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ABSTRACT

Background: Down syndrome is the most common chromosome abnormality among live
born infants and the most frequent recognizable genetic cause of intellectual disability in
all human ethnic groups across the world. Advanced maternal age has been identified as
risk factor associated with underlying mechanism of chromosome 21 non-disjunction
leading to trisomy 21, the most frequent form of Down syndrome. A shift to younger
maternal age for Down syndrome births appreciated in some recent studies. Lack of
sufficient research data in Sub-Saharan Africa black population, and the importance of
Down syndrome pediatric patients diagnosed in Rwanda especially those born to young
mothers has prompted us to conduct a research to verify the magnitude of maternal age
effect as risk factor for Down syndrome pregnancy.

Hypothesis: the maternal age at birth of infants with Down syndrome is different from
the maternal age at childbirth in the Rwanda general population.

Methods: A cross-sectional survey was conducted at the Rwanda Center for Medical
Genetics. Cases of Down syndrome patients diagnosed over a period of more than 9 years
from December 2006 till February 2016 were identified with respective maternal ages at
the time of birth. Using Stata SE software version 13, the Wilcoxon signed rank test was
applied to compare the maternal age for these patients with the reference median age
from the 2010 Rwanda Demographic Health Survey (RDHS).

Results: Of 320 patients diagnosed over this period, maternal age was recorded only for
286 patients, of them 276 patients had free trisomy 21 and the mean maternal age at
which they were born was 34.6 years [95% CI: 33.8-35.5]. The z test statistic calculated
at the reference median maternal age gave a p-value < 0.0001.

Conclusion: the difference between maternal ages at birth of Down syndrome patients
and childbirth in the Rwanda general population was statistically significant. Advanced
maternal age was thus, until proven otherwise an important risk factor for Down

syndrome births in Rwanda too.
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Chapter 1: INTRODUCTION

Background

Down syndrome (DS), the most common chromosome abnormality among live born infants and
the most frequent recognizable genetic cause of intellectual disability in all human ethnic groups
across the globe , is caused by trisomy 21 due to non-disjunction during meiosis at parental
gametogenesis for the majority (about 95%) of cases (Dey & Ghosh 2011). With an estimated
incidence of Down syndrome of 1 in 700 live births, advanced maternal age and altered meiotic
recombination have been identified as strong maternal correlates associated with underlying
mechanism of chromosome 21 non-disjunction in oocyte. Earlier studies have unambiguously
identified advanced maternal age (defined as age 35 years or more) as risk factor, which alone
initially was used, for screening pregnancies for Down syndrome(Harris et al. 2004; Berkowitz
et al. 2006). Translocation and partial trisomy, other 2 chromosomal abnormalities responsible
for Down syndrome, and accounting for about 5% of all Down syndrome cases are not related to
maternal age. The paternal age also has no influence on the risk (Oliver et al. 2009). A shift to
younger ages for Down syndrome cases has been appreciated in some recent studies in India, and
analyses of 294 cases in a retrospective study on maternal age and Down syndrome found its
occurrence to be different in different age groups (Malini & Ramachandra 2006; Tajeddini
2011). The researcher recommended further studies on larger samples to more characterize this
relationship. Most of epidemiological data reported on Down syndrome are statistical estimates
from developed countries (Oloyede 2011). Differences (genetic, racial, environmental, etc....)
between black African population and developed world make these data hardly reliable (Oloyede
2011), but very few studies and data specific for Africa can be found owing to the lack of genetic
tests infrastructure, qualified personnel and poverty.

Since karyotype analyses have started in Rwanda from 2006, we have been observing number of
younger mother giving birth to infants with Down syndrome; this is in part thought to be related
with the fact that Rwandan mothers give birth at young age in general, or on the other hand
advanced maternal age has little impact on the occurrence of DS births as it has been widely
accepted in the literature. Epidemiological data for Down syndrome are insufficient at national
level since there has been no mechanism of its systematic screening/detection. However, the

disorder is one of the most reasons to seek genetic consultation in Rwanda and available data are
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from cases seen at the center for medical genetics with an advantage of being the only institution
in the country where the diagnosis can be confirmed. Those data reflect but underestimate the
degree of the problem in the general population given a number of patients that may go
undetected. Out of 345 patients consulted in the department of genetics up to 2010, 65 cases of
Down syndrome (18.8%) were confirmed on karyotype analyses (Mutesa et al. 2010). A study
done earlier in 2007 had shown young women to represent the majority of mothers with free
trisomy 21 births in Rwanda (72.4% were < 34 years old, (Mutesa et al. 2010; Mutesa L,
Muganga N, Pierquin G 2007); but this was done on small sample (n=29) before to the beginning
of genetic tests in the country.

The morbidity and mortality associated with Down syndrome make affected children more
vulnerable; they are particularly subject of maltreatment and neglect and this may be aggravated
by erroneous beliefs in some communities in developing countries like in Africa (Oloyede 2011).
The management of children with Down syndrome is multidisciplinary and a child’s primary
health care provider, a pediatrician or at least a medical officer in resource-limited settings like
Rwanda where the number of experts in specialized disciplines is limited, should play a central
role in providing/coordinating optimal care for children. One of the key elements in the
management is genetic counseling offered to parents and families and this can be done if one has
a better understanding of the condition and is able to guide them in their future decision and
good and optimal care of the affected child. The information by which advanced maternal age is
risk factor for Down syndrome birth may be hard to deliver when you are in front of three or
more mothers of young ages all with affected children; and statistically based figures within the

same community are of great importance to deal with such situations.

Problem Statement

The absence of epidemiological data made it difficult to know whether observed number of
children with Down syndrome from young mothers in Rwanda was related to the fact that
mothers in the general community give birth at young age or if other risk factors than advanced
maternal age may explain this situation as opposed to what is generally known in other
communities especially in developed world. Figures from the small sample study done on
Rwandan patients in 2007 and showing a large proportion of young mothers (Mutesa L,
Muganga N, Pierquin G 2007) were not sufficient to provide us with a true picture in the general

population and no comparison was made to allow inferential statistics. However, without any
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further studies, it was hard to know whether the same trend is still present to date. The
knowledge/information from that study, together with the regularly diagnosed DS patients born
to young mothers have led to the thought that probably the advanced maternal age plays a little
to DS births for cases diagnosed at the center for medical genetics in Rwanda. Thus, there was
need to verify this with statistical evidence and carry out a comparative analysis with the general
population.

The present project wanted to examine whether DS births occur more frequently as the maternal
age increases in Rwanda, which may guide in genetic counseling on the subject and setting up

prenatal diagnosis programs and other policy/decision-making.

Objectives of the study
The main objective of the study was to evaluate maternal age distribution at birth for children
diagnosed with DS at the Center for Medical Genetics and compare this with mean maternal age
at birth in the Rwandan population
Specific/secondary objectives of the study were:

- Toidentify cases of DS diagnosed at the Centre for Medical Genetics in Rwanda

- To describe the trend in number of patients diagnosed with DS at the Centre for

Medical Genetics in Rwanda over the 9- year-period
- To compare distribution of maternal age at birth for DS infants with maternal age for

childbirth in the general population

Research question
How is maternal age at birth for infants with DS who consult the Center for Medical Genetics

compared to maternal age at birth in the Rwanda general population?

Hypotheses

Null hypothesis (HO0): The maternal age at birth of infants with DS is similar to that in Rwanda
general population

Alternative hypothesis (H1): the maternal age at birth of infants with DS is different from the

maternal age at birth in Rwanda general population.



Chapter 2: REVIEW OF THE LITERATURE AND RESEARCH

In this chapter, important information related research findings on DS and maternal and other
possible etiologic risk factors are summarized. It also gives an overview on general information
regarding epidemiology, morbidity and clinical manifestations, diagnostic procedures and care of

Down syndrome.

Introduction

DS owes its name to an English physician, John Langdon Down at London hospital who, for the
first time described the clinical appearance of this condition in his work entitled “Observation on
an ethnic classification of idiots” published in 1866 (Oloyede 2011; Chen 2006). DS was the first
medical condition recognized to result from a chromosome abnormality when, in 1959 the
French physician Jerome Lejeune et al. identified that DS is caused by trisomy 21 (Oloyede
2011; Chen 2006; Gardner, R. J. McKinlay; Sutherland 2004). It is the most common
chromosome abnormality among liveborn infants and the most frequent recognizable genetic
cause of intellectual disability in all human ethnic groups across the globe; it is estimated to
occur in 1 in 800 to 1 in 600 livebirths(Malini & Ramachandra 2006; Oloyede 2011). In their
research, Lejeune and colleagues had found the majority (about 95%) of trisomy 21 cases is due
to non-disjunction (NDJ) i.e., failure of chromosomes to segregate properly during meiosis at
parental gametogenesis and this was also observed in subsequent studies; this gives rise to
full/free trisomy 21, with the remainder [about 5%] resulting from mosaicism and
translocations(Dey & Ghosh 2011; Malini & Ramachandra 2006). Extensive researches have
been conducted to find out the etiologic factors associated with the underlying mechanism of
NDJ of chromosome 21. Around 90% of errors occur during maternal meiosis, of which majority
[three-quarters] happens at meiosis I, and one-quarter at meiosis Il [figurel], although the latter
probably have been initiated at meiosis I(Yoon et al. 1996; Gardner, R. J. McKinlay; Sutherland
2004; Dey & Ghosh 2011). Among errors of paternal origin (about 10%), the proportions due to

meiotic | and meiotic Il errors are almost equal(Gardner, R. J. McKinlay; Sutherland 2004).

Effect of advanced maternal age
The developmental differences of gametogenesis in women and men make oogenesis more

vulnerable to mal-segregation than spermatogenesis; the meiosis initiated in fetal ovary at about



11-12 weeks of gestation gets arrested at late prophase | for many years (10 to 50 depending on
the time of ovulation) to resume at puberty when meiosis | (MI) is completed and the process
progresses through metaphase of the second meiotic division (MIl) where the follicle pauses
again until it is fertilized and then the full meiotic process is completed(Ghosh et al. 2009; Dey
& Ghosh 2011). Spermatogenesis, however, initiates at puberty and dividing cells enter one
meiotic stage to the other without any delay (Sherman et al. 2005; Sherman et al. 2007). It is
believed, as the maternal age advances, changes in the ovarian and uterine environment and
functions (accumulation of toxic effects, degradation of meiotic machinery, hormonal signaling)
around an oocyte in the arrested state lead to non-disjunction(Sherman et al. 2005). Altered
pattern of meiotic recombination is, aside from maternal age another known factor associated
with maternal NDJ (Dey & Ghosh 2011; Sherman et al. 2005; Oliver et al. 2008). Based on
results from 2 US and Indian studies, chromosomal NDJ is thought to be a complex and multi-
factorial event of which underlying mechanisms are, on one hand, associated with age
independent factors and with age-dependent risk factors on the other (Sherman et al. 2005;
Oliver et al. 2008; Ghosh et al. 2009) .

b) Nondisjunction

at meiosis |l m m

a) Nondisjunction

at meiosis | m m

NONDISJUNCTION meiosis | meiosis |
I's Y
Eﬁ m * m m
meiosis Il h‘IO)DISJUNCTION meiosis Il
disomic gametes nullisomic gametes disomic nullisomic normal gametes
gamete gamete

Figure 1: Classical view of the mechanics of nondisjunction (Gardner, R. J. McKinlay; Sutherland
2004)



Other etiologic hypotheses and risk factors:

Despite the discovery of underlying chromosomal abnormalities for Down syndrome half a
century ago with related extensive researches, the exact etiology of the disorder is still unknown
(Cuckle 2005; Dey & Ghosh 2011). As mentioned above, advanced maternal age and altered
meiotic recombination have been recognized as risk factors for chromosome 21 NDJ. Number of
other etiologic factors for DS have been studied some with conflicting results, others with no
enough evidence (Dey & Ghosh 2011; Cuckle 2005; Sherman et al. 2005). Risk factors for NDJ
can be categorized as “age-dependent” and “age-independent”(Sherman et al. 2005). Other
hypotheses include:

Gene polymorphism in folate metabolic pathways: the hypothesis is based on the essential role of
folate in nucleic acids (DNA and RNA) synthesis and methylation; abnormal metabolism can
lead to DNA hypo-methylation, instability, mal-segregation and aneuploidy. Results have been
conflicting (Patterson 2008; Cuckle 2005)

Production line hypothesis

By this hypothesis, the ovulation order of oocytes in a woman follows their production order in
fetal life, with those formed later having fewer chiasmata and more univalents, hence more
susceptible to non-disjunction. There was no clear and consistent supportive evidence in animal
model experiments (Cuckle 2005)

Susceptible chiasma formation

Unusual chiasma placement (close to centromere or telomere), which is normally at the middle,
was found to be another risk for chromosome 21 NDJ because of the instability it provokes, with
increased susceptibility to random segregation (Dey & Ghosh 2011; Ghosh et al. 2009). In US
and Indian population-based studies, single telomeric exchange was found to be more prevalent
among young women (<29 years) with chromosome 21 NDJ, and the authors thought this might
be an age independent risk factor (Ghosh et al. 2009; Dey & Ghosh 2011)

Biological aging hypothesis

This is based on the idea that physiological ageing of ovary, and not the chronological age of
women, may be more important for increasing rate of meiotic errors and subsequent aneuploid
birth (Dey & Ghosh 2011; Cuckle 2005). Different views exist on this hypothesis, e.g.

insufficient hormone signals with aging ovary, limited oocyte pool, senescence of meiotic
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machinery (spindle function, sister chromatid adhesive proteins, microtubule motor proteins, etc)
(Freeman et al. 2000; Cuckle 2005; Dey & Ghosh 2011).

Genetic aging hypothesis

At the same chronological age, some of the mothers who have DS baby are genetically older
than the mothers of euploid baby and this may be the underlying cause of biological aging; this
was observed in young but not old mothers (Dey & Ghosh 2011).

Compromised microcirculation hypothesis

This can result in abnormally low pH in the oocyte leading to NDJ following a cascade of events.
There are still of controversy (Cuckle 2005).

Relaxed selection hypothesis

With advancing maternal age, the tendency to miscarry for affected fetuses might decrease but
no consistent results/ evidence for this hypothesis when abortuses with normal karyotype were
compared to those with NDJ (Cuckle 2005)

Delayed fertilization and sperm ageing hypotheses

Higher incidence of spindle defects may happen following ageing or over-ripeness in the
secondary oocyte remained in MII metaphase and waiting for fertilization in the Fallopian tube;
this increase the chance of non-disjunction (Cuckle 2005); this, with sperm ageing theory were

epidemiologically linked with infrequent coitus (Cuckle 2005)

Mitochondrial (mt) DNA mutation hypothesis

Its effects to non-disjunction of chromosomes may be mediated through a decline in ATP level
and increased production of free radicals as a result of mtDNA mutations and affect cell division
and recombination processes. These mutations in oocyte increase with age and have been
identified in some disorders relatively frequent in affected families like Alzheimer’s disease,
diabetes and hypothyroidism (Cuckle 2005)

Epidemiology, morbidity and clinical manifestations of Down syndrome

The incidence of Down syndrome averages 1 in 700 live births. Some data come from
population-based studies, while others are hospital/institution-based (Sherman et al. 2007;
Molteno 1997; Oloyede 2011). Available data are mainly from the developed world and have
generally focused on birth prevalence (Loane et al. 2013; Sherman et al. 2007). In the US, based

on data obtained from 11 surveillance systems and accounting for about 22% of the live births in
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the country, maternal age-adjusted prevalence of DS was 13.65 [95% confidence intervals (Cl):
13.22-14.09] per 10,000 live births, or 1/732 (Sherman et al. 2007). In this study, prevalence
ratio differences were noted for ethnic groups, being higher in Hispanic and lower in Non-
Hispanic Black compared to Non-Hispanic Whites (Sherman et al. 2007). Recent study in
Europe shows a total prevalence (i.e. including live births, fetal deaths and pregnancy
termination cases) of trisomy 21 per 10 000 births of 22.0 (95% CI 21.7-22.4) or 1/455 while the
live birth prevalence is 11.2 (95% CI 10.9-11.5) or 1/893; these data are from twenty-one
population-based EUROCAT (European Surveillance of Congenital Anomalies) registries
covering 6.1 million births obtained over a 20 — year period between 1990 and 2009 (Loane et al.
2013). In this study, analysis of data has shown a steady increase for the proportion of births to
older mothers (35 years and above) in EUROCAT registries from 13% in 1990 to 19% in 2009.
Researchers have noted the live birth prevalence remained stable overtime while it showed a
more than three-fold variation between countries and regions (Loane et al. 2013). These
variations are in part attributable to variation in maternal age profile and differences in
pregnancy termination practices/legal acceptability within European countries. The 2012 annual
report of the National DS Cytogenetic Register for England and Wales issued 1,982 diagnoses of
Down syndrome, majority of which (64%) were made prenatally, a rate of 2.7 per 1,000 births or
1/370. The live birth rate was 1.1 per 1,000 live births with over 90% of women opting for
pregnancy termination after receiving a prenatal diagnosis (Morris et al. 2014).

The estimated prevalence Down syndrome in 11 states of the South-East Asia region ranges from
0.8 per 1, 000 live births in DPR Korea to 2.1 per 1, 000 live births in Bhutan, Nepal and Timor-
Leste (WHO-Regional Office for South-East Asia 2013; Christianson et al. 2006).

Few data/publications on DS are available in Africa, especially Sub-Saharan Africa. The
condition was initially believed to be common in all ethnic groups but rare among Africans; it is
not until the first description of black African children with DS in 1955 by Luder and Musoke
that further research activities about the condition have started in this region, but it is only in
1982 when the first reliable data on incidence of DS in Black African children were published
by Adeyokunnu (Luder & Musoke 1955; Christianson 1996; Oloyede 2011); in a retrospective
study over a 9-year period at the academic hospital, Ibadan, South Western Nigeria,

Adeyokunnu reported an incidence of 1.16 per 1000 live births or 1/862.



Added to this “ignorance”, and probably the most important today in this part of the Third
World, are socio-economic and traditional/cultural factors with limited quality medical care
(Oloyede 2011; Christianson 1996).

Considerable advances in surveillance and management and/or advocacy of persons with Down
syndrome are observed in South Africa. Down Syndrome South Africa (DSSA) is a national non
profit organization formed in 1986 for the constitutional rights of persons with Down syndrome
and other intellectual disabilities and for parent advocacy (DSSA 2011; Molteno 1997). The
organization currently counts 12 regional branches/support/outreach groups throughout the
country to serve these vulnerable people and their families. According to the organization, the
incidence of Down syndrome in the country is about 1 in 500 live births (Oloyede 2011), and
three separate hospital-based prospective studies published in 1990s reported incidences of 1.33,
2.09 and 1.67 per 1000 livebirths in a Pretoria urban academic hospital,a rural hospital and at an
academic hospital in Johannesburg respectively (Christianson 1996; Oloyede 2011). In all the
thre studies, the proportion of DS infants born to mothers aged 35 years and older was > 52%. In
a 20-year birth prevalence of Down syndrome study in Cape Town, from 1 January 1974 and 31
December 1993, the overall (deliveries plus pregnancy terminations following prenatal
diagnosis) prevalence rate was 1.49 per 1000 (white 1.88, coloured 1.54 and black 1.29 per
1000) or 1 in 672 (Molteno 1997; Oloyede 2011). A total of 784 DS pregnancies were noted over
that period. The study confirmed an increasing risk with advancing maternal age and noted racial
discrepancy vis-a-vis prevalence and terminations of pregnancy; the rate was the highest for
whites, but there was a marked decline over the 20 years as it was the case for the total group but
not for the black population, which had the lowest rate. The rate of pregnancy termination was
the highest in Whites (18.3) and the lowest in Black (1.4%), while it was carried out in 5.8% of
colored pregnancies; the trend over the 20 years was not significant (Molteno 1997; Oloyede
2011).

Nowadays, the prevalence of DS in Rwanda is not known. Available data are from cases
diagnosed at the center for medical genetics. It was not possible until late 2006 when the
department and laboratory of medical genetics opened at the University of Rwanda that
cytogenetic analyses were able to be carried out in the country. Out of 345 patients consulted in
the department of genetics up to 2010, sixty five cases of Down syndrome (18.8%) were

confirmed on karyotype analyses, making it, by far the most identifiable genetic anomaly at the



center (Mutesa et al. 2010). Of the 65 patients, there were 63 cases of free trisomy 21 or 96.9%.
In our study about pattern of congenital heart diseases in Rwandan children with genetic defects,
out of 125 cases identified over a 2-year period from May 2010 through May 2012, DS patients
were 89 i.e. 71.2% (Teteli 2014). In a descriptive study on 29 DS children from Rwanda
published in 2007, young mothers at the time of birth represented the majority; there were 3
mothers aged 20-24 years, 8 mothers aged 25-29 years, 10 mothers between 30-34 years i.e.
21/29 (or 72.4%) were between 20 and 34 years of age (Mutesa L, Muganga N, Pierquin G 2007;
Mutesa et al. 2010). As above mentioned, DS is the most frequent recognizable genetic cause of
intellectual disability in all human ethnic groups across the globe; epidemiological studies for DS
syndrome started in the 1800s before its genetic basis was later identified; thanks to
characteristic facial dysmorphism and other physical stigmata, physicians had started to
recognize and distinguish Down syndrome patients from the heterogeneous group of people
with intellectual disabilities and it is J.Langdon Down, in 1866 who emphasized the set of
clinical findings in those individuals constitute a distinct entity (Sherman et al. 2007).

DS is generally easily recognized with its almost universal characteristic facial dysmophism and
other distinctive phenotypic traits (round face, small nose, upslanting palpebral fissures,
epicanthus, flat neck, bilateral single palmar crease); all the characteristic morphological features
are not necessary present in an individual patient and may be mild; intellectual disability is
universal and muscle hypotonia (which improves with age) and joint laxity nearly constant
(Sherman et al. 2005; Sherman et al. 2007; Karen Summar 2011)

In addition to the characteristic morphological and developmental features individuals with DS
are more prone to potential malformations and complications including congenital heart defects
(e.g. atrioventricular septal defects, ventricular septal defects, etc) in about 50% of cases,
congenital and acquired digestive anomalies (duodenal atresia, Hirschsprung disease), endocrine
and auto-immune disorders (hypothyroidism, diabetes mellitus, gluten intolerance, alopecia),
problems with hearing and vision like congenital cataract, and other comorbidities and
abnormalities like seizures, megakaryoblastic leukaemia, sleep apnea, premature aging and
Alzheimer disease early in the 4™ decade and infertility. The life expectancy for DS children

approximates 50 to 55 years, some living into their 70s (Moran 2014; Karen Summar 2011)
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Prenatal screening and diagnosis

Maternal age was the initial single risk factor for Down syndrome used for screening pregnant
women; a consensus to use a "threshold” of 35 years to offer invasive testing was reached mainly
because this was considered to carry the same risk as that of procedure-related pregnancy loss
from obtaining fetal specimen for karyotype

These assumptions have been subject of controversy since many other factors are considered to
come into play and, with the current state of technological advances and use of noninvasive
screening methods, they are obsolete today (Harris et al. 2004; Berkowitz et al. 2006).

All women, regardless of maternal age may be offered prenatal screening in different parts of the
world and under different criteria from a country to another.

Despite the development of screening tests, maternal age is still an important factor and
considered to have an “a priori” risk of Down syndrome which is used, together with screening
results, to estimate a patient specific risk (Khalil & Pandya 2006). There are important
differences between countries and within individual countries regarding prenatal screening and
diagnosis. These variations are due many factors like the availability of different resources and
required expertise, cost effectiveness, termination of pregnancy laws and social, cultural and
religious convictions (EUROCAT 2010). Any medical decision should be patient-centered,
individualized and from informed “parent-to-be” choices/preferences. Available noninvasive
screening tests for Down syndrome include measurement of maternal serum marker levels which
are interpreted and morphological ultrasound findings (Resta 2005). Based on results and
maternal age, the risk of having a child with Down syndrome is calculated allowing parents to
make an informed decision about invasive diagnostic procedures (amniocentesis or Chorionic
villus sampling, CVS). Maternal markers used are alpha fetoprotein (AFP), pregnancy-associated
plasma protein-A (PAPP-A), free or total beta human chorionic gonadotropin (beta-hCG),
unconjugated estriol (UE3), and inhibin A. ultrasound screening consists mainly in determining
nuchal translucency (NT) and gestational age (by crown-rump length); other markers for Down
syndrome like nasal bone hypoplasia need further evidence to become part of routine screening
sonographic findings (Khalil & Pandya 2006). Ultrasound is also beneficial in detecting other
common birth defects associated with Down syndrome and other disorders (Khalil & Pandya
2006)

Different options exist in both the 1% and 2™ trimesters. The first trimester combined test (free

11



B-hCG, PAPP-A, NT and maternal age) is perfomed between 9 and 13 weeks.

Second trimester biochemical screening include the Double (Age + AFP + hCG), Triple(Age +
AFP + hCG + uE3) and Quadruple (Age + AFP + hCG + uE3 + inhibin A) Tests. Integrated test
combines maternal age and serum markers with (full integrated test) or without ultrasound
(Serum integrated test), in both the first and second trimesters; nuchal translucency and PAPP-A
are measured at 10 to 13 weeks, while AFP, uE3, hCG, and inhibin A are obtained at 15 to 18
weeks. Sequential and contingent testing have been developed to differentiate women at very
low risk from those at a higher risk who may need immediate invasive prenatal diagnosis. (Khalil
& Pandya 2006). No screening test has a maximum detection rate and there is always a
percentage of false positive results (Khalil & Pandya 2006).

The next generation genomic sequencing technology has been clinically validated as a Secondary
maternal plasma-based screening test used to detect free fetal DNA in women who are screen-
positive by any current primary screening test (Sparks et al. 2012; Ashoor et al. 2012).

Confirmation of results with an invasive test is still needed.

Management of Down syndrome

There is no cure for Down syndrome but an organized multidisciplinary approach aiming at
evaluating and monitoring for associated abnormalities is needed for optimal care and prevention
of common disorders in patients with this condition (Bull 2011; Roizen & Patterson 2003;
Weijerman & De Winter 2010). One of the essential elements is the evaluation for congenital
heart disease with an echocardiogram for all newborns to detect abnormalities that may not be
symptomatic or apparent on physical examination. Other important elements requiring special
evaluation/follow-up include hearing and otitis media, growth, ophthalmologic disorders,
endocrine and hematological disorders, etc. Research on pharmacotherapies (e.g.
pentylenetetrazole) targeting mainly intellectual disabilities have been undertaken in animal
models but further studies and evidence are needed for their efficacy and safety in children with
DS. Supplementation with antioxidant nutrients for the treatment of DS (e.g. zinc, megavitamins,
minerals, etc.) has not shown its benefits over placebo (Bianchi et al. 2010; Blehaut H, Mircher
C, Ravel A, Conte M, de Portzamparc V 2010). Counseling is an important and key element in
the management from the time of prenatal diagnosis

12



Chapter 3: METHODOLOGY

It has been difficult to know without specific epidemiological data whether observed number of
children with DS from young mothers in Rwanda is related to the fact that mothers in the general
community give birth at young age or if other risk factors than advanced maternal age may
explain this situation as opposed to what is generally known in other communities especially in
developed world.

With the present project we wanted to examine trends of maternal age for DS births in Rwanda,
which may guide in genetic counseling on the subject and setting up prenatal diagnosis
programs.

The hypothesis was: “the maternal age at birth of infants with Down syndrome is below the
maternal age at birth in Rwanda general population”. The study proposal was submitted to and
approved by the University of Rwanda, college of Medicine and Health Sciences Institutional
Review Board (Approval Notice: No 036/CMHS IRB/2016).

This chapter includes a summary of the process used to access and review related literature and
research, population and sample, instrumentation for data gathering, data collection process,
analysis of collected data and ethical considerations.

Online literature search was conducted mainly using pubmed free access through hinari. Articles
from different studies on DS were selected and downloaded for detailed consultation; principal
key words used are Down syndrome, maternal age, and risk factors. Further articles on general
epidemiological & clinical information about Down syndrome were also downloaded for a

general overview on the condition.

Study design, site and period

A cross-sectional survey was conducted at the Rwanda Center for Medical Genetics. The center
is unique in such a way that it is the only institution in the country that can offer karyotype
testing thanks to its medical genetics laboratory located in Butare (school of Medicine/University
of Rwanda), southern province. The study, mainly retrospective with some cases traced
prospectively from December 2015 when the project was started, covers a period of more than 9
years for data collection since the beginning of genetic testing, mainly karyotype in Rwanda
from December 2006 till February 2016. The study per se lasted 5 months from December 2015
till April 2016 with the completion of this report. The center is still young with currently 2
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medical doctors, geneticists (PhD holders) doing genetic outpatient clinics in 3 referral hospitals
(the University Teaching [CHUK] and Rwanda Military Hospitals in Kigali capital city and the
University Teaching Hospital of Butare [CHUB] in the South province); outpatient clinic has not
but started in 2014 at the Rwanda Military Hospital, RMH and it has been irregular in other
hospitals especially at CHUB when the second medical geneticist graduated in July 2015 was
still in training. The medical genetics laboratory has two permanent and experienced AOQ
laboratory scientists; they have benefited from special workshops on genetic testing processes
and the unit is under the medical geneticist head and supervision. It can currently only perform
karyotype locally while DNA is extracted and sent to partner laboratories (mainly at the
University of Liege Center for Human Genetics, Belgium) for molecular analyses when needed;
with basic equipment now available, molecular analyses are expected to start in the near future at
the center locally.

Study population and sample

The target population consisted of all patients with the diagnosis of DS confirmed on standard
karyotype or further testing. All the cases of Down syndrome confirmed at the center constituted
the sampled population for the present study project. It was a convenience sample consisting of
all available cases during the study period of 9 years plus 3 months; based on 65 cases of DS that
were diagnosed on a period of 3 years (actually 39 months, from December 2006 till March

2010) i.e. 22 patients per a year on average, a sample size of at least 200 cases was expected.

Instrumentation and Data collection

Information regarding the diagnosis and laboratory confirmation of DS was verified in registers,
soft data, and patients’ files/lab test request forms in the genetic laboratory archives as well as
using clinical files in hospitals; the patient date of birth, date of consultation/test, parents date of
birth as well as other relevant socio-demographic and clinical data were recorded on hard copy
of a pre-designed data collection form for each patient. A soft database was created using
Epidata 3.1 software for data entry and Stata SE 13 software for data analysis. Treatments of text

and manuscript preparation were carried out using Microsoft Office Word 2010.
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Data analysis

With descriptive statistics Stata SE 13 software was used to determine frequencies of DS cases
according to different maternal age/age groups and the mean maternal age at birth for this group
of children. Since there was no control group, to test whether the maternal age at birth of these
DS patients is different from that in the general population we used data from the 2010 Rwanda
Demographic Health Survey (RDHS). During the 2010 RDHS, 13,671 women in the
reproductive age from 15 years to 49 years were interviewed, of them 8, 094 women had given
birth to at least one child with a total of 32,639 children. The mean and median ages at which
each woman gave birth were calculated from different ages when her respective children were
born and from individual maternal mean and median ages, we were able to compute the mean
and median ages for the whole population of women enrolled in the survey. The mean maternal
age is 27.1 years, while the median is 26.3 years. When these parameters were calculated for the
last childbirth, the mean maternal age is found to be 28.9 years, while the median is 29.3 years.
After testing the normality, data in our sample were found to be not normally distributed and a
non-parametric test (the Wilcoxon signed-rank test) applied to compare the maternal age in our
study sample to reference medians in the 2010 RDHS. At a significance level a=0.05, the test

statistic calculated has allowed statistical decision and conclusion to reject the Null hypothesis.

Ethical considerations

Confidentiality

No confidential information related to study participants was disclosed during the study process
and no names will appear in any publication/reports.

Informed consent

The study nature presents no (or may only present minimal) risks to the participants. A waiver of
informed consent was sought from the University of Rwanda College of Medicine and Health
Sciences Institutional Review Board (UR, CMHS IRB).

Ethical approval

The study proposal was submitted to and approved by the UR, CMHS IRB. Approval Notice: No
036/CMHS IRB/2016 (see appendix E)
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Chapter 4: RESULTS

This chapter presents important study findings. The research was mainly interested in maternal
age at the time of giving birth to a child with DS but other important variables were also
collected.

Over a period of 9 years and 3 months (from December 2006 till end February 2016), 1560
karyotypes were performed in the medical genetics laboratory of which 320 cases of DS (or
20.5%) were identified

Characteristics of patients

Of the 320 patients with Down syndrome, the male over female sex ratio was almost 1:1 (or 163
males over 157 females). One patient was seen at age 17 years (1 patient). The mean age at the
time of testing was 20.5 months (615.6 days, 95% CI: 505.6- 725.5); 30 babies (9.4%) were
tested by age 29 days, 173 (or 63.64% ) by their 1% anniversary, and 246 (or 86.52%) by age 3
years, while 3.13%(or 10 patients) were aged above 10 years. The younger age at the time of

consultation/test was the birth date for 1 baby, while the oldest was 17 years

patients' age groups
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Figure 2: Number of Down syndrome cases in different age groups
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The birth order was recorded for 265 patients and ranged from the first to the twelfth born child.
The second born children were more represented with 45 patients (or 16.98%) while only one
patient (or 0.38%) was the 12" born in order (see appendix B).

Similarly, parity for patients mothers (recorded for 263 patients) varied from primiparas through
grand multiparity of as high as 12 births. Multiparity with 2 births represented 17.11% (i.e. 45
mothers) while one mother (0.38%) had reached her 12" births (see appendix C). The number of
live and/or stillbirths were not specified.

Maternal age/date of birth was recorded for only 286 patients. The youngest gave birth to a DS
child at 16 years of age, while the oldest was aged 53 years. The mean maternal age in the whole
group was found to be 34.5 years [95% CI: 33.7- 35.3]. 46.85% were aged 34 and below, 44.4%
were between 30 and 39 years, while 27.27% were aged between 40 and 53 years. When
calculated only for those with free trisomy 21 DS (276 patients), the mean maternal age is 34.6
years [95% ClI: 33.8-35.5].

Using the Wilcoxon signed-rank test, the z test statistic calculated at the median maternal age of
26.3 years was 12.9 [p > |z| = 0.0000 or p value< 0.0001] for those patients with free trisomy 21
DS; positive and negative observations were 233 and 43 respectively. Similar findings were
obtained when comparison was made to the median maternal for the last born; the z test statistic
was 10.3 [p > |z| = 0.0000 or p value< 0.0001], while positive and negative observations were

200 and 76 respectively.
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Figure 3: Age groups for mothers of DS patients

It was mentioned for 266 patients whether they use a health insurance or not. Of the 261 patients
with insurance, 190 (or 72.8%) had community based health insurance commonly known as
“Mutuelle de Santé”; users of Rwanda Social Security Board, RSSB (43 patients) and Military
Medical Insurance, MMI (8 patients) together represented 19.5%.

Three hundred and four patients had their origin registered. Only 8 patients were foreigners
(mainly from refugee camps in Rwanda. The remaining 296 patients were coming from 29 (out
of 30) districts of Rwanda; only Rutsiro district in the Western province was not represented.
Kigali City (with its 3 districts, Gasabo, Kicukiro and Nyarugenge) had 134 patients (or 45.2%
of those from Rwanda), 42 patients (14.2%) were from Eastern province, 25 patients (8.5%)
were from Northern province, 71 patients (24%) were from Southern province, while 24 patients
(8.1%) were from West.
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Genetic results

Free trisomy 21 was found in 308 patients (or 96.2%) with one of them having double trisomy
(chromosomes 21 and X: 48, XXX, +21). Translocation cases were found in 11 patients (or
3.4%), 10 of them being robertsonian translocations (6 cases of isochromosome 21, two cases of
translocations between chromosomes 21 and 22, one case between chromosomes 15 and 21 and
one case between 14 and 21) with a rare translocation between chromosome 21 and the Y sex
chromosome determined using FISH techniques performed in the USA. One patient was found to
have 2 cell lines with a standard karyotype 47, XY, +21 and a robertsonian translocation
involving chromosomes 13 and 21. There was also one patient with free/standard trisomy 21
associated with inversion of chromosome 9 segments [47, XY, + 21 inv9 (pl1; g13)]. 136
patients were seen at CHUK, 113 were from RMH and 71 were consulted at CHUB. More than
50% of patients were diagnosed only between 2013 and 2015.

Karyotype Freq. Percent Cum.
47, XY, +21 157 49.06 49.06
47, XX, +21 151 47.19 96.25
46, XY, rob t(21;21)(q10;q10) 3 0.94 97.19
46, XX, rob t(21;21)(q10;910) 3 0.94 98.13
Other 6 1.88 100

Total 320 100

Table 1: karyotype results.

! One patient with double trisomy 48, XXX, +21 was intentionally registered as 47, XX + 21 for statistical purposes
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Year of test Freq. Percent Cum.

2007 18 5.63 5.63
2008 10 3.13 8.75
2009 13 4.06 12.81
2010 57 17.81 30.63
2011 33 10.31 40.94
2012 21 6.56 47.5
2013 35 10.94 58.44
2014 47 14.69 73.13
2015 79 24.69 97.81
2016 7 2.19 100
Total 320 100

Table 2: Number of Down syndrome patients diagnosed in different years

Associated disorders/defects: It was documented for 172 patients that echo was performed and
113 of them (or 65.7%) were reported to have abnormal findings i.e. congenital heart defects.

Other birth defects were reported for 10 patients. Four patients had gastrointestinal tube-related
disorders ( 1 case of imperforate anus, 2 cases of Hirschsprung disease, 1 case of duodenal

atresia) and 1 patient had congenital cataract.
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CHAPTER 5: DISCUSSION

This chapter is discussing the main findings/results of the study, trying to make comparison with
other studies done before. Conclusions and recommendations drawn from those findings are
presented here.

Advanced maternal age was identified as an important risk factor for Down syndrome, the most
common chromosome abnormality among live infants and most frequently recognized genetic
cause of intellectual disability (Oliver et al. 2009). A shift to younger maternal ages for Down
syndrome cases has been appreciated in some recent studies (Malini & Ramachandra 2006);
earlier data also showed a big proportion of young mothers giving birth to Down syndrome
infants for patients diagnosed at the Center for Medical Genetics in Rwanda (Mutesa L,
Muganga N, Pierquin G 2007). These were the main reasons that prompted us to conduct a study
on Down syndrome patients so far diagnosed in Rwanda to see, on one hand, whether they are
frequently born to mothers of more advanced age as it is already widely accepted and, on the
other hand, provide the medical professionals and general public with specific data and
information that are useful for management strategies and policy making. The study hypothesis
was that infants with Down syndrome diagnosed at the Center for Medical Genetics are born to

younger mothers compared to maternal age at birth in the Rwanda general population.

Findings of this study show that large proportion(53.15%) of infants with Down syndrome
diagnosed at the center for Medical Genetics were born to mothers with advanced age ( 35 years
old and above) and statistically, the maternal age for these children is significantly higher than
the maternal age at childbirth in the Rwanda general population [p value < 0.0001]

The majority of patients are users of the community based health insurance “Mutuelle de santé”.
The mean age at which Down syndrome patients are tested with a karyotype is 20.5 months;
some can be tested as early as their birthday while others are seen and tested later when they are
teenagers. No case of prenatal diagnosis was found! The birth order for children with DS is
almost similar to the level of parity for their mothers when cross-linked and analyzed together.
For instance, 42 third and 38 fourth born children were born from para 3 and para 4 mothers
respectively. These patients are from all the provinces and corners of the country (except one
district, Rutsiro that was not represented) with around 45% of them from the city of Kigali and

the southern province is the second highly represented with 24% for those from Rwanda.
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DS continues to be the most common identified genetic conditions in Rwanda as it is the case
worldwide (Dey & Ghosh 2011; Oloyede 2011; Sherman et al. 2007). The average number has
increased overtime since the beginning of genetic services with now 35 patients per year (320
patients over 9 years and 3 months) while it was 22 patients per year in 2010. This probably
results from increasing awareness of medical professionals and population. Standard trisomy is
the most frequent form of Down syndrome in about 96% of cases; this is consistent with what is
described in literature (Antonarakis 1991; Gardner, R. J. McKinlay; Sutherland 2004; Chen
2006). It is clear that after analyzing data from this study DS patients diagnosed at the Center for
Medical Genetics are more frequently born to mothers with advanced maternal age. The median
age at which DS children were born to these mothers was found to be significantly higher than
the median maternal age at the time of giving birth to a child in the Rwanda general population;
the hypothesis by which DS children diagnosed at the Center for Medical Genetics were born at
the similar maternal age than in the general population was rejected.

The results/findings of this study differ from those found earlier in 2007 at the same center
(Mutesa L, Muganga N, Pierquin G 2007); the mean maternal age was 31.6 years in the 2007
study while it is 34.5 years for the current one [for all the types of DS karyotypes, and not for
standard trisomy alone] ; while the mothers s 34 years and younger represented 72.4% in in
2007, we found only 46.8% in this study. These findings differ largely because the sample size
was much smaller in in 2007 than in the current study (29 mothers in 2007 vs 286 mothers
today). The current findings are thus more reliable and change the perception that Down
syndrome infants diagnosed at the Center for Medical Genetics in Rwanda are more frequently
born to young mothers. This perception has been there since the findings in the 2007 study and
probably continued because of a “recall bias”. Since it was already known that advanced
maternal age is an important risk factor we, medical professionals probably tend to remember
more those Down syndrome infants “unusually” born to young mothers because they have
marked our memories. It may seem normal or it is expected to see a Down syndrome infant born
to a 40-year old mother and this may not bring about much attention; on the contrary however, it
is unusual/not expected to give birth to baby with Down syndrome at 21 years of age for
instance; this may be an emotional and more likely to be remembered experience than when it

was an old mother. Even without the “* recall bias” it would be difficult, without statistical
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figures to know which age group ( below vs above 35 years) was more frequent because they are
almost equal ( 46.85% vs 53.15% ). The 2007 study findings in Rwanda are comparable to those
found in India in 2006 where, on a sample of 69 patients with Down Syndrome, the majority was
born to young mothers with 75% aged 18-29 years (Malini & Ramachandra 2006). The authors
thought it was probably due to young age of women at their marriage but the mean age for Indian
mothers was not specified. Interestingly in that Indian study, the effect of maternal grandmother
was found to be of statistical significance with an increase in odds by 30% per extra year; that is
women born to aged mothers had an increased chance of giving birth to DS child compared to
controls and therefore, advanced maternal grandmother age at the time of birth for the child’s
mother was found to be a risk factor for DS births in studied patients (Malini & Ramachandra
2006). The maternal grandmother age was not studied in our 2 studies in Rwanda and its effect
cannot be appreciated. As for the 2007 Rwandan study, this Indian study was done on a smaller
sample than our current study. In contrast to findings in our current study again, another Indian
study, this time with a relatively higher sample size similar to ours, the percentage of infants with
DS born to mothers aged 35 years and above was 15% i.e. 44 over a total of 294 patients studied,
and the researcher recognized number of other Indian studies with similar findings (Tajeddini
2011).

The proportion of advanced maternal age in our study is comparable to findings in South African
hospital-based birth prevalence studies; in Pretoria urban academic hospital, a rural hospital and
Johannesburg academic hospital studies, DS infants born to mothers aged 35 years and above
were 52%, 56% and 55% respectively (Christianson 1996). Similarly in the 20-year birth
prevalence study in Cape Town, from available data on maternal age between years 1987 and
1993, DS infants born to mothers aged over 35 years were 35%, 52% and 60% for whites,
coloreds and blacks respectively; here, the researchers confirmed the increasing risk for Down
syndrome with advancing maternal age (Molteno 1997).

In the 2012 annual report in England and wales, the mean age for women at birth of their infants
with a postnatal diagnosis of Down syndrome was 35.3 (95% CI: 34.8 — 35.9), with an overall (
pre and postnatally diagnosed) 65% or 1163/1786 of the women aged 35 or older (Morris et al.
2014); these results are comparable/consistent with our current findings.

The mean age at which the diagnosis of Down syndrome is confirmed with a karyotype (20.5

months) is markedly lower in this study compared to that in the 2007 study at the same center
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(9.2 years) (Mutesa L, Muganga N, Pierquin G 2007). This may partly result from improved
awareness of medical care providers vis-a-vis Down syndrome and use genetic services which
may explain a big percentage (>50%) of cases diagnosed only over the last 3 years of the
considered period of more than 9 years; another possible contributing factor is an improved use
of health care services in general thanks to the community based health insurance as it is
evidenced by the large proportion of its holders in this study (72.8% or 190/261 known insured
patients). An improved use of health care services may also be appreciated from the origins or
residence places of diagnosed patients; although a clear discrepancy in the number of patients,
diagnosed patients come from the City of Kigali and all the 4 provinces of Rwanda with 29/30
districts having at least 1 representing patient. Larger proportions are mainly seen in Kigali city
districts, Huye district, but also in some big towns like Musanze in North. The higher numbers in
Kigali and Huye district may be explained by the presence of genetic services there. The
existing transfer system allows for patients from any corner in the country to reach referral
hospitals where genetic services are available, but it is likely that number of patients may fail to
consult given different social economic reasons especially for those from remote areas. The
department services are also delivered to patients from other countries in the sub-region, showing
an increasing and high demand within but also outside Rwanda. If there is an improved
awareness about DS, one may wonder whether the current health system, other institutions in the
country and the general public are prepared or empowered enough to face the burden imposed by
Down syndrome morbidity and associated social-economic and financial requirements or
expenses for the optimal care of affected individuals from early infancy to adult life. In our
experience, there is still a long way to go starting with advocacy and psychosocial
accompaniment of affected child parents. Helping in creation of parental groups or one organ
where they can meet to share experiences and channel their problems may advance the welfare
of affected children. One example is access to corrective surgery for congenital heart defects
affecting around half of DS infants. Today in the country, cardiac surgery is only possible thanks
to visiting teams from Australia, Belgium or the United States of America coming twice a year
on average; there is always a long waiting list and only from those considered to have a “good
prognosis” are selected patients to benefit from surgery. Down syndrome patients are not part of
priority in these programs and are almost totally excluded. In our sampled population, it was
documented that 172 patients (53.7%) had had echocardiography done and 113 of them (65.7%)
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had abnormal anatomical findings or congenital defects. These figures are much higher than
what it is already known from other studies because it is possible that those with suspected heart
defects from physical exam were more likely to have echocardiography requested, and no
systematic screening of heart defects was done; if they are taken from the total group (i.e.
113/320 or 35.3%), it may underestimate the magnitude of the problem. In any case we may say
with some certainty that CHDs frequency ranges from 35.3% to 65.7% in our studied population
of patients with DS, which confirms, like in other researches that CHDs are a major birth defect
among the Down’s. To the best of our knowledge and from the families we’ve maintained a
regular follow-up, only five patients benefited from cardiovascular surgery and three of them had
to go out of Africa (1 infant underwent open heart surgery in Germany, the second one in India,
and the 3 in the USA); 2 children had their surgery at King Faisal Hospital, Rwanda (one
underwent a PDA closure, the 2" had open heart surgery). Another family reported their child
died while they were in process to take him abroad for heart surgery. This shows how parents are
ready and committed for the best of their affected children but majority is those who cannot
afford means to have their children sent abroad for such a costly procedure; there is need to
advocate for these patients for the optimal health care and proper integration in the society. Since
these are first pediatric patients, pediatricians should play a central role of coordinating a
multidisciplinary and patient-centered team required for the management of these children.

The incidence and/or prevalence of DS births are not likely to change since no specific
surveillance programs are present in Rwanda. With an increasing awareness of the general
public, prenatal diagnosis is going to be more and more demanded. The medical professionals,
especially obstetricians have to get prepared and think of setting up required equipment and
importantly technical expertise. Though advanced maternal age is (in our study and many others
done before) an important major risk factor for DS pregnancies, there is always a big proportion

of children born to young mothers for which risk factors are yet to be determined.

Significance of the study
The present study has allowed comparing trends in maternal age at birth for DS syndrome
children diagnosed at the Center for Medical Genetics in Rwanda with what has been described

in other parts of the world. It has allowed answering some questions regarding DS pregnancy and
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maternal age in Rwanda. It is important information to the scientific community from a resource-
limited area of Sub-Saharan Africa where research data are poor. It is particularly helpful for
medical professionals in Rwanda to deliver education and counselling to patients’ families and
can be used in establishing future plans like prenatal diagnosis and other studies. This is the first

study comparing maternal age at birth for DS children with a reference population.

Limitations of the study

This was not a population-based study and only patients who presented to health facilities, which
were at the referral level, could be recognized. Since most of data were collected retrospectively,
some files were not complete and necessary information could not be found. Sometimes, there
have been technical issues (absence of mitoses, clotted sample, broken machine, etc.) and no
results were found in case blood specimen was not retaken. Mothers for the sampled population
were part of the reference population but their number was too small to modify the distribution
of the target population. The findings in this study should be interpreted in the limit of the

sample size and bigger samples may yield different information.

Recommendations

- Since advanced maternal age is, until proven otherwise an important risk factor for
DS, one strategy of prevention recommended to the general population is to complete
their families when they are still relatively young, especially for women.

- There should be an organized mechanism for a multidisciplinary follow-up
management of DS patients

- Families with DS children should be guided and helped to form parental support
groups to share experiences and have strong advocacy for patients care

- Prenatal screening and diagnosis services should start as soon as possible to respond
to parents demand likely to increase in the near future; this would not base on the
advanced maternal age alone since there is a big percentage of affected children from
young mothers

- Further studies to find out the exact etiology for non-disjunction trisomy 21 (age-
dependent or not) are needed; there is also a need to determine the
incidence/prevalence of Down syndrome at national level and studies, similar to the

present one, with much bigger sample size can be more informative.
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APPENDICES

Appendix A: Data Collection form
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Ragsarch project comparing the matemnal ags for infants with Down syndrome at the Centsr for
Madical Gansiics with the maternal age at childbirth in the Rwanda general population

Data collection form
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Appendix B: Table showing birth order for DS patients

Patient

birth order Freq. Percent Cum.
10" 4 1.51 1.51
11 4 1.51 3.02
12t 1 0.38 3.4
1 43 16.23 19.62
2 45 16.98 36.6
3 42 15.85 52.45
4t 39 14.72 67.17
5 24 9.06 76.23
6" 26 9.81 86.04
7 20 7.55 93.58
gt 11 4.15 97.74
gth 6 2.26 100

Total 265 100

Appendix C: Table showing number of births (P=parity) for mothers of DS
patients

mother's number

of births Freq. Percent Cum.
P1 42 15.97 15.97
P10 4 1.52 17.49
P11 4 1.52 19.01
P12 1 0.38 19.39
P2 45 17.11 36.5
P3 42 15.97 52.47
P4 38 14.45 66.92
P5 23 8.75 75.67
P6 27 10.27 85.93
P7 20 7.6 93.54
P8 11 4.18 97.72
P9 6 2.28 100

Total 263 100




Appendix D: Origin of diagnosed Down syndrome patients

District of origin Freq. Percent Cum.
Bugesera 7 2.3 2.3
Burera 2 0.66 2.96
Gakenke 2 0.66 3.62
Gasabo 59 19.41 23.03
Gatsibo 8 2.63 25.66
Gicumbi 5 1.64 27.3
Gisagara 6 1.97 29.28
Huye 21 6.91 36.18
Kamonyi 8 2.63 38.82
Karongi 2 0.66 39.47
Kayonza 7 2.3 41.78
Kicukiro 35 11.51 53.29
Kirehe 6 1.97 55.26
Muhanga 9 2.96 58.22
Musanze 14 4.61 62.83
Ngoma 1 0.33 63.16
Ngororero 2 0.66 63.82
Nyabihu 4 1.32 65.13
Nyagatare 4 1.32 66.45
Nyamagabe 6 197 68.42
Nyamasheke 3 0.99 69.41
Nyanza 8 2.63 72.04
Nyarugenge 40 13.16 85.2
Nyaruguru 9 2.96 88.16
Rubavu 9 2.96 91.12
Ruhango 4 1.32 92.43
Rulindo 2 0.66 93.09
Rusizi 4 1.32 94.41
Rwamagana 9 2.96 97.37
Foreign 8 2.63 100

Total 304 100
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Appendix F: Article from the study findings and published in a peer-reviewed

journal
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penstogeneils for the majority (sbowt 95%) of cases [1]. Wk
0 etinatod Incidence of Dowe syndeome of 1 1s 700 Hve bisths,
sdvieced monernal age sad aleted mekotic recombiestion have
boen idemifed ss 2 Independent sad strong maternsd correbaes
sasoctted with underlylsg mechanion of cheomonome Z1 noa-
didunction, parthouliely for the mother owlag to developmentsd
differences of cogenests compared with spermatogencsis mading
cacytes more valnersbile Lo msdsegregation durisg thelr serestod
phacie of cell divishon [2.3]. Advanced siateraal age (Sefleed st age
35 years of more) slone wia haltiadly ueed 1o screen pregasacies
for Dowe sysdreme [4.5]. Tesashoation and peatial trivomy,
other 2 chromosomal almormelities resporaible for Dows
syndrome, sad sccounting for about 5% of all Down syndrome
cases sre not relted 1o monernal sge; The patermal sage slio has no
Influence on chiromesomie 21 non diguncrion [6].

Slece the dicovery thie Down syndrome b owsed by
trisonry of chromoseome 21, subsequent studies have ensued
sming s Meatifing the ethologhe Gutors assechiod with the
usdeclying mochanlsm of chromoseme 21 NDf. Chromesomed
NDJ is consddesed complex snd multl-Sacoctal and ks underiying
mochsalsms s assocted with age dependent risk Swctors
while others are age-tadependent. Other ethologhe snd ridk Sacvor
hypetheses for Dows syadrome have emerged ke bolgiod
sod for genetic sgling hypotheses, gene polymorphien In fokae
metsbolle patbways, etc; sad reported resuls have been
conflicting or need further evidence [3,7 8]

A MRt o younger sges for Dowe sysdrome caoes has bees
spprecided In some recent studies B Padia, and sesdyses of
294 cxnes In & retrospective study on msterna sge soad Dows

found lts occurvence 1o be different In different sge
proups [9,10]. Researchers recommended futher studies on
larger sarsples 0o move chassctertoe this rebaionship. Nost of
ephdeniologiosd data reported on Down syndrome see stathticd
extimates from coustries [11] Differences (genetic,
rack, esvironmentsl, ¢fc) between black Africsa populbition
o developed world msde these &an hardly rellable [11], but
very few studies and dats specific for Africs can be fousd owing
10 the bk of gerethe teats haftsstructure, qualied personse] and
paverty.

Stece Josyotype saadyses have stwted ta Rwands fom
2006, we have been observing number of youmger mothers
giving Bleth 10 Infiets with Down This & = past
theught to be relted with the Gt that Rwvandss mothers give
btk st young age in general on cae hand, or on the other hand
adviaced madernal sge Bao litle Irepact on the sccurrence of IS
Tirths s It Roct Bown widely accepied In the Iteesture, To date,
epideninlogicd data for DS are Insufickent & natiorsd kevel
shace theve hic boen 20 mechanionm of Ity systemstic screenlng/
detection. However, The disorder b one of the st ressons
seel genetic conmailation in Rwands sad asvdlable dsts are o
cases soen o the center for husnan genetics with an adviatsge of
belng the culy ratiution In the country where the Stagnosls s
be confirmed. These dta reflect bt underetinete the degree of
the probiem Inthe general popubeion given & number of patients
that way go undetectod. Out of 345 patients consulted the
departisent of genetics up 1o 2010, 65 cases of Down syndrome
(18.6%) were confirmed on Jaryutype snslyses [12]. A soady

done esslier ta 2007 had shown yousg wommen 0o tepresent the
resfority of mothers with fee trisoony 21 Bleths ln Rwseads (72 5
34.40) yesrs were ol [12,15); Bot this wies done on seall senphe
(29 before the Beghuning of genetic tests In the country.

These dsea, with regulacly diagnosed cases of S infumts bom
1o young mothers, have lod s 1o think that DS bieths b Raonds
Ave more common I young mothers and may ke other rebaed
rik Sactors than advieced medernal age. We conducted & resesrch
10 exsmine whether those births eccur more fequently i the
maternsd sge Mcredses In Rwsads o If other risk fictors soe yet
10 be discovered. Maternal ages Sor U5 cases dlagnosed st the
Center for Humse Geneties In Resaida over & perfod of more than
9 years were compared with the maternal ages in the reference
populstion of Rwands using &as from the Demographic sed
Health Survey.
MATERIALS AND METHODS
Study design, site and pertod

A cross-sectionsd survey was condoctod af the Rwaeda Comer
for Buman Genetics. The center Is walgue In such & wiy that &
b the caly lmtiution In the country that cas offer karyetype
testing thanks 10 Iy medicel gesetics liboestory lecated In
Butare (Scheol of Medicine/University of Rwsada), southern
peovince. The study, sesdaly retrospective with seme ciies traced

feom December 2015 when the peoject wis stated,
covers & period of more thas 9 years for s collection since the
beglming of genctic testing, madnly karyotype ln Rwaada from
December 2006 till February 2016 The study per s boted 5
ronths from Decemsber 2015 till Aprl 2016 with the completion
of i Mesal report. The center ks still yousg with curvently 2 sedical
geocticists (PhD holders) dofng geeethe outpatient clinkes In 3
referral hospials, the 2 Usiversity Tesching Bospials In Kigsll
[CHUK] and Botare [CHUE] sx well as the Rasada Milnary
Hospitad In Kigall The medical gesetics laboestory can currently
euly perform karyotype locadly while DNA Is extescted sed sent
10 parteer bborsories (madely at the Conter for Humss Geneties,
Unbeersiy of Liege, Belglum) for moleculir anmalyses when
nooded. With Bels oquipsient now avstiabile, soleculse anilyses
wre expocted bo start ln the near future at the center locudly.

Patients

Three hundred sad twenty pathents (out of & total of 1560
tested at the cemer, or 20.5%) with DS were disgaosed over the
period tiee conshdered for &ea coliection. The made to fessale sex
raths wos almost 1:1 (or 163 mudes over 157 The mesns
age o the thme of testing wis 205 months (6155 &gy, 95% CL:
S05.6- T25.5); 30 Bables (94%) wete tested by age 29 &iys, 173
(or 63.64%) by thelr 1* sanlversay, sad 246 (or 8652W) by age
3 yoars, while 3.15%(or 10 patients) were aged shove 10 yeurs
The younger age ot the thme of conssliation /et wis the bisth
e for 1 Baby, while the oddest was 17 yesrs [Figure 1], Of the
304 patients with Idemtifed origls, 6 of ther were forclgners
(malnly Congelese fom refugee canps In Rwsads) whille the
rensadnder, 97.5% were natiomals from all the provinces (s 29
eut of the 30 dimricts) of the country,

Genetic tests

Cytogenetic tests were performed om periphersd venous Boed
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Wik descriptive statistics, Stats SE 13 softwase wit used to
determdne frogquenches of DS cases socording 1o differcst matersal
e fage groups snd the mess saterssd age i birth for this growp
of chifidren. Stnce theve wis no comtrel group 1o test whether the
msternal age ot birth of these DS pathents & different from that
In the general popalation, we used data from the 2010 RDES s
mentioned above. Durlsg the 2010 ROHS, 13,671 women is the

reproductive age from 15 yesrs 10 49 years weee leterviewed. OF
them, B, 094 worses Rad ghen birth o ot least one child with

& Toted of 32,659 children. The meses sad modie sges o which
each womse gave bieth were clloubted froem different sges when
her respective children were Bors and feom badivided maternal
recan sad modien agei. And we were sble 1o compule the mesn
and rodisn ages for the whole pepulition of women enselled
s the survey. The mesn magermal age wict 271 years, whik the
medisn was 263 yesrs. When these panoneters weee calcubited
for the Tast chiddbinth, the mesn maternal age was found o be
19 yesrs, witle the medlan wit 293 yesrs. Alter testing the
rormally, &da is our sample were found 10 Be not nocmally
Astributed and & son-parsenetric test (the Wikoson signed-rank
test) sppliod to compare the maternal sge s our study ssn ple 1o
reference mediens a » 005, I the 2010 RDES. AL & sgaifcance
level the test statistie eadeubmed has allowed sttticnd decision
and conchusion 10 veject the null kypothesis.

Ethical considerations

The study peotocol was submsiized 1o sad approved by
Tetmational Review Board of the University offowands College of
Medictee sad Health Schences (UR, CMES IRE). Appeowsd Notice:
No 036/ CMHS IRB/2016.

RESULTS AND DISCUSSION

I present stady, free trissary 21 was found in 306 patients (or
P6.2%) with one of them hunving double trisomy (chromosemes
Z1 sand X- 48, 000 « 21). Trandocstion cases wese fowsd In 11
petients (or 3.4%), 10 of them Belng robertsonlan trsiocations
(6casesafsockeomomome 21, two s oftnesloctions between
cheomomomes 21 and 22, o case betwees chromosores 15 sad
21 soud oo case between 14 and 21) with a rare tashection
between chromesone 21 sad the Y sex chromesone. One patient
was fosed to have 2 cell lnes with & standand Joeyotype 47, XY, ¢
Z1 s & robertsenlan tranadocation lrvolving cheomosomes 13
and 21. There wics dlwo one patsent with free/stusdsed trisomy
21 assockued with leversion of chiromesosie 9 sepmenms [47, XY,
* 21 v (p11; q13)] (Table 1 AJH). Move than S0% of patlems
were dugnosed only over the kat 3 yesrs betwees 2013 sad
2amns.

Maternal sge/date of bith was recoeded for owly 286

ptients. The youmgest gave birth 10 & DS chiid st 16 yeses of
age, while the oldest wict sged 53 years (Flgures 2.3). The mesn
resterisd age bs the whole group was found 1o be 34.5 yesrs [75%
(E 337- 353]. bs wnad, 46.85% were sged 34 and below, 44.4%
were between 30 and 39 years, while 27.27% were aged Between
40 sead 53 yesrs. Whes caloulated only for those with free trisomy
Z1 DS (276 pathenty), the mean maternsd age b 34.6 yeurs [95%
(:338355).

Ualng the Wikooxon signed-rank tesf, the @ test statistic
culoulated o the ol msterml sge of 263 years was 129
[p > |2 » 00000 or p vakie < 0.0001] for those pathents with
free triscanry 21 DS; positive and segative observations were
233 sad 43, respectively. Sinilar fladings were sltained when
cotmparison wic ade W the modiun rsternsl for the last-bors;
the 2 test statistic was 103 [p > jz| » 0.0000 o p vadue < 0.0001),
while positive snd negative observations were 200 sad 76,
respectively,

DS comtisues 10 be the most common Kentified gemetic
condtions is Rwands 4s it s the oo worldwide[1,11,17] The
wersge nusiber has Increased overtime sace the beglnslng of
genetic servioes with now 35 patlents per year (320 patients over
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Twhle 1 A: Karypctype reslts'
Keryotype Prg. Percest | Cem.
47, X 28 157 49906 4000
47.Xx+21 15 47.29 e
46, XY, rob 521,21 ){q1an0) 1 an | v
46, XX, rob #{ 2021 )(qi85510) 1 ae | s
Othar ¢ 1w 02
Totad e 190 s
Abbreviatiore: ro t » Rebertscelm Translocaticn
'O pattent with double triecrry 40, 3000 +21 was imentionslly
registared 2 47,3 + 21 for statisticdl parpases
Tablu 1 8: Cther karyctype reschs.
Other karyutypes Freg. Percsnt Curs,
46, X dee(Y)e )
fqt: !!“)“'(:in 1 1429 “ae
“”‘I ""! ',‘:lw’ 2 M7 4
46,00 (1421) (qi0q10) 1 1429 3114
46X, £ (1521) (qi0qe) 1 1429 N4
47,XY£{1%21) (q10:510) 1 1439 [T%]
47.XY, + 21 b (1 1.910) 1 1439 100
Towd 7 100 ITLAS
Abbreviatione der « Dartrasve Crromomens; t: Trasdocsson

» . >
Nl 330 34 bish of 05 i

Flpare 2 Matsouud sgs et batcs turv

9 years soud 3 months) while & wies 22 patlents per year In 2010,
This probedly reselts from Increasieg swarences of mediced
professhonsds sed population. Fladings of this study showed
that Surge propocties (53.15%) of Infots with DS disgeosed s
Towseds weee boen 1o mothers with advanced age (35 years oM
and above) sad satisticedly the msterssd sge for these childres
wo shgaificantly Mgher than the raternad sge st chidbieth ln the
Towsenda general population [p vikee « 0.0001],

These resils differ from those fousd eselier In 2007 ot the
s cemter [13); the mean matermal age was 315 years b the
2007 study while it was 345 yesrs for the currest sae [foe o3
the types of DS duryotypes, sad wot foe standad trisomy alone];

while the mothers 34 years and younger represemted 72.4% In
2007, we found only 46.6% I this study. These Nndags differ
kargely because the sample stoe wis mauch seeslier In 2007 then
I the current study (29 mothers i 2007 va 286 mothers todiy).
Steailsely, cur curvent fudings contrast with some other previeus
wudles ke is badia whese majocity of DS Infants weee bom 1o
mothers aged Below 35 yesrs [9,10 these 2 Indbee sbudies
showed liarge preportions of methers aged Jest 35 yours with
T27% ( or 64/69) and B5% (or 250/294) respectively. The
sumple stie In the bner study b very stnilber 10 owrs Le 29
vy 206 mothers though the 2 populations sre quie differem
with vespect 10 raceculuesd sad other sockd demographlc
aspocts. However, the percentage of mothers sged below 35
yesrs (85%) 15 much hgher thun what we found Is sur study
(46859 the author did not do any comparton with & control
1o mrke lederenthal stastitics but seply described the signifcam
satisticsd Aiference Between the 2 matersal sge ranges (Below
35 yesrs sad ¢ 35 years) with regaed to the occurrence births (X°
* 122 sad p vakses 0.002). Accoeding 10 ansther ladian study
with 6% cases of Down syndrome, the reseschers maasged 1o
conduct & com parative sesdysds with & contyol fom 200 Swsilies
selected randorsly from the sime community, sad they swadled
both purents and grandparems, Though the study was of snall
sample compared o curs, the suthors Sound that in bath cases
and coutrol, more chiideen were bom 1o yousg methers; 75% of
DS cxses were boen 10 mothers aged between 16 snd 29 yoars,
and In the control more chilslren were born 1o young mothers (18-
24 yesurs) sead Saher of sdvanced sge (3035 years). The sunhoes
thought & could be due to the Gt that uslly Indbe women
et msarried o yousg sge. baterestingly, ta the sume study, the
ughoes fowsd thae the sdviaced materml e was
& risk factor for IS Blethe e thelr muliple loghtte regression
model only grandmether’ age showed & significsnt diference In
the odds rthos smong the 4 variabiles (consangulseous marylage
and ages of reother, Saher sad menerna grandmother) anslyzed:
Ofts 1.30, 95% C1 122; 139 and p walue < 0.001. Most our dses
were obtdaed retropectively sad Rformation sbout the age of
nsterrad grandnothers and Gabers were nrbolng sad thelr effoc
on the coturrence of DS could 2ot be analyzed.

Our study weuld compere best with others In cur regiea

Netemal groups n ysars

ol

Tlgaew 3 Age prosps Par matwn of (6 patheets

J5M Qunat Gaeorwics 2{2c 1213 016,

4/6

40



@SciMedCeannil

Adwwro et ol (3004)
Eacit eairiviyeeal cow

where presouly shfbeities ot lesot for moe (Black)
s close cultures But there are smost mo data. Nevertheless,
the proportion of advanced matermnsd age In our wudy wis
comparable 1o fladiegs In South Africsn hoopiiad based birth
prevadence studies in Pretoria urbsn scedemie hospital & resd
hospial and Johanesbury acsdemic hosphad wodles, DS kfils
born 10 mothers aged 35 yesrs snd above were 52¥, 56% and

S5%, respectively [15]. Starllarly ta the 20-year birh previdence
study 1 Cupe Town, from avsdlable dits on maternal age between
years 19057 and 1993, DS fafiats boen 10 mothers aged over 35
years were 35%, 529% and 60% for whites, colesed saad blacks
respectively. Here, the researchers conflnmed the Increasing risk
for DS with advancieg muternad age snd theee wis no sigaificant
diference In beth prevadence bs the three esce greups [19]. b
this sady, the nusiber of mothers with known sge (from 1987
10 1993) wat 261 and shniber 1o our sample stoe; agun the
reseaschers were Interested In Bleth bacidence/| soad o
Infierence Inthe generad population was made. bs the 201 2 anmesd
veport s Baglind and wades, the mesin sge for womes st birtk of
thelr tafieats with & diagnesls of Dows sysdrome wis
353 (95% CE 348 - 359), with s oversd] (pee and postraslly
diygnesed) 65% or 1163 /1786 of the women aged 35 o older
[20]; these results ase compaesbie /consisient with eur curvent
Nedings. St resulls weee feund In other European coustries
frem EUROCAT (Europesa Survellance of Congenital Amomalies)
registries over 20 yesrs between 1990 snd 2009 [21]; over halfl
of DS cases occurved In methers sged 35 yesrs and above n 10 0f
the 12 paeticipating Burepess countries (Table 2).

Whether studies menthoned sbove comipare well or sot owr
Meadings, Uiy has given us o difereat trend from what we belleved
before (or st beast from the few dats we kad) In maternad age
vis-dvis the occurrence of DS sysdrome beths in Rvsada. Ifwe
mmmummmmmmw
moothers, our future reseseches would focus on
mmmmmw-wwqu
would recommmend ofher policies Bhe prewstal screeniag and
diagnosts o consder and boie on That siusehoa.

The mean age o which the diygnesls of DS was coaflrmed
with s kseyotype (20.5 month) wict msrhedly lower ba this study
compuered 10 that bs the 2007 study o the ssene couter (9.2 yeurs)
[15]. Agaln, this sy poetly resdl from lmpeoved awireses
of mediced care providers vis-bvis Down syndeome and use of
gonethe services which may explaln a big percentige (>50%)
of cases Stagneaed only over the last 3 years of the considered
period of more thae 9 yesrs; saother possible Bactor
o an Improved use of health care services I general thanks
10 the community based health basurance & & was evidenced
by the laege propection of Its Rokders s this study (728% or
190/261 known lasured pathents). The extitiag triasfor systers
sdso allows Sor patients from say corner In the country 1o resch
referral hospials where geuethc services see avadlsble, bat it &
1Bely that number of patients may Sl to consull ghven diffecent
social cconomic rescsons especially Sor those feom remote areas.

IS merbidity snd mortality asseciated soclal-ecomomic and
Mesencial expenses are 4 big burdes S both patienty’ fenilies and
the coustry and deserve & specisl stention for the optinsd care of
alfectod Bdividusds from eacly Infancy 1o adalt Iife. Ablg challenge
with these patients by acoess o corrective surgery for congenitnd

hesrt defects (CHDs) arcund haif of DS Infets In our
wody, 172 pathents (533.7%) bl echocsediogesghy dose and 113
ofthers (65.7%) had abeormad araoetical Bodings or congenial
defocts. These Migures were ruch Mgher than whst K Is already
Inows feom other studies becsess It Is possible that those with
saspectod heart defects from exson were mwore Wely 1o
harve echocurdiog raphy requestod, and 2o Systematic screenlig
of heart defects was done; I they are tuken from the totsl group
(Le. 113/320 or 35.3%), 1 mogy sedevestinne the magnitade of
the problers. In sy case we may sy with some certalety that
CHDx frequency ranges from 35.3% 10 65.7% In cur sadled
populstion of patients with DS, which coafiems, B In other
researches that CHDs are & ssor birth defoct sonong the Dowa's.
The previdence of CHDs In Rwsnda Is not kaown but this seems
10 b very lmportaat and DS i by S the knows genetic disorder
Mentified 1o Be associatod with these congenhiad anomalics Inthe
Pwsndan children as demonstrted Is our previous study [22]
Today cardisc surgery & possble in Rwsends theenies 10 vishing
tewns from Australis, Belglum or the Unied Staes of America

wice 8 year on average; theve b abways a long walting le
and only from those consddered 10 Rave & “good prognoals™ are
selocted patients 1o beneflt from susgery. DS syndrome patients
are wot part of prioriy ks these programs sad are aleost otally
escladed. To the bet of our knowledge and frors the Sosllles we
Tarve msdnliined o veguler follow.up, only Bee pathents benefhed
from csediovasculee susgory sad three of them had o go ot
of Afrdca (1 tafiot underwent open Reart surgery Is Germsay,
the second cae In Indiy, and the 3 In the USA); 2 childres had
thelr surgery ot King Fubisd Hospital, Rwanda (one underwent
& PDA closure, the 2 had open heset surgery). Another fanlly
reporsed thelr child died wihile they were Ie process 5o Ui b
abwoad Sor heset surgecy. Other sasoched beth defocts were
reporsed for 10 pathents only. Four patieats kad gastrolmestingd
nle-rebned disorders (1 csae of lmperfonae anus, 2 cases of
Hirschsprung disesce, 1 ceie of duoders] atresis), 1 patient
head congenlind caaenct, 2 pathents had uriaey tract Ssordess
(cryprorchidion sad hypespadiag, 1 seomady for each patient),
and Wypethyroldism (not cless whether congealiad or scquived),
ypdeocephadus and brachisd cheft oyt were documented for 1
petient vespectively, These disonders and others sare peohubly
wderreported or seply overlooked siace there no sysematic

Table 2; Marmber of Dowe syndrome patissts diagacesd ba diffever

Yeer of tent Freg. Ferent Cure
007 " 63 563
on w 13 ars
009 3 408 zn
o 37 1mmn Jo.e3
W1 pb) mn 40594
w013 n a4 415
o 12 1054 44
014 .7 1400 T3
018 ” R vin
s ? 9 190
Torad b we 47554
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screenlag for thelr detection which shows the need to bulld &
well organiied sed stroag mulidisciplinary spproach foe the
murgement sl Bllow-up of this vulnerabie group of patients
s well as the Inprovesient is docamentstion of health systers of
the country In general

The lacidence andfor prevadeace of DS births are likely to
charge stece lnkbaives for specific survelllance programns see
belng uadertaden In Rwsede sad slso due to the swwreasss of the
suthorities sad Gentilies. ba developed world, ssgority of DS caaes
e prevnadly disgeosed and sre Bhely to resull bs termlestion
of pregrancy for fetal anomalles = 809 foe (BUROCAT regietries)
where this practios t legally sccepted [17,16]. This has preveated
the Bve brth prevadence of DS from a5 the number of
aflectod peegasncies has tacresiod doe 8o the rise In svetsge of
muternal age [16]. This, with s lacrescing awseeness of the
penernl public, prenstal disgrosts Is golng 10 be Inevilibly more
ol moee derssaded In Rwands. The modicd] professionsds,
especially obatetrichins have 10 get prepaced sead think of setting
up required equipmentand techuiod expertise. Theugh sdviaced
menernal sge was (s our study s sy others dose befoee) sn
Irnportant major risk fictor for DS peegnancies, theee & abways &
iy proportion of chikres born to youny mothers for which risk
factors are yet 1o be determined. If prenseal diygnosls services
were started I Rwanda, thelr offer would net sleply Base on
sdvieaced manernal sge as leaely criterion & & & no Jonger the
case In developed workd with & shesilee trend In mternal age for
DS brirths,

= concladon, IS &5 an dmportiot problers and deserves &
spochil srention b Rwands Our fiadings showed that [S mfaats
sreborm to meee sged mothers than others ts general popalaion,
& trend sheile 1o tha observed In developed workl Prenasd
diagnosis & urgently noeded to respond 1o 2 high densad Mely
10 accur n & sesr finure. And mece organtoed, mukidisclpinary
sl patient/Genlly- contered appecach & yet 1o be achioved for
optimal management of thoae lafiats born with the condition.
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