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PURPOSE: Consanguineous couples are typically counseled based on familial pathogenic variants identified in affected children.
The residual risk for additional autosomal recessive (AR) variants, however, remains largely understudied.

METHODS: First, we surveyed pedigrees of 1,859 consanguineous families for evidence of more than one AR disease. Second, we
mined our database of 1,773 molecularly tested consanguineous families to identify those with more than one AR disease. Finally,
we surveyed 88 women from consanguineous unions who have undergone targeted prenatal testing for a familial AR variant and

followed the pregnancy outcome (n = 144).

RESULTS: We found suggestive evidence of more than one AR disease in 1.94% of consanguineous pedigrees surveyed. Of 1,773
molecularly characterized consanguineous families, 2.93% had evidence of at least two AR diseases (3.54% for first cousin or closer
and 2.72% for second cousin or more distant). Furthermore, we found that in 2.78% of pregnancies negative for the familial variant,

the pregnancy outcome was a child with a different AR disease.

CONCLUSION: Our results show that when counseling consanguineous couples for a familial AR variant, ~3% residual risk for
additional AR variants should be discussed. This suggests that a broader testing strategy in consanguineous couples should be

considered.

Genetics in Medicine (2021) 23:2448-2454; https://doi.org/10.1038/s41436-021-01289-5

INTRODUCTION

Consanguinity remains a common practice in many parts of the
world and it is estimated that countries where 20% to over 50% of
unions are between individuals who are third cousin or closer
comprise one-seventh of the world population [1]. Regardless of
the historical reasons that nurtured consanguinity, it remains a
highly desirable option in many countries despite its documented
health consequences. Its detrimental impact on several measures
of health notwithstanding [2], it is well established that
consanguinity increases the risk of rare autosomal recessive
conditions given the higher probability of shared carrier status for
rare alleles among consanguineous compared to randomly
selected couples [3, 4]. Saudi Arabia is a country where more
than half marriages are between consanguineous couples [5].
Consistently, large exome studies from Saudi Arabia have
demonstrated a preponderance of autosomal recessive variants
in the etiology of Mendelian diseases in a pattern strikingly
different from outbred populations where de novo dominant
variants contribute substantially more to the overall variant
spectrum of diseases [3, 6-8].

Unlike de novo variants, which cannot be predicted a priori,
recessive variants lend themselves readily to established pre-
ventive strategies such as carrier screening, prenatal diagnosis,
and preimplantation genetic testing. This difference has also been
the cornerstone of new initiatives aimed at expanding access to
comprehensive carrier screening of severe pediatric onset
diseases at the population level even in countries with very low
consanguinity rates [9, 10]. At the level of individual couples who
present for counseling regarding a familial recessive variant, it is
the standard practice to offer reproductive options that are

targeted to the familial variant in addition to the standard
screening protocol in place, e.g., aneuploidy screen. The same
practice is often employed when the couple is consanguineous
because there are no clear guidelines that address this special
scenario. Here, we aim to inform future guidelines by leveraging
our large database of consanguineous couples to extract
estimates of the residual risk for additional recessive diseases.

MATERIALS AND METHODS
Human subjects

Our database comprises consanguineous families that have been recruited
over the period 2007-2020 because of family history of suspected
Mendelian diseases. Informed consent was obtained from all families each
of which was recruited under the relevant institutional review board
(IRB)-approved research protocol for their respective disease (KFSHRC RAC
#2070023, 2080006, 2090035, 2080033, 2140016, and 2121053). The
consent permits us to construct detailed pedigrees and collect full clinical
data including follow-up data on future pregnancies.

Residual risk estimation

We took three approaches to estimate the residual risk of a second (or
more) recessive disease in consanguineous families:

Approach 1: We surveyed drawn pedigrees of consanguineous families
in search of suggestive evidence of a second recessive disease. Given the
extensive nature of our pedigrees, we opted to have a conservative
approach by only considering evidence from the nuclear rather than the
extended family. A pedigree was considered suggestive of more than one
recessive disease if either of the following was observed: (1) one or more
children with a known autosomal recessive disease other than the
suspected recessive disease for which consultation was initiated, or (2) two
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Schematic representation of the study. Approach 1 investigates the prevalence of recessive diseases in consanguineous pedigrees

based on family history. Approach 2 investigates the prevalence of two or more recessive diseases in consanguineous pedigrees based on
molecular analysis. Approach 3 considers the pregnancy outcomes in consanguineous couples who underwent targeted prenatal screening

for a familial recessive variant. AR autosomal recessive.

or more children with a similar but undefined phenotype that is distinct
from the suspected recessive disease for which consultation was initiated.
We also opted to exclude seemingly dominant inheritance even though it
may represent pseudodominance in consanguineous pedigrees to ensure
a conservative estimate.

Approach 2: We identified all molecularly characterized consanguineous
families in our cohort and calculated the percentage of those that were
found to harbor two or more recessive pathogenic variants in the same
nuclear family. This includes instances where the dual (or more) occurrence
of these variants was observed in the same individual. To avoid artificial
inflation of the estimate, the denominator was restricted to families in
which the molecular analysis of all observed phenotypes has been
completed. In other words, if a family with two or more phenotypes was
only solved for one of these phenotypes, it did not count because it was
considered “incomplete.”

Approach 3: We surveyed all consanguineous families in our cohort that
underwent targeted prenatal diagnosis for a familial recessive variant in a
previous child. By documenting the health outcome of these pregnancies,
we estimated the percentage of those that tested negative for the known
variant but were found to harbor a different autosomal recessive
pathogenic variant.

Coefficient of relationship calculation

From our cohort of 1,773 molecularly characterized families, genome-wide
genotyping based on Axiom SNP array was available for 1,233 families to
calculate the coefficient of relationship. We used IBDelphi (http://www.
insilicase.com/Guide/ibdelphi.aspx) to calculate the coefficient of relation-
ship of the parents as a function of the proportion of identical by descent
(IBD) regions in the parents’ genomes. When only children’s genotyping
data were available, we deduced the parental coefficient of relationship by
using PLINK to calculate the inbreeding coefficient of the children
(coefficient of relationship = inbreeding coefficient x 2).

RESULTS

Prevalence of two or more recessive diseases in consanguineous
pedigrees based on family history only

Our aim was to quantify the risk of multiple autosomal recessive
diseases in consanguineous families. For our first approach, we
surveyed the drawn pedigrees of 1,859 consanguineous families
for evidence of more than one autosomal recessive disease.
Pedigrees were scored based on the nuclear families and we were
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able to find 36 pedigrees where there was compelling evidence of
more than one autosomal recessive disease (1.94%) (Fig. 1).

Prevalence of two or more recessive diseases in consanguineous
pedigrees based on molecular analysis

Our second approach was to survey our cohort of 1,773
molecularly characterized consanguineous families with at least
one autosomal recessive disease and score for families with more
than one molecularly characterized autosomal recessive disease.
Our analysis showed 51 families with two autosomal recessive
diseases and one with three autosomal recessive diseases (52/
1,773 [2.93%)]) (Table 1, Fig. 1 and Fig. S1). Please note the limited
overlap between the cohorts used in approaches 1 and 2 (Fig. S2).
This is due to lack of digital pedigrees for many families, the
presence of multilocus phenotypes, and the fact that many
families remain incompletely characterized molecularly.

To provide a higher resolution of the above estimated risk, we
stratified our cohort based on the calculated coefficient of
relationship into three categories:

Category 1: families with coefficient of relationship correspond-
ing to first-degree cousins or higher (coefficient of relationship
>12.5%)

Category 2: families with coefficient of relationship between
first- and second-degree cousins (12.5% > coefficient of relation-
ship =3.125%)

Category 3: families with coefficient of relationship lower than
second-degree cousins (coefficient of relationship <3.125%).

Our analysis revealed that the risk of more than one autosomal
recessive disease in the first category (families with coefficient of
relationship corresponding to first-degree cousins or higher) was
3.65% (32 of 876 families). The calculated risk was lower in families
with coefficient of relationship lower than first-degree cousins
(2.72%).

Pregnancy outcomes of consanguineous couples who underwent
targeted prenatal screening for a familial recessive variant

Finally, we assessed the pregnancy outcomes of 144 pregnancies
from 88 consanguineous couples who underwent targeted
prenatal diagnosis for a recessive variant that had been identified
in a previously affected child/pregnancy. We found that of the 144
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pregnancies, 81 resulted in healthy outcomes, 46 had a fetus
affected with the same disease as the index, and 17 resulted in
other outcomes. For the latter, these can be broken down as
follows: two pregnancies with chromosomal abnormalities (tris-
omy 21), two cases of autosomal dominant diseases, nine cases
that are still under molecular investigation (stillbirth, intrauterine
fetal demise [IUFD], and congenital heart disease), three cases that
are molecularly proven to be autosomal recessive, and one case
showing an autosomal recessive mode of inheritance because the
phenotype was also observed in cousins but is still under
molecular investigation (Fig. 1 and Table S1). Therefore, our data
show that 4 of the 144 pregnancies resulted in another autosomal
recessive disease in the same family (2.78%).

DISCUSSION

The occurrence of multiple autosomal recessive conditions within
consanguineous families has long been recognized. In the pre-
exome era, this was considered a challenge in positional mapping
especially when the phenotypes are overlapping such that
affected members were lumped together even though their
underlying variants are different [11]. We are not aware, however,
of a systematic analysis of this phenomenon in a large cohort of
consanguineous families. Thus, our finding that ~3% of con-
sanguineous families have more than one autosomal recessive
disease can be considered an important reference range given the
large size of the studied cohort. This would be consistent with a
prior study in which we specifically interrogated couples in our
consanguineous population and found that 9.7% shared the
carrier status for a recessive variant other than the one observed
in their affected child [7]. Remarkably, a nearly identical estimate
was arrived at by Mor-Shaked and colleagues who detected
secondary shared carrier status for pathogenic and likely
pathogenic variants leading to autosomal recessive disorders in
10 of 102 (9.8%) consanguineous couples they analyzed [12].
Unlike these previous reports that predicted the residual risk for
additional autosomal recessive diseases based on the shared
carrier status for variants among parents, our study is based on
actual, observed outcomes in a large cohort of molecularly
characterized consanguineous families including prospectively
followed pregnancies.

Traditional genetic counseling informs couples of a background
risk for major birth malformation of 3% and near doubling of this if
the couple is consanguineous, which was borne out by a large
population-based birth defect registry from our consanguineous
population and others [13, 14]. What remains unclear, however, is
how to translate this into actionable information in the era of
genome sequencing. For example, can this be deconstructed into
individual recessive diseases for which prevention can be offered?
Since the previously mentioned estimate is based on a range of
risks, it does not provide a personalized risk for the couple seeking
counseling. Consanguineous couples continue to be offered
targeted prenatal diagnosis for their familial recessive variants
with ambiguous counseling about their residual risk for additional
diseases. In view of our estimate of ~3% (with higher calculated
risk if the couple are first cousins [3.65%)]) it appears reasonable in
an era where exome sequencing is commonplace to propose
offering expanded carrier screening at least to those who choose
it after they are informed of the significant residual risk. This is
especially salient given that all the additional recessive variants
encountered in our cohort are identifiable by exome sequencing.
Therefore, we recommend that exome sequencing rather than
targeted variant analysis should be offered to refine the residual
risk by directly identifying other pathogenic variants.

We should emphasize that the ~3% residual risk is likely an
underestimate. Many families with more than one phenotype did
not contribute to this estimate because there was insufficient
evidence of recurrence (approach 1) or because they have not yet
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been fully molecularly characterized (approaches 2 and 3). We
have previously shown that the majority of Mendelian phenotypes
in our highly consanguineous population are autosomal recessive
as proven by molecular testing even when positive family history
is lacking [15]. Thus, it is likely that at least some of those
additional phenotypes are recessive. Indeed, despite the limited
value of pedigree-only approach (approach 1), as revealed by our
study, we opted to retain this part of our analysis to highlight its
tendency to underestimate the residual risk for additional
recessive diseases compared to the more reliable molecularly
based estimates. This further supports our argument that broader
molecular testing of consanguineous parents, e.g., exome
sequencing is warranted regardless of the family history. We also
note the value of approach 3 in providing real-world estimate of
the residual risk for additional recessive diseases based on actual
pregnancies despite the relatively small number of couples
surveyed. The use of larger cohorts in the future should help
refine this risk further.

In conclusion, we provide a minimum residual risk of ~3%
above and beyond the recurrence risk of a previously documented
recessive disease in consanguineous couples. Future guidelines
should take this into account and consider a recommendation
for exome/genome sequencing instead of targeted variant
analysis for consanguineous couples who opt for preventive
genetic tests.
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