancy would be expected to
have a minimal impact on the typical reproductive
period.13 Thus some have proposed that 22q11.2
deletions may no longer be associated with the
extremely reduced reproductive fitness14 that
would be predicted by low rates of survival to
adulthood and resulting negative selection.10 There
are, however, no direct studies of fitness in
22q11.2DS.
We studied reproductive fitness in 141 Canadian

adults with 22q11.2DS and their 200 unaffected
siblings. Based on the severity of the overall pheno-
type, we hypothesised that the mean number of
liveborn offspring per subject with 22q11.2DS would
be lower and that the proportion childless would be
greater than for their siblings without 22q11.2 dele-
tions. Furthermore, we predicted that decreased
fitness within 22q11.2DS would be primarily asso-
ciated with younger age and three phenotypes with
independent evidence of fitness effects: CHD,15 16

mental retardation,17 and schizophrenia.18 19 We
assessed sex as an independent factor but made no
prediction, given that the neuropsychiatric condi-
tions considered are known to have a dispropor-
tionate effect on the ability of men to find partners
and to reproduce.18 19

METHODS
Participants
We considered all subjects with 22q11.2DS affili-
ated with a single clinic who were 18 years or older
at last follow-up. As previously described, this is
a well characterised cohort, with the majority
ascertained for study because of CHD or a psychi-
atric disorder.13 All met clinical criteria for
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22q11.2DS and were confirmed to have a chromosome 22q11.2
deletion by standard methods.8 Age was recorded to the nearest
0.01 year as at 1 June 2011, at death, or at date of last contact for
families lost to follow-up. As before, we classified CHD by
structural complexity20 and considered only major CHD (eg,
tetralogy of Fallot).13 A Diagnostic and Statistical Manual of
Mental Disorders (DSM-IV) diagnosis of mild, moderate, or
severe mental retardation (collectively termed ‘mental retarda-
tion’ in this study) was determined from functioning and IQ
testing results.21 Also, as before, we confirmed DSM-IV lifetime
diagnoses of schizophrenia, schizoaffective disorder, or psychotic
disorder not otherwise specified (collectively termed ‘schizo-
phrenia’).22 Informed consent was obtained in writing, and the
study was approved by local research ethics boards.

The comparison group for this caseecontrol study consisted
of all unaffected full siblings ($18 years) of those with
22q11.2DS.13 Fourteen siblings from eight families were
excluded because they had not yet reached 18 years of age. Eight
subjects with 22q11.2DS had no siblings, 10 had only half-
siblings, and two were adopted with no information about
biological siblings. As in a previous study,13 in families where the
subject with 22q11.2DS was known to have inherited a 22q11.2
deletion or where parental deletion status was unknown, we
included siblings only if they had negative results on testing for
a 22q11.2 deletion and/or did not meet clinical screening criteria
for 22q11.2DS. Extensive family history data from multiple
sources and regular updates from family contacts provided
information on demographics and health status, including
offspring, mortality, and presence of CHD, mental retardation,
and schizophrenia, for all siblings.13

Evaluations
Reproductive fitness was estimated by the average number of
liveborn offspring per subject in a specified group.14 18 The
proportion of individuals childless was considered as an addi-
tional proxy for fitness.18 Data on the number of children born
to study participants were collected via direct interviews and/or
through collateral information from family history supple-
mented by genealogical records. Other pregnancy outcomes (eg,
miscarriages, stillbirths) were not considered.18 We also recorded
whether subjects were ever in a serious romantic relationship,
which included marriage or a common-law arrangement of
one year or more.

Analyses
Reproductive fitness in the 22q11.2DS group (total, and by sex)
was compared with reproductive fitness in the unaffected sibling
group using a KruskaleWallis test, a conservative non-para-
metric test selected to limit potential bias from a non-normal
distribution. Standard statistical tests were used for other
between- and within-group comparisonsdthat is, Student t test
for other continuous variables, and Pearson’s c2 or Fisher ’s exact
test for childlessness and other categorical variables. We also
identified phenotypic predictors of reproductive success within
each group using a multivariate linear regression model for
reproductive fitness and a multivariate logistic regression model
for childlessness (a dichotomous variable), and post-hoc t tests
for individual regression coefficients.23 The clinically selected
independent variables assessed in the models were age, sex, and
CHD, mental retardation, and schizophrenia status. Following
standard procedures, a forward selection method was used
to identify significant interaction terms.23 All analyses were
two-tailed and performed using SAS v.9.2,24 with statistical
significance defined as p<0.05.

RESULTS
Overall reproductive fitness in 22q11.2DS
The adults with 22q11.2DS and their unaffected siblings were
similar in age and sex distribution, but showed the expected
differences in the clinical phenotypic characteristics of CHD,
mental retardation, and schizophrenia (table 1). There were no
significant within-group or between-group differences by sex for
any of the demographic or clinical variables considered (data not
shown).
As predicted, the mean number of liveborn offspring in the

22q11.2DS group was significantly lower and the proportion
childless was significantly greater than for their siblings without
the 22q11.2 deletion (table 2 and supplementary table 1). These
differences remained significant but were somewhat less
pronounced in women than in men (table 2). Overall, 16 (22.5%)
of the 71 women with 22q11.2DS were parents, compared with
four (5.7%) of the 70 men (p¼0.0067). Examining the parents
and considering the number with more than two liveborn
offspring, we found there were four (20.0%) in the 22q11.2DS
group and 26 (29.2%) in the unaffected sibling group
(p>0.9999). All four with 22q11.2DS were women, compared
with 14 (53.8%) of the 26 siblings (p¼0.1297).

Table 1 Demographic and clinical characteristics of 141 adults with 22q11.2 deletion syndrome and
their 200 unaffected siblings

22q11.2DS
(n[141)

Unaffected siblings
(n[200) Analysis

Mean (SD) Mean (SD) p Value

Demographics

Mean age for those <45 years old and alive 29.0 (6.8) 30.2 (7.0) 0.1734*

Main phenotypic groups and features n (%) n (%) p Value

Proportion age $45 years old or deceased 33 (23.4) 48 (24.0) 0.8987y
Female sex 71 (50.4) 104 (52.0) 0.7647y
Major congenital heart disease 60x (42.6) 0 (0.0) <0.0001z
Mental retardation 67 (47.5) 3 (1.5) <0.0001z
Schizophrenia 55 (39.0) 2 (1.0) <0.0001z
Neither mental retardation nor schizophrenia 53 (37.6) 195 (97.5) <0.0001z

22q11.2DS, 22q11.2 deletion syndrome.
*Student t test (t¼1.4, df¼257).
yPearson’s c2 test (c2<0.1, df¼1).
zFisher’s exact test.
xn¼48 with tetralogy of Fallot (with or without pulmonary atresia), n¼6 with interrupted aortic arch type B, n¼3 with pulmonary
atresia, n¼1 with truncus arteriosus, n¼1 with double inlet left ventricle, and n¼1 with ventricular septal defect and right ventricular
outflow tract obstruction; n¼2 (both women) with inoperable lesions.
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Within-group analyses of reproductive fitness
In the 22q11.2DS group, the multivariate linear regression model
for reproductive fitness was highly significant (F (5,135)¼10.7,
p<0.0001; adjusted R2¼0.26). Consistent with our hypothesis,
younger age (t¼5.1, df¼131, p<0.0001), mental retardation
(t¼2.3, df¼1, p¼0.0211), and schizophrenia (t¼2.9, df¼1,
p¼0.0046) were significant negative predictors of fitness.
Contrary to our prediction, however, CHD status was non-
contributory (t¼0.2, df¼1, p¼0.8693). Notably, female sex was
a significant independent positive predictor of fitness (t¼2.7,
df¼1, p¼0.0082). There were no significant interaction terms.
The multivariate logistic regression model for childlessness
(likelihood ratio test: c2¼42.4, df¼5, p<0.0001) yielded
comparable results (data not shown). In the unaffected sibling
group, while age showed similar results as in the 22q11.2DS
group, female sex was not a significant predictor of either fitness
measure (data not shown).

Post-hoc analyses
The observed between-group differences in reproductive fitness
cannot be attributed to any differences in mean age between the
adults with 22q11.2DS and their unaffected siblings. Cross-
sectional comparisons between age matched groups may not,
however, distinguish between decreased fitness and delayed
reproduction.18 We therefore repeated our analyses using
subgroups with completed fertilitydthat is, those individuals
likely to be through the reproductive period ($45 years or
deceased).18 25 Comparable differences to those in the overall
sample were present between the adults with 22q11.2DS and
their unaffected siblings, and between the men and women with
22q11.2DS (table 2). We note that the fitness of unaffected
siblings with completed fertility was similar to the Canadian
average reported for the 5 year period from 2004 to 2008
(1.6 children per woman).26

Second, to further examine sex effects on reproductive fitness
in 22q11.2DS, we undertook post-hoc exploratory analyses
involving the subsets of adults without major neuropsychiatric
phenotypesdthat is, those with neither mental retardation nor
schizophrenia. The results showed that reproductive fitness in
women with 22q11.2DS in this subgroup was comparable to
that of unaffected female siblings, but fitness in men with
22q11.2DS was still significantly less than in the male siblings

(table 2). A multivariate linear regression model for reproductive
fitness in this 22q11.2DS subgroup, with sex, age, and CHD as
independent variables, was highly significant (F (3,49)¼19.8,
p<0.0001; adjusted R2¼0.52). As before, age (t¼7.0, df¼1,
p<0.0001) and female sex (t¼3.1, df¼1, p¼0.0035) were signif-
icant predictors of fitness and there was no appreciable impact of
CHD (t¼1.1, df¼1, p¼0.2882). The corresponding logistic
regression model for childlessness (likelihood ratio test: c2¼27.0,
df¼3, p<0.0001) showed similar results (data not shown).

Timing of reproduction
There was no significant between-group difference in mean age
at first child (22q11.2DS: 26.0 years, siblings: 26.3 years; t¼0.2,
df¼102, p¼0.8155). There was, however, a non-significant trend
towards an older mean age at first child among the men with
22q11.2DS (31.3 years) compared with the men in the unaf-
fected sibling group (27.0 years; t¼1.6, df¼38, p¼0.1122). The
men with 22q11.2DS were on average significantly older than
the women when they had their first child (males: 31.3 years,
females: 24.7 years; t¼3.8, df¼18, p¼0.0014).

Transmission of 22q11.2 deletions to offspring
Consistent with the expected transmission pattern,1 19 (51.4%)
of the 37 total offspring born to individuals with 22q11.2DS are
known, or suspected based on clinical features, to have inherited
the 22q11.2 deletion. The sex of the parent with 22q11.2DS had
no appreciable impact on the rate of transmission of the deletion
to offspring (16 mothers with 15 of 30 offspring affected and
four fathers with four of seven offspring affected). Of the seven
offspring born to men with 22q11.2DS, four sons inherited the
22q11.2 deletion and three daughters did not (p¼0.0286). This
was in contrast to the nine sons and six daughters who did, and
the six sons and nine daughters who did not, inherit the deletion
from their mothers with 22q11.2DS (p¼0.4661).

Serious romantic relationships and mating success
A comparable prevalence of serious romantic relationships in
both adults with 22q11.2DS and their unaffected siblings would
suggest that impaired fertility may underlie the observed lower
reproductive fitness in the 22q11.2DS group. However, signifi-
cantly fewerd25 (17.7%; 20 females) of the 141 adults with
22q11.2DSdhad ever had a serious romantic relationship,

Table 2 Reproductive fitness in a sample of adults with 22q11.2 deletion syndrome and their unaffected siblings

22q11.2 deletion syndrome Unaffected siblings Analyses

Total

Childless
subjects

Live born
offspring Total

Childless
subjects

Live born
offspring Childlessness*

Live born
offspringy Relative

fitnessz
n n (%) Max Mean n n (%) Max Mean c2 p Value H p Value

All subjects 141 121 (85.8) 4 0.2624 200 111 (55.5) 5 0.9250 34.9 <0.0001 35.4 <0.0001 0.2837

Males 70 66 (94.3) 2 0.1000 96 56 (58.3) 4 0.8438 26.9 <0.0001 26.4 <0.0001 0.1185

Females 71 55 (77.5) 4 0.4225 104 55 (52.9) 5 1.0000 10.9 0.0010 11.7 0.0006 0.4225

Subgroup with completed fertility

All subjects 33 24 (72.7) 4 0.6364 48 15 (31.2) 5 1.5208 13.5 0.0002 10.9 0.0010 0.4185

Males 16 13 (81.2) 2 0.3125 27 10 (37.0) 4 1.4444 x 0.0103 8.4 0.0037 0.2164

Females 17 11 (64.7) 4 0.9412 21 5 (23.8) 5 1.6190 x 0.0201 3.4 0.0671 0.5814

Subgroup with neither mental retardation nor schizophrenia

All subjects 53 37 (69.8) 4 0.5472 195 108 (55.4) 5 0.9333 3.6 0.0588 4.3 0.0377 0.5863

Males 27 23 (85.2) 2 0.2593 95 56 (58.9) 4 0.8421 x 0.0123 6.3 0.0118 0.3079

Females 26 14 (53.8) 4 0.8462 100 52 (52.0) 5 1.0200 <0.1 0.8666 0.2 0.6229 0.8296

*Pearson’s c2 test.
yKruskaleWallis test.
zIn the absence of age differences, defined as a simple ratio of mean numbers of liveborn offspring in 22q11.2DS compared to the corresponding unaffected sibling mean; the latter therefore
has a relative fitness set at 1.0.
xFisher’s exact test.
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compared with 114 (57.0%; 62 females) of the 200 unaffected
siblings (c2¼52.8, df¼1, p<0.0001). Similar significant between-
group differences were observed with males or females only
(data not shown). Sex differences in fitness within 22q11.2DS
were also paralleled by similar differences in rates of romantic
partnerships, with fewer in males (five of 70) than in females
(20 of 71; p¼0.0016). Notably, of the childless adults with
22q11.2DS, only one male and five females had a history of such
relationships.

DISCUSSION
In a contemporary sample of adults with 22q11.2DS, we found
that overall relatively few had children and that reproductive
fitness was significantly lower than in their unaffected siblings.
Notably, across all analyses there was a prominent independent
effect of sex on fitness in 22q11.2DS. The results suggest for the
first time that a central contributor to a previously observed
excess of maternal transmission of 22q11.2 deletions may be the
disproportionately reduced reproductive fitness of men with this
deletion. Interestingly, there appears to be a similar tendency for
de novo 22q11.2 deletions to originate preferentially on the
maternal chromosome.8 27 28 This is likely to be a distinct
phenomenon mediated by a separate mechanism.8

As predicted, younger age, mental retardation, and schizo-
phrenia were significant negative predictors of reproductive
fitness in 22q11.2DS. The effect of neuropsychiatric conditions
was primarily observed in the females in this sample, as there
were overall only four fathers with 22q11.2DS, but we note that
these four men had neither mental retardation nor schizo-
phrenia. Contrary to our initial hypothesis, however, major
CHD had no appreciable impact on fitness in the 141 adults
studied. Several previous reports of parents found to have
22q11.2 deletions after transmitting the deletion to offspring
were remarkable for a relative paucity of individuals with
CHD.9e12 This suggested the possibility that CHD could
substantially reduce fitness, by lessened mating15 and/or
increased mortality,16 for example. While there may certainly be
some effect of serious CHD on mating success and reproductive
choices in 22q11.2DS, our results did not support CHD as
a major contributor to fitness in this sample. Our results
may also reflect the contemporary expectation of survival of
individuals with major CHD to reproductive age and beyond.29

The results show a rather surprising extent of the sex differ-
ences in reproductive fitness in 22q11.2DS. These appeared to be
independent of the major neuropsychiatric phenotypes mental
retardation and schizophrenia, which are relatively common in
22q11.2DS. Indeed, in the 22q11.2DS group, women with
neither of these conditions showed reproductive fitness that
approached that of unaffected sisters of probands with
22q11.2DS, while men with neither condition had about 30% of
the offspring of the unaffected male siblings (table 2). There are
several possible explanations for these findings. First, fertility in
22q11.2DS could be preferentially impaired in men.9 There is no
evidence for this in the literature12 30 nor in our data, but
fertility has not yet been directly studied. Second, there could be
increased mortality in early adulthood (age <45 years) in men
with 22q11.2DS.11 The only study of longevity after childhood
in 22q11.2DS reported on just 12 adult deaths.13 Third, there
may be an ascertainment bias, with mothers more often avail-
able to be tested for the 22q11.2 deletion. Fourth, there may be
sex differences in mating success. For example, delayed
emotional/behavioural maturity in 22q11.2DS31 may have
a disproportionate impact on men with respect to the ability to
establish or sustain intimate relationships. Consistent with this

possibility are our findings of delayed reproduction in those men
who did father children and a significantly lower rate of
romantic partnerships in men. A relative increase in female
fitness, perhaps driven by a subgroup of women, could also
contribute. Borderline intellectual deficits, impaired judgement,
and/or increased vulnerability to exploitation have been posited
to explain similar observations in other disorders.18 32 33 The sex
differences in reproductive fitness in 22q11.2DS clearly warrant
further study.
An unexpected finding was an apparent sex bias involving

preferential paternal transmission of the 22q11.2 deletion to
sons. This was based on few observations, however (offspring of
only four fathers). We therefore examined the literature for
studies reporting on comparable data (reviewed in part else-
where11 12). Including the current study, 33 men with 22q11.2DS
fathered significantly more affected sons (n¼34) than affected
daughters (n¼17; p¼0.0120); there was no significant sex bias in
transmission of the 22q11.2 deletion to offspring of mothers
with 22q11.2DS (data not shown).10e12 34e36 Possible explana-
tions for this observation include a parent-of-origin effect that
has a disproportionate impact on male or female offspring,
a differential impact of sex chromosomes on the viability of
sperm carrying a 22q11.2 deletion, or an ascertainment or
reporting bias. Further epidemiological and molecular studies
would be needed to confirm these intriguing observations and
elucidate their associated biology.

Advantages and limitations
This is the first study of reproductive fitness in 22q11.2DS, and
the first to compare directly potential contributory phenotypes
in adults with 22q11.2DS. We considered a large, well charac-
terised cohort of individuals with 22q11.2DS somewhat
enriched for major CHD, mental retardation, and schizophrenia,
which provided sufficient power to assess the impact of each of
these features on fitness and to identify differences of large effect
in pertinent subgroups. Previous reports of adults with
22q11.2DS with children were enriched for transmitting parents
(ie, individuals ascertained after the birth of an affected
child).9e12 For example, in the largest previous study that
provided detail on family structure, 26 (81.2%) of the 32 total
offspring of 20 parents with 22q11.2DS were affected (excluding
n¼2 offspring who died before deletion studies).10 The approx-
imately 50% recurrence risk observed in offspring in our study
suggests we may have results that reflect a more representative
portrait of parents with 22q11.2 deletions and their offspring.
Use of unaffected siblings as a comparison group allowed us to
control for the known effects of family structure and culture on
fitness.14 18 25

On the other hand, our study has several limitations. We have
relied on the assumption that the vast majority of liveborn
offspring will survive to reproductive age and beyond.1 2 We did
not account for assortative mating, a phenomenon, ubiquitous
in nature,37 that may have an impact on the severity of the
phenotype in offspring, and ultimately their survival and
fitness.38 We have also assumed that fertility is unaffected in
22q11.2DS.30 Reproductive fitness is the measure relevant to
genetics and the issue of selection; impaired fertility may
contribute to fitness in 22q11.2DS,14 25 an area deserving sepa-
rate study. Pregnancy loss and health issues also deserve separate
study. We acknowledge that our results are based on a relatively
small number of adults with 22q11.2DS who have become
parents. In particular, the small number of fathers with
22q11.2DS in this sample precluded a rigorous analysis of
determinants of fitness specific to males with 22q11.2DS and
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suggests caution in generalising overall phenotype effects (eg, of
neuropsychiatric illness) to this subgroup. Our results are
nonetheless highly consistent overall with previous reports of
transmitting parents,9e12 and our main findings were robust to
multiple subgroup and other analyses. Reproductive fitness in
the unaffected sibling group was not rigorously compared to
population based norms (eg, those derived from local census
figures). However, most potential biases, such as less frequent
updates on family size for siblings compared with probands or
social selection39 (voluntary limiting of family size), would lead
to lower estimates of total fitness in unaffected siblings and
thereby strengthen our main findings.

Biological implications
The results suggest that despite improved paediatric survival,
there remains a strong negative selective pressure against
22q11.2 deletions. However, the advances in medical manage-
ment of associated features may be catalysing a real-time shift in
the evolutionary biology paradigm for this structural rear-
rangement from natural selection to sexual selection.40 In
addition to the high rate of recombination at the 22q11.2DS
locus, the existence of a subset of women in whom the 22q11.2
deletion is selectively neutral may be an increasingly important
contributor to the persistence of 22q11.2 deletions. Indeed,
although the true prevalence of 22q11.2 deletions in the general
population remains poorly characterised, these novel reproduc-
tive fitness estimates in combination with improved medical
and surgical management of associated features suggest there
may be a modest increase in prevalence of children and adults
with 22q11.2DS in the short term.

There remains significant uncertainty regarding the future
prevalence of 22q11.2 deletions. Fitness in 22q11.2DS and the
relative contribution of different traits will continue to change
over time, and longitudinal studies are needed.14 25 Future
improvements in treatment could ameliorate the neuropsychi-
atric components of the phenotype that significantly affect
fitness. Also, to our knowledge, and consistent with low rates
reported elsewhere for comparably aged cohorts,41 42 there were
no selective terminations on the basis of known or suspected
22q11.2 deletions in this sample. Expanded prenatal screening
could dramatically affect both the overall incidence of 22q11.2
deletions and the observed fitness in carriers. For example,
adoption of genome-wide microarray technologies as a standard
practice in prenatal screening could have a major impact on the
rate of selective termination in pregnancies carrying 22q11.2
deletions, the majority of which would be spontaneous muta-
tions. Currently, the possibility of selective termination mainly
exists for the majority with major anomalies detectable on fetal
ultrasound and those at 50% risk of transmission.41 42 For the
latter, this would require that the parent already be diagnosed
with 22q11.2DS, have received adequate genetic counselling, and
that the salient information be recalled and acted upon.
However, 22q11.2DS remains underdiagnosed in adults, and
traditional genetic counselling models may or may not be
effective in individuals with intellectual disabilities and/or major
psychiatric illness.43 44

Pathogenic copy number variation (CNV) and its relationship
to reproductive fitness, disease prevalence, natural selection, and
human evolution is of growing interest in genetics.3 45 There
remains a lack of data on fitness associated with other genomic
disorders46 that are increasingly compatible with survival to
reproductive age. These results for 22q11.2DS suggest caution in
interpreting sex differences in parent-of-origin of CNV (eg, as
evidence for or against imprinting effects47) when inheritance

status is unknown, because observed prevalence could be
confounded by fitness effects.48 Also, other highly penetrant
CNVs associated with neuropsychiatric illness may continue to
be under strong negative selection despite improved viability.3

As for 22q11.2 deletions, known and hypothesised mechanisms
of recurrence would account for the persistence of these struc-
tural mutations in the face of the reduced fitness associated with
their full expression.6 46 On the other hand, increasing rates of
transmission are likely, particularly in the current generation of
adolescents and adults.

Clinical implications
These results emphasise the need for genetic counselling for all
individuals with 22q11.2DS of reproductive age, regardless of sex
and associated features.1 Although women with 22q11.2DS and
comparatively mild neuropsychiatric phenotypes (borderline to
average intellect and no psychotic illness)da subgroup with
modest impairment in reproductive fitnessdare estimated to
comprise approximately 25% of the total population with
22q11.2 deletions, they accounted for just 22 of the 37 (59.5%)
offspring reported in this study. Early intervention and support
will be essential: a third of the mothers with 22q11.2DS in this
study had at least one child by age 23 years, and half had at least
one child by age 25 years. A multidisciplinary team-based
approach to reinforce key aspects of genetic counselling and
sexual health may be most successful at addressing the chal-
lenges in effective provision of information to individuals with
a variety of learning styles and disabilities.43 44 49 Improvements
in clinical management of adults, as for those in children,
promise to have future effects on reproductive fitness deserving
of future study. The interplay between the forces of evolu-
tionary biology and contemporary clinical management will
continue to shape the nature of reproduction in 22q11.2DS.
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