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Preface 
 

This book features up-to-date, well referenced research and review articles on Down 
syndrome. It provides a concise yet comprehensive source of current information on 
behaviour and learning, orthopaedic features, congenital heart disease and acute 
lymphoblastic leukemia in individuals with Down syndrome. Development of 
multimedia softwares and artificial intelligence techniques plays an important role in 
the learning process of Down syndrome. Attention has been focussed on the present 
status of research on prenatal diagnosis of Down syndrome with the subsequent 
option of termination of pregnancy. Down syndrome has been and continues to be a 
central focus of prenatal testing technology due to its high frequency of live births.  

Over the last three decades, prenatal screening for Down syndrome and other 
chromosomal abnormalities has become a routine practice during antenatal care. 
Prenatal diagnosis of Down syndrome has changed from second to first trimester 
because of the higher detection rate and earlier diagnosis. While it is never easy for a 
couple to decide to pursue prenatal diagnosis, because of the possibility of 
subsequently having to consider termination of pregnancy, this is an option which is 
chosen by many couples at high risk of having a child with a serious hereditary 
disorder. Moreover, the ethical issues surrounding prenatal diagnosis and selective 
termination of pregnancy are both complex and emotive. Prenatal diagnosis can be 
carried out by both invasive and non invasive methods. The most common indication 
for prenatal diagnosis for Down syndrome is advanced maternal age.  

This  book will be useful not only for research workers and medical practitioners, but 
will also be an important reference for the management of Down syndrome. 

This book consists of four sections. All sections include chapters on recent advances in 
Down syndrome research. 

Section I describes the behaviour and learning aspects of Down syndrome. People 
with intellectual disability require education to help them resist abuse. Individuals 
with Down syndrome can live full, productive and quality lives with help from 
modern medicine, multimedia technology and lifetime educational/support programs. 



X Preface 
 

Section II deals with dental and orthopaedic features of a child with Down syndrome. 
Dental problems are very common in Down syndrome with an incidence about five 
times greater than that of normal child. Skeletal development has also been assessed in 
individuals with Down syndrome. 

Section III describes the incidence of Acute lymphoblastic leukemia in Down 
syndrome child. Compared to children without this syndrome, there is ten to twenty 
fold higher risk of developing acute leukemia in Down syndrome. 

Section IV presents both invasive and noninvasive methods of prenatal diagnosis. 
Recent advances  in the detection of cell free fetal DNA in maternal circulation, Down 
syndrome screening after assisted reproduction techniques have been reviewed.  

All the Articles are very interesting and provide an up-to-date knowledge on recent 
progress in the area of prenatal diagnosis in Down syndrome. 
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Imitation as an Element of Social Interaction of 
Children with Down Syndrome at School 

 Patrícia Páfaro Gomes Anhão, Luzia Iara Pfeifer  
and Jair Lício Ferreira Santos 

Ribeirão Preto Medical School, University of São Paulo 
Brazil 

1. Introduction 
Because of the development of new health practices, mainly those related to prevention and 
early diagnosis, life expectancy of people with Down Syndrome (DS) in developed countries 
increased from 12 years in 1940 (Penrose, 1949) to 60 years nowadays (Bittles, 2004; Glasson, 
2002). Different kinds of treatment and therapies, especially early stimulation, have 
contributed to the development and social performance of persons with DS (Moreira, 2000), 
so that she/he can experience new situations such as inclusion in regular schools.  
Diagnosing trisomy is not significant in the prognosis or determines strong more or less 
pronounced physical aspects. It does not establish higher or lower intellectual effectiveness, 
either. There is a consensus in the scientific community that there are no different levels of 
DS and that the developmental differences occur because of individual characteristics that 
stem from genetic inheritance, stimulation, education, environment, and clinical problems, 
which are all inter-related (Silva & Kleinhans, 2006). 
Children with DS can have difficulties adapting socially because of the delay in mental and 
motor development. Thus, family support and motivation are needed to help the 
development of stronger autonomy when performing daily life activities (Glat, 1995). 
Because the family can help those children to, or prevent them from integrating in life 
contexts, it is extremely important to educate and advise the family from diagnosis on in 
order to make them aware that the child will go through all stages inherent to development, 
which imply different needs, including professional help involving objectives and strategies 
that will consider not only the level of impairments, motor and language changes but also 
the child’s potential and skills to perform daily tasks and live in different community 
settings (Glat, 1995). 
Although children with DS present lower functional performance when compared to 
children with typical development, that difference does not remain consistent throughout 
their development because the child with DS, little by little, develops mobility skills that are 
gradually incorporated to his/her daily repertoire, affecting his/her independent 
performance in several daily activities (Mancini et al., 2003). 
In DS, sequential auditory memory problems somehow block attention and make it difficult 
to stay focused as long as necessary, which shows those subjects’ difficulty storing 
sequential information. Physical tiredness itself and brain synaptic communication prevents 
information from flowing properly, which is understood as lack or loss of attention 
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(Troncoso & Cerro, 1999). That shows the importance of imitation and the presence of a role 
model for an individual with DS,  when his/her attention fails, as pointed out by the 
authors, he/she can, by imitating the model, find ways  of  regaining the content missed 
because of the lack of attention.  

2. The role of  school in social interaction 
Throughout the history involving disabled people there has been a world wide concern 
regarding their  integration into society and, as with any ordinary citizen, their civic life 
starts in school, thus, it is only fair that those people be included in these socio-educational 
settings.   
School is a very rich environment for the development of social skills, and it is noticeable 
that children from well-structured school settings tend to be more sociable, show more 
developed social interaction, play more advanced games with their peers, and exhibit more 
solid knowledge of social rules (Bonome-Pontoglio & Marturano, 2010). 
The objective of  child education is to make the child develop a positive image of 
him/herself, be more and more independent, trust his/her abilities and perceive his/her 
limitations; to find out and know his/her body little by little, his/her potentials and 
limitations by taking care of his/her health and well-being; to establish affective and 
exchanging bonds with adults and other children, strengthen self-esteem and expand 
possibilities of communication and social interaction gradually; to establish and expand 
social relations by learning how to articulate his/her interests and points of view, respect 
differences and develop aid and cooperation actions; to observe and explore the 
environment out of curiosity and feel as part of it, as an agent that will be dependent on and 
transform the environment, valuing attitudes which contribute to its preservation; play, 
express emotions, feelings, thoughts, desires and needs; use different languages (body, 
musical, artistic, verbal and written languages) for different intentions and communication 
situations, in a way to understand and be understood, express ideas, feelings, needs, desires 
and progress in the process of meaning construction, enriching his/her expression skills; 
learn about some cultural manifestations, showing interest, respect and participation and 
value diversity (Brazil, 1998). 
Entering school is the child’s first contact with the world outside the family environment. It 
is a big step as well as a challenge to those who participate in that new stage. To understand 
child development it is necessary to observe him/her not only as an individual but also in 
his/her social relations. It is important to observe the way the child expresses him/herself in 
a group in order to understand him/her. The school can help the development of his/her 
individual identity and favor his/her future social relationships in a determinant way 
through relationships with the others. 
A disabled child’s inclusion in regular schools is getting more and more common and the 
way it happens is closely related to local culture and policies (Luiz, 2009), that is the reason 
why it may happen in many different ways in cities, regions and countries (Buckley & Bird, 
1998). 
Inclusion foresees school integration in a radical, complete and systematic way in which all 
students should be in regular school classrooms. There is a proposal of a way of organizing 
the educational system which considers the need of all students and it is designed according 
to those needs in inclusive schools. Therefore, it involves not only the disabled students but 
also all those who have any kind of learning difficulties. The inclusive view eliminates the 
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subdivision of special and regular school systems. According to that view, the school should 
address differences without discriminating, without working separately with some students 
and without establishing specific rules to plan, learn and evaluate. For the proponents of 
school inclusion it is mandatory that the educational establishments eliminate architectural 
barriers and employ teaching practices appropriate to the students’ differences in general, 
providing alternatives which contemplates diversity besides the teaching resources and 
special equipment that can meet all educational needs of the students with deficiencies or 
not but without  discriminations (Mantoan, 2003). 
According to Buchley and Bird (1998), there is evidence that inclusive schools have been 
seen as the best schools for all kinds of children, and those that are prepared to receive 
children with special needs and have changed the teaching system, have improved 
education for all children. In such inclusion process not only the children with special needs 
experience positive aspects, but also all children who start living with diversity become 
more prepared as human beings for adversities and differences in life. In this case, the 
society will be responsible for the inclusion of all people who present some kind of 
difference, in other words, the society must adapt, accept and live together with all its 
elements, regardless of their abilities or their difficulties.  
According to Vieira and Denari (2005), for school inclusion to take place, besides school 
structural, ideological and professional transformations, it is essential to consider the social 
and objective aspects of the process. Misinformation and lack of daily contact among people 
with typical development and people with special educational needs, can contribute to the 
build up of prejudice and difficulties in social interactions. That is the reason why it is 
necessary to boost direct contact and access to information and encourage thinking about 
diversity from an early childhood.  
The objective of pre-school is to facilitate learning of basic concepts, provide socialization and 
development of skills of autonomy in self-care activities. Thus, when parents and teachers 
include a DS child in pre-school, they expect that they can, mainly, develop their 
comprehension of rules for social living, acquire autonomy to perform self-care activities such 
as eating and hygiene (Ferraz, Araujo & Carreiro, 2010) and become literate (Rubim, 2009). 
Although DS children exhibit lower social interaction than their peers with typical 
development, when they are included in pre-school, they accelerate their language 
development, decrease their aggressive behavior and learn social rules (Monteiro, 1997).  
Nowadays it is widely accepted that neurobiological functioning and environmental 
experience are reciprocally influenced (Cichetti & Toth, 2009) and advances in neuroscience 
have contributed to the understanding of a young child’s development in his/her 
interaction with the environment (Bonome-Pontoglio & Marturano, 2010). 
Living together in an environment which promotes a variety of stimuli and different 
possibilities of discoveries will allow the individuals’ brain reorganization and plasticity 
(Silva & Kleinhans, 2006). It is undeniable that adults strongly influence a child’s life in 
relation to cognitive and social development, however, children can also learn from their 
peers (Flynn & Whiten, 2010). Thus, schools become a very important place for learning.  
Social interaction is one of the most important tasks of a child’s initial development because 
it is characterized by the expansion and improvement of one’s social behaviors repertoire 
and, simultaneously, by a gradual understanding of values and rules which govern life in 
society (Del Prette & Del Prette, 2005). 
Studies have shown that the inclusion of disabled children is beneficial and promotes gains 
not only in terms of academic achievement but also in terms of skills related to speech and 
social behavior (Buckley & Bird, 1998; Buckey, Bird, Sacks & Archer, 2006). 
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By making an association between the process of social interaction and school inclusion of 
DS children it is possible to consider that when they enter school, interpersonal relationship 
with their school mates offers wider range of role models and demands for the acquisition of 
new social skills. Social performance and quality of relationships at school are based on 
behavioral resources previously acquired by the children in their family environment. 
Considering recent inclusion policies, it is possible to understand that interpersonal 
development (especially problem solving skills, self-control and pro-social behavior) is an 
essential component of that process. Such stance is consistent with those adopted by several 
researchers who promote the improvement of relationships among peers as one of the main 
objectives of inclusion: motivation of acts of comprehension and understanding of 
differences on the part of peers and teachers (Del Prette; Del Prette, 2005). 
Several authors mention that children with regular development prefer to imitate adult 
behavior in order to meet a specific goal (Huang, Heyes & Charman, 2006; McGuigan, 
Whiten, Flynn & Horner, 2007; Whiten, Flynn, Brown & Lee, 2006). Children do that because 
they want to get socially involved and show that they are similar to the others around them 
(Nielson, 2006; Nielsen & Carpenter, 2008).   
Imitation, as any other cognitive processes, is not innate, it changes due to the subjects’ 
actions on the objects in the environment, firstly it is an extension of the action, that is, 
movements where the child can see her/himself doing the action and it evolves to a moment 
when the action becomes internalized and the child acquires the possibility of imitating 
events even in the absence of role models (Piaget, 1964/1978).  
In child development, imitation presents two different but complementary functions, one of 
them is the cognitive function that makes learning about world events possible, and the 
other is an interpersonal one, which allows sharing experiences with the others (Uzgiris, 
1981). Imitation occurs primarily because the child needs to understand the others’ intention 
in communicating, that is, he/she is going to imitate whatever she/he thinks that his/her 
peer wants to be imitated, thus “feeding” social interaction (Nielsen & Hudry, 2010). As can 
be seen, imitation is a very important characteristic of the construction of social skills.  
There has been increasing evidence that children with DS are strongly likely to copy the 
others (Wright, Lewis & Collis, 2006; Anhão et al., 2010). Children with DS are very 
observant and they use imitation as an instrument for creating social skills. 
In an observational, non experimental study conducted by Anhão et al. (2010) with three to 
six-year-old children with DS from the regular educational system, it was possible to 
observe that, among several observed characteristics of social interaction, when compared to 
their peers with regular development, only two kinds of skills presented statistically 
significant results: “makes first contact” and “imitates (an) other child/children”. 

3. Contacting others 
The typical development group had higher number of “makes first contact” behaviors. Such 
behavior indicator tried to investigate how often the study subjects (with Down Syndrome 
and regular development) started social interaction, that is whether she/he tried to make 
contact with another child, suggested games, started a dialogue with another child, or 
invited a peer to play by touching (Anhão, 2009).  
Those results suggest that children with typical development, the study subjects, found it 
easier to start social contact. Angélico (2004) classified that kind of behavior as social 
communication skills in his study about the social repertoire of teenagers with DS. The same 
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author verified that in the situations studied most of the subjects with DS had a deficit of 
responses for assertive coping in their behavioral repertoire. 
According to Soresi and Nota (2000), many studies have shown that people with mental 
retardation have poor interaction with the others. The same authors, through a meta-
analysis of different studies, claimed that DS school children and those with developmental 
disorders (moderate or severe) poorly adapt to school demands and, in general, experience 
difficulties achieving reasonable levels of school performance. They especially have 
difficulties in two wide classes of behaviors which are fundamental for school adaptation: 
relationship with peers and relationship with teachers. The latter is related to the ability of 
meeting the teachers’ requests within school settings and the former is related to the ability 
of participating in group dynamics, facing negotiation skills and start positive relationships 
with schoolmates. Those difficulties decrease the quality and number of social experiences, 
which potentially results in serious negative effects on their abilities to adapt to adult life 
and on their social integration. That ability must be stimulated by the school environment 
for a complete development of life aspects, both in DS children and in children with typical 
development. Thus, inclusion is founded on the human and socio-cultural dimension which 
tries to enhance forms of positive interaction, possibilities and support for difficulties, and 
meeting needs, all of which is done by listening to students, parents, and school community.  
Among other aspects, children with DS have been shown to present a deficit in social 
assertive abilities, those that depend on a stronger initiative and to develop better passive 
social skills, meaning those in which the influence of the environment is determinant 
(Anhão et al., 2010).  
The set of abilities that allows children to understand, make references and consider their 
own and the others’ state of mind and compare them, participating socially based on that 
comprehension is known as the theory of mind (Alves et al., 2007). The theory of mind is an 
area that investigates pre-school children’s ability to understand their own and the others’ 
state of mind and, thus, predicts their actions or behavior (Astington & Gopnik, 1988, 1991; 
Dias, 1993; Feldman, 1992; Lourenço, 1992; Siegel & Beattie, 1991; Wellman, 1991). Research 
on the theory of mind by Baron-Cohen and colleagues (Baron-Cohen, 1991 and Baron-
Cohen, Leslie & Frith, 1985) with autistic and DS children were very important for the 
development of the innatist perspective. Leslie (1987) argues that the sheer absence of ability 
for popular psychology in autistic and DS children would support the opinion that those 
children have an innate neurological deficit. 
A child, from a very early age, has the ability to regulate shared attention (Baron-Cohen, 
1991). According to Fodor (1992) human beings are born with a social module which allows 
them to acquire the popular psychology typical of the culture they belong to. To that author, 
the theory of mind is related to the innate capacity of elaborating theories, that capacity 
would involve an intellectual process aiming to infer a group of beliefs guided by certain 
rules, which is another group of beliefs.  

4. Imitating the others 
Anhão et al. (2010) found out that a group of DS children presented greater “imitates (an) 
other child/children” behavior in comparison with their peers with typical development. 
That social ability referred to moments when the child observed his/her peers performing 
some kind of action (during a pedagogical activity or a game) and  reproduced it in his/her 
own way. “Imitates the teacher” behavior, which referred to moments when the child (with 
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DS and with typical development) observed the teacher’s action, his/her way to gesture or 
speak, and reproduced it in his/her own way, did not show significant differences in 
frequency between DS children and those with typical development (Anhão et al., 2010). 
These data may suggest that DS children are more likely to imitate other children’s 
behavior, and not to seek a performance “model” among teachers. Comparing the latter 
observed in this study it was possible to notice that this difference does not mean that the 
teacher does not have an important role in the process of social interaction and inclusion, 
but rather that children in that age require more interaction with others who have the same 
interests as their own, thus they imitate their peers. Such results show the importance of 
school settings in inclusion as a positive aspect in the process of social and academic 
development since that setting influences a stronger contact with DS children as well as with 
other children with typical development in the same age, which does not happen in 
protected settings of special learning or even in therapeutical settings. School inclusion has 
proved to be really effective providing models of social performances which are effective for 
DS children, helping them to create social symbols which are determinant for the 
development of social aspects (Anhão et al., 2010). 
Rosin-Pinola (2006) believes that interpersonal development of students with some 
disabilities can be seen as an adjuvant in the process of integration and inclusion of those in 
regular school, as it increases the number of demands for communication with peers and a 
better use of social conditions of development and learning.  
Social skills are learned and the demands for their performance vary according to the stage 
in which the subject is as a result of environmental contingencies to which he/she is 
exposed to (Angélico, 2004). Thus, a pre-school child does not have the same social abilities 
as one from elementary school, and the abilities of a teenager would exhibits are not the 
same as the ones expected in an adult or an elderly (Soresi & Nota, 2000). 
The results by Anhão et al. (2010) show the importance of providing children with special 
educational needs with an inclusive education system as soon as possible, as Stainback and 
Stainback (1999) have noted.  
As mentioned before, imitation of others is widely recognized as a fundamental behavior for 
the learning process in the first years of life because it supports the development of 
relationships others and it is the basis of social learning (Hurley & Chater, 2005). Although 
children with DS are considered good imitators, the study by Vanyuchelen, Feys and De 
Weerdt (2011) pointed that that behavior seems be more associated to age than to some 
specificity of the syndrome.  
As several important authors talk about imitation in children with regular development, it 
makes sense to bring such observations to the world of children with DS.  
Therefore, it is necessary to understand how DS children’s behavior occurs in the school 
setting as opposed to imitation actions in their peers with typical development, which 
contributes to their social interaction and learning. Thus, it is important to understand how 
imitation happens according to different authors.  

5. Imitative action 
Wallon (1979) presents the situation by focusing on two different ways of determining 
imitation. The first one says that imitation is an action which reproduces a model, but that 
implies admitting acting previous to it. He believes that imitation stems from postural 
activity and distinguishes spontaneous imitation from intelligent imitation. The role model 
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does not impose him/herself as something external to the subject and although it has 
originated as a perception it seems to be intimate and impels him/her to an imitative action 
which complements and reestablishes a psychomotor agreement. The second one, imitation 
is different from the model: the subject decides to imitate or not something felt as external. 
The change from one to another is, however, a slow and complex process. Intelligent 
imitation tends to establish dissociation between what is noticed, desired or imagined and 
what is done. That opposition provides an acting plane. Acting would be, according to him, 
the result of the replication of reality, in other words, a development from the sensitive, 
concrete plane into a similar one, formed by images, symbols and ideas.  
The similarity between imitation and acting leads us to think about the influence or 
participation of imitation during acting too. It is clear that both processes develop to 
different planes: one in the motor plane and the other in the plane images and symbols. But 
the strength of the analogy is due to the fact that both processes have a problem in common: 
turning an intimate formula, a result of a condensation of impressions and several 
experiences, into successive terms, that must be localized in time (Pedrosa, 1994). 
Studies by Nadel (1986) and Nadei and Baudonnière (1981) show some kinds of imitative 
behavior among children, and they state that the main basis of social relationships among 
three-year-old children is an immediate imitation. Echerman, Davis and Didow (1989) 
showed that in children who are around 2 years old, interacting with peers who are not 
familiar, a new behavioral organization appears: the child repeatedly imitates the others’ 
games creating social games which seem to be constructions of the moment and not a 
reestablishment of the script previously rehearsed with familiar peers.  
Eckerman and Stein (1990) compared 24-month-old children interacting in dyads with and 
adult during a game. For eight children, the adult reacted as if following a program, 
imitating the child’s movements during the game, for the other eight, the adult reacted to 
the same game material but in a different way, not related to the child’s actions, this 
procedure is similar to the way the partner of a child reacts when they are below 24 months 
old, according to some previous observations. The authors mentioned above assumed that 
imitative actions, which occurs more often at around 24 months is one of the elements which 
contribute to a new form of behavioral organization identified in peer children of that age: 
imitation motivates imitation and leads to the generation of social games in dyads. The 
results of the experiment described, conducted with child-adult dyads, point to the authors’ 
assumption and they emphasize the need of continuing with the studies with children 
interacting in natural situations.   
Nadei et al. (1989) believe that imitation among young children, who still do not command a 
verbal linguistic code, makes up a transitory system of socially sustained exchange and has 
a fundamental role in communication among peers. 
According to Winnicott (1996), cognitive, social and intellectual development depends 
mainly on the relationship of the child and the transition object, which is the peak of a good 
individual development and the game of imitating relatives, teachers and friends start from 
that. Therefore, imitation games contribute to growth and health and lead to group 
relationships. 
Imitation is based on the perception-action mechanism which combines the visual kinematic 
characteristics of an action perceived with the motor kinematic characteristics of the action 
itself (Prinz, 2002). That visual-motor skill starts much earlier than the development of 
language for the children, which is very clear in children with typical development soon 
after the birth (Meltzoff & Moore, 1977) as well as in DS children (Heimann, Ullstadius & 
Swerlander, 1998; Heimann & Illstadius, 1999).  
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When a child imitates another person there is a discharge on the mirror neurons (Gallese, 
2007). Those neurons are brain cells which fire when a subject copies an action or simply 
observes someone performing some actions (Rizzolatti, 2006). The activation of these 
neurons helps children to understand other actions and, therefore, they play an important 
role in learning, how children learn about the world, how they act and how they play 
(Stagnitti, 2009).  

6. Imitation in school routine 
In school routine imitation is many times understood negatively because it limits creativity 
and neutralizes students’ free expression, as in the sentence “he who copies, does not 
create”, and in the discussion about the relation between copy and re-reading of works of 
art. Thus, imitation is doing the same as somebody else in a mechanic way and does not 
represent the subject’s cognitive potential (Pimentel, 2000). Here, however, imitation is 
being considered not as a copy but as a reproduction of an action after an observation the 
way that the observer understood and learned the mentioned action, in an attempt to feed 
social interaction.  
According to Fernandes (2005), it is through imitation that children in general recreate and 
not just make a copy of the world they live in. He also states that imitation is inherent to the 
learning process, changing according to historical and cultural determinations, not in a 
mythical or mechanics way, but as a determinant factor for acquisition of knowledge and 
future development of the students. Imitation is an intellectual activity when the individual 
acts under others’ influence, however, he/she grasps knowledge according to his/her 
development level.  
Teaching imitation skills is, many times, the first step of interventions with children with 
intellectual disabilities (Vanyuchelen & Vochten, 2011), DS children can be included here. 
In psychological studies, imitation is studied through different theories. According to the 
genetic theory, imitation follows the level of development, forming structures of inner 
symbolic representation that evidence intelligence and is a copy of images which have been 
interiorized (Piaget, 1978).  
In the behaviorist conception, imitation is the objective and mechanic copy of what is 
around and it is able to modify an individual’s behavior and make up his/her own habits. 
Thus, the child learns by modeling and observing (France, 2998). 
Vygotski states that imitation is a dynamic process which contributes to learning and makes 
it easier, demystifying the mechanic or restricted aspect attributed to it (Gasparin, 2002). 
Vygotski, however, does not rule out the possibility that there are times when imitation 
becomes simply mechanic. However, he tries to expand that restricted sense to a wider one 
in which imitation is the basis on which acquisition of human knowledge and development 
occurs. That premise counts if imitation is observed as an intentional and intellectual human 
activity. Thus, a dialectical unit is formed between mechanical imitation and intellectual one 
(Fernandes, 2005).  
Vygotski (2001), in a social historical view, believes that a proximal development zone is 
more important for intellectual development and improvement than the actual level of 
development because it confirms the thesis that a child who is helped can do more than 
when he/she does that alone. He adds that it is only possible to imitate what is in the area of 
intellectual potential, in other words, to imitate it is necessary to have some possibilities to 
go beyond what is already known. Development derived from collaboration via imitation is 
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the capacity to transform what children can already do into what he/she still cannot do, 
providing a basis for learning and subsequent development.  
When it is said that a child imitates, it does not mean that she/he looks at another person 
and imitates him/her like a mirror, it indicates that a future action can present 
characteristics of the way the other does things. Such aspect is subjectively implied in daily 
relationships in a classroom. Thus, learning through imitation means that the child performs 
better when he/she learns together with other people (Fernandes, 2005). 

7. DS children imitation in school routine   
Fernandes (2005) points that when the human being imitates, he/she does it according to 
cultural references that he/she has as basis and establishes new associations and 
combinations according to his/her interests and needs. The individual never simply copies 
the other, he/she makes a connection between imitation and creation.  
Memory has an important role in the development of the human being’s intelligence and 
learning. Children with DS hardly ever forget what they learn well. Those children’s visual 
memory develops faster than the auditory one because of the bigger amount of stimuli, thus, 
they acquire good sensory memory, recognizing and searching for stimuli. Progressive 
learning facilitates the development of the sequential auditory, visual, tactile and kinesthetic 
memory (Escamilla, 1998). Once again the hypothesis that imitating a model could help 
individuals with DS develop better memory aspects comes up.  
Troncoso and Florez (1997) believe that DS individuals do not have difficulties performing 
old activities using common knowledge even if they are long, but they have problems when 
it is necessary to develop new conducts which request programmed organization, in other 
words, a new sequence of actions.  
Learning requires responses which can be motor, verbal or graphic. A DS child’s response is 
poor because of the limitations that they can possibly have. However, the possibility of 
expanding and determining certain responses will depend on environmental support. The 
more a demanding environment is offered, one that promotes autonomy and offers different 
possibilities of discoveries of their potential, the better DS child’s development will be. By 
recognizing the characteristics of the phenotype of people with DS, it is better to focus on 
proposed activities in areas of greater potential to be developed. Thus, an individual who 
notices that he/she can perform such tasks successfully will be more satisfied and motivated 
to face more challenging tasks. Education needs patience, dedication and consistency, and 
above all, professionals’ and parents’ love and affection. Everyone has abilities and 
difficulties, it is necessary to know them and learn how to deal with them (Silva & 
Kleinhans, 2006). 
Ciciliato et al. (2010) compared a group of children with DS and a group of children with 
typical development, 12 to 36 months old, to characterize the development of symbolic 
abilities present in those two groups. Among the results, it was possible to confirm the 
hypothesis of the delay in symbolic abilities for the group of DS children. But sonic and 
gestural imitation was not statistically different between the two groups. Children with DS 
in this study explored objects repeatedly through few actions and, using sensory motor 
activities with no organization of objects and imitating words and visible gestures of their 
own. 
Making first contact as proposed by children with regular development shows that they are 
open to new experiences and interactions in general, they try to make social contact by 
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themselves. Imitating their classmates for DS children shows that they look for new ways of 
acting and performing in their settings. DS children have a deficit of assertive social abilities, 
in other words, of those that depend on a stronger initiative and develop better passive 
social abilities, meaning those where the role of the environment is determinant (Anhão, 
2009). 

8. Final considerations 
The development of social interaction of DS children occurs in fairly similar ways to that of 
their peers with typical development, differing only in rhythm and in the way DS children 
try to sustain that relationship. Thus, it is important that some practical educational changes 
are made in order to achieve real inclusion of those students in regular educational setting, 
turning them into actions that will be beneficial for the maturity and growth of children 
with typical and non typical development.  
Establishing contact with the other and imitating another child’s behavior are important 
aspects for the development and establishment of abilities and social interactions, so, it is 
important to mention school environment as a facilitator that will promote a stronger 
contact of DS child with other children in the same age group, helping the development of 
social abilities of those children.  
Therefore, it is possible to highlight the importance of the inclusion of DS children in the 
regular educational system, favoring living with educators and peers, helping their 
acquisition of social abilities and necessary behaviors in society.  
This way, it is possible to see that the results show the importance of providing children 
with special educational needs with an inclusive educational system as early as possible as 
Stainback and Stainback (1999) have noted. All children with any kind of difficulty, 
regardless of physical, cognitive or emotional conditions, are children who have the same 
basic needs of affection, attention and protection, and the same desires and feelings as any 
other children. They are able to live together, interact, exchange, learn, play and be happy, 
although, sometimes in a different way. That different way of being and acting is what 
makes them unique and special. They must be seen not as a failure, but as people with 
different potential, with some difficulties that, many times become challenges from which 
we can learn and grow, as people and professionals who try to help their neighbor. With 
inclusion, we can make students with special educational needs be exposed to positive 
forms of communication and interaction, of assistance and of different social exchanges, to 
challenging learning conditions where they are required to think, solve problems, express 
feelings, desires and take initiatives.  
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1. Introduction 
Down syndrome (DS) is the most common chromosomal anomaly occurring in live births 
(Capone et al, 2004; Menkes & Falk, 2005) and it has been described as a syndrome-complex 
of genetic origin with protean neurobiological consequences, and several characteristic 
neurodevelopmental and neuropsychological manifestations. Down syndrome is also 
considered to be the most common single cause of mild, moderate and severe mental 
retardation (MR) with over half of individuals with DS attaining an IQ of between 50 and 25 
by the end of the first decade of life (Bittles & Glasson, 2004; Capone, 2004; Hanson, 2003; 
Menkes & Falk, 2005; Roubertoux & Kerdelhue, 2006; Van Cleve & Cohen, 2006; Vicari, 
2006). Individuals with Down syndrome experience a reduced life expectancy, but within 
the DS population, life expectancy is increasing.  
Clinically, individuals with Down syndrome have typical physical and anatomical 
characteristics (Van Cleve &, Cohen, 2006).  An issue of major medical importance is the 
participation and function on the health of individuals, communities and society. A 
holistic approach is now vital when assessing the individual, from body functions and IQ 
to learning abilities, attentional skills, daily  activities and participation defined by the ICF 
as ‘the execution of a task or action’ with involvement in a life situation (WHO, 2001). 
Despite these shifts, there is limited investigation into the activity performance, 
participation, learning and behavior of children with DS, as measured by their adaptive 
functioning. 
The cognitive limitations of individuals with Down syndrome have an important influence 
on the level of functioning attained and a significant correlation between IQ and all areas of 
function has been noted. Relatively preserved visual–spatial and visual–motor skills are 
often noted, yet the influence of these skills on the activity performance of the child with DS 
is unclear (Fiddler, et al 2005; Vicari  2006; Vicari & Carlesimo 2006).  
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The few existing studies investigating the holistic functional profile of children with DS 
have tended to be qualitative and investigated adult populations, even though all these 
children will display some form of intellectual disability requiring functional intervention. 
Few studies have measured specific skills appropriate to the wide range of abilities 
presented by children with Down syndrome or reported attainment levels for children in 
different age groups (Turner & Alborz 2003). There remains, therefore, a dearth of 
investigation into the functioning and participation of children with DS based on age-
appropriate, socially acceptable activities. Up-to-date information is needed to guide parents 
and professionals with regard to reasonable expectations. 
Attention deficit hyperactivity disorder (ADHD), characterized by symptoms of inattention, 
with or without impulsivity and hyperactivity, (Barkley, 1997; Biederman & Faraone, 2005 
DSM - fourth edition, 2000; Furman 2005) is estimated to affect between 6-12% of typically 
developing school age children worldwide (Biederman & Faraone, 2005). In typically 
developing populations, ADHD is more commonly diagnosed amongst boys than girls; 
(Bauermeister et al., 2007; Biederman et al., 2005; Biederman & Faraone, 2005; Furman, 2005; 
Stefanatos & Baron, 2007). In clinical samples, boys are six to ten times more likely to be 
referred and three to four times more likely to be diagnosed with ADHD (Biederman et al., 
2005; Stefanatos & Baron, 2007) while in non-referred samples, gender differences have been 
reported to be in the range of 1:1 to 1:3 (Biederman et al., 2005; Stefanatos & Baron, 2007). 
Children with Down syndrome, due to their  intellectual disabilities may have an increased 
risk for ADHD behaviors over and above that associated with their developmental delays, 
(Hastings et al, 2005) and clinically, attention function and hyperactive behaviors are 
commonly reported to be problem areas for children with DS (Brown et al., 2003). However, 
an investigation into the literature reveals a lack of information regarding the frequency and 
characteristics of these deficits in this population at different ages, (Määttä, et al, 2006) as 
well as no data on possible gender differences in these deficits. Children with DS are not 
exempt from having a dual-diagnosis with ADHD (Capone et al, 2006) and, indeed, the risk 
of “diagnostic overshadowing” (Reiss et al, 1982) is apparent in this population. Since 
attention deficits are not inherently incorporated into the phenotype of individuals with 
MR, (Burack et al, 2001) it is important to investigate the frequency and types of attention 
deficits/hyperactivity amongst children with DS.  
As it is now essential to adopt a holistic approach when assessing the individual especially 
the mentally retarded, ADHD being a  commonly reported deficit can not be overlooked 
when assessing children with DS. Accurate information regarding the frequency of a dual-
diagnosis such as ADHD amongst children with DS is important since the symptoms of this 
diagnosis are not inextricably linked with the cognitive impairment characteristic of DS and 
as such could potentially be treated under a medical model (Capone et al., 2006). The 
alleviation of attention deficit behaviors has the potential of improving the effectiveness of 
intervention for children with DS and, as a result, lead to improved function and quality of 
life.  
Despite the limited information available, (Brown et al., 2003; Hastings et al., 2005) it was 
hypothesized that children with DS would show attention deficit/hyperactive behaviors at 
a higher frequency than that noted in typically developing populations, and that these 
deficits would be more common amongst older children. In addition, (based on the fact that 
it was a non-referred sample), it was hypothesized that no gender differences in the 
frequency of these deficits would be found. Finally, it was assumed that the severity of 
attention deficit/hyperactive behaviors would be correlated with the child’s adaptive 
behavior and IQ. 



Adaptive and Behavioral Development in Children with Down Syndrome  
at School Age with Special Emphasis on Attention Deficit Hyperactivity Disorder (ADHD)   

 

19 

In our study we assessed the developmental profile of 60 children with Down syndrome 
between the ages of 6 and 16 years who had received a holistic early intervention program 
from birth until their entry into an appropriate educational framework. A focus was placed 
on investigating the frequency of attention deficit/hyperactive behaviors amongst these 
children and to assess whether it differs between sexes and whether it changes across age 
groups. The influence of the severity of attention deficit/hyperactive behaviors on adaptive 
behavior and their correlation with the child’s intelligence quotient (IQ) was investigated 
The relationship between body function variables and participation as well as the 
performance of specific school-related activities was also studied. 

2. Method 
2.1 Sample 
This study included 60 Hebrew-speaking children (33 males, 27 females) with Down 
syndrome, all of whom were treated at the Jerusalem Institute for Child and Family 
Development of the Israel Ministry of Health from birth until their entry into an appropriate 
special educational framework between the ages of 3 and 4 years. The children were 
between the ages of 5 years 10 months and 15 years 8 months (mean 9y 3mo; SD 28.8mo) at 
the time of testing. No child was receiving treatment at the Institute at the time of the study. 
The children were divided into the following three similarly sized age groups: youngest 
(n=20; 12 males, eight females; mean age 6y 11mo, SD 7.1mo; range 5y 10mo–7y 8mo); 
middle (n=21; nine males, 12 females; mean age 9y, SD 9.9mo; range 7y 9mo–10y) and oldest 
(n=19; 12 males seven females; mean age 12y 2mo, SD 20.3mo;  range 10y 2mo– 15y 8mo). 
These age groups were selected since it seems feasible to expect greater differences between 
groups of children between the ages of 6–8 (younger pre-teens) and 8–10 (older pre-teens) as 
compared to teenagers. 

2.2 Instruments 
Psycho-social intake questionnaire 
A non-standardized measure developed by the Jerusalem Institute for Child and Family 
Development for internal use, completed by caregiver interview. This questionnaire 
provided demographic information including gender, age and whether the child received 
medication for attention deficits (methylphenidate) at the time of testing or  in the past. 
ADHD Rating scale for parents and teachers (Pelham et al, 1992) 
Parents and teachers both completed the Parent-Teacher ADHD Rating Scale based on the 
DSM-III-R criteria (American Psychiatric Association, 1987) as described by Pelham et al. 
(1992). The questionnaire includes 14 items, for which the informant responds on a scale of 
0-3, resulting in a maximum score of 42. For each informant (parent and teacher) the total 
score was calculated, with higher scores indicating greater difficulties. A cut-off score above 
15 was used to suggest attention deficit and hyperactive behavior with scores of 21 and 
above suggestive of more pronounced difficulties.  
Vineland Adaptive Behavior Scales, interview edition (VABS) (Sparrow, et al, 1984) 
A 577-item norm-referenced and standardized parent/caregiver interview measuring 
personal and social skills and intended for use in populations from birth to 18 11/12 years. 
Standard scores are measured (in normative populations, M=100 and SD=15). Reliability has 
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been demonstrated using internal consistency (split half means for Domains .91 to .95; for 
Adaptive Behavior Composite .97). In the current study, composite scores were attained for 
three domains (communication skills, daily living skills and socialization skills). 
Stanford-Binet Intelligence Scale, fourth edition (SBIS)(Thorndike, et al, 1986) 
A reliable and valid measure developed to test cognitive ability in individuals from 2 years-
23 years, administered by a psychologist, provided an IQ score. In normative populations, 
the general score has a mean of 100 and SD of 16 while subtests have a mean of 50 and a SD 
of 8. The Brief IQ including the verbal reasoning, abstract/visual reasoning, quantitative 
reasoning and short-term memory scales were used in the current study. 

2.3 Procedure 
This study was performed as part of a larger study (Rihtman et al., 2009) and was approved 
by the ethics committee of the School of Occupational Therapy, Hebrew University 
Hadassah Medical School, Jerusalem. Letters were sent to the parents of all the children 
born with Down syndrome in the Jerusalem vicinity between 1988-1998 who were treated 
with a standard intervention protocol at the Jerusalem Institute for Child and Family 
Development of the Israel Ministry of Health (N=119). Eight children had passed away, 30 
children were not traced and 21 declined to participate, leaving the study group with 60 
children. Parents signed a consent form and all participants were invited to the Institute for 
a testing session. A written summary was sent to the parents of each participant.  

2.4 Statistical analysis 
A Type 1 error rate of 0.05 was used for all analyses. Statistical Package for Social Sciences 
13 (SPSS 13) for Windows was used for all calculations. Descriptive statistics were used to 
reveal the frequency of attention deficit/hyperactive behaviors. One-way ANOVA’s were 
performed to assess age-group differences and independent sample t-tests were performed 
to assess gender differences on parent and teacher reports of attention deficit/hyperactive 
behaviors. Chi square tests were used to assess age group and gender differences on 
medication for attention deficit/hyperactive behaviors. Independent sample t-tests were 
performed to assess parent and teacher report ADHD Rating Scale score group differences 
in adaptive behavior. Pearson coefficient correlations were calculated to assess the 
correlations between parent and teacher ADHD Rating Scale scores and adaptive behaviors. 
One-way MANOVA’s were employed to assess ADHD Rating Scale score group differences 
and the Stanford Binet subscales. Effect sizes were ascertained by means of Eta squared, 
which reflects the proportion of the total variance attributed to or accounted for by an effect, 
with 0.01 reflecting a small effect size, 0.06 reflecting a medium effect size and 0.14 reflecting 
a large effect size (Cohen 1988; Hays 1994). 

3. Results 
3.1 Frequency of attention deficit/hyperactive behaviors 
Reports of attention deficit/hyperactive behaviors were initially considered in individual 
settings (home or school). Based on parent report on the ADHD Rating Scale (Figure 1), for 
the total group, 28.8% attained scores of 16 and above, indicative of deficits, with 11.9% 
attaining scores of 21 and above, indicative of more pronounced deficits. Amongst boys, 
34.4% attained scores of 16 and above, while 15.6% attained scores of 21 and above. 
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Amongst girls, 22.2% attained scores of 16 and above, while 7.4% attained scores of 21 and 
above.  
Based on teacher's report on the ADHD Rating Scale (Figure 1), for the total group, 25.6% 
attained scores of 16 and above, with 9.3% attaining scores of 21 and above. Amongst boys, 
32.0% attained scores of 16 and above, while 8.0% attained scores of 21 and above. Amongst 
girls, 16.7% attained scores of 16 and above, while 11.1% attained scores of 21 and above.  
When the frequencies of attention deficit/hyperactive behaviors were considered based on 
parent and teacher reports combined (Figure 1), within the total group, 11.9% attained 
scores of 16 and above in two settings, with 4.8% attaining scores of 21 and above in both 
settings. Amongst boys, 12.5% attained scores of 16 and above in two settings, with none 
attaining scores of 21 and above. Amongst girls, none attained scores of 16 and above in two 
settings, but 10.5% attained scores of 21 and above. 
 

 
 

Fig. 1. ADHD Rating Scale Parent, Teacher and Combined Reports: Frequencies of attention 
deficit/hyperactive behaviors based on parent report, teacher report and parent and teacher 
report combined. 

The frequencies of whether the child had never been medicated for attention 
deficit/hyperactive behaviors, had been medicated in the past or was medicated at the time 
of the study, by gender, are presented in Table 1 In order to shed light on the frequency of 
children with Down syndrome who had ever had behaviors warranting medication for 
attention deficit/hyperactive behaviors, both the children who had been medicated in the 
past and those who were medicated at the time of the study (past/present) were included. 
Of the total study population, 11.7% had been medicated for attention deficit/hyperactive 
behaviors at some time (present/past). Amongst the boys, 15.2% had received medication at 
some time, as opposed to 7.4% of the girls.  
The frequency of medication use was also considered based on the severity of reported 
attention deficit/hyperactive behaviors for the total study sample. Based on parent report, 
9.52% of children with ADHD Rating Scale scores of 15 and below, were medicated at some 
time (past/present), while this was true for 30% of those who attained scores between 16 
and 20; none of the children with scores of 21 and above were medicated (past/present). Of 
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those children who attained ADHD Rating Scale scores of 15 and below based on teacher 
report, 12.5% were medicated or had been medicated at some time, while 14.3% of those 
who attained score between 16 and 20 were medicated (past/present). Again, none of the 
children with scores of 21 and above were medicated or had been medicated in the past 
(Table 1). 
 

  Boys 
N=33 

Girls 
N=27 

Total 
N=60 

Parent 
(N=59) 

Teacher 
(N=43) 

Never 
Medicated  28 

(84.8%) 
25 

(92.6%) 
53 

(88.3%) - - 

Medicated 
in Past  2 (6.1%) 1 (3.7%) 3 (5.0%) - - 

Medicated 
at Time of 

Study 
 3 (9.1%) 1 (3.7%) 4 (6.7%) - - 

Total 
Medicated 

at Some 
Time 

 5 
(15.2%) 2 (7.4%) 7 

(11.7%) - - 

ADHD 
Rating Scale 

Score 
Group 

<15 - - - 
N=42 

Medicated*=4 
(9.5%) 

N=32 
Medicated*=4 

(12.5%) 

16-
20 - - - 

N=10 
Medicated*=3 

(30%) 

N=7 
Medicated*=1 

(14.3%) 

>21 - - - 
N=7 

Medicated*=0 
(0%) 

N=4 
Medicated*=0 

(0%) 
*At the time of the study or in the past 

Table 1. Frequencies of medication use for attention deficit/hyperactive behaviors, by 
gender, and by severity of these behaviors based on parent and teacher report 

ANOVA’s performed to investigate age group differences in parent report total ADHD 
Rating Scale score (Table 2) revealed no group differences, however significant differences 
between age groups on the teacher's report of total ADHD Rating Scale score were found, 
with a large effect size (F(2,41)=3.84, p=0.030, η2=0.16). A Scheffe post-hoc analysis was 
performed to assess this result; the oldest group had a significantly higher score on the 
ADHD Rating Scale teacher report (M=13.63; SD=7.70) than the youngest group (M=6.79; 
SD=4.17; p=0.030) but the middle group had an intermediate score (M=10.89; SD=8.87) that 
did not differ significantly from the oldest or youngest groups. There were no significant 
gender differences on the ADHD rating scales between boys and girls. 
To analyze age-group differences in the need for medication for attention 
deficit/hyperactive behaviors, only those children who were medicated at the time of the 
study were included in the analysis (Table 1) as the inclusion of those who had been 
medicated in the past may have skewed the results. A chi2 test performed to assess  
age group differences in whether the child received medication for attention 
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deficit/hyperactivity behaviors at the time of the study revealed no group differences (χ2[2, 
N=60]=0.43, p=0.81, not significant).  
Independent sample t-tests performed to assess gender differences on parent report total 
ADHD Rating Scale score and teacher report total ADHD Rating Scale score, revealed no 
significant differences (Table 2). No gender differences in whether the child received 
medication for attention deficit/hyperactivity behaviors at the time of the study were 
revealed using a chi2 test  (χ2[1, N=60]=0.69, p=0.40, not significant).  
 

 Youngest
M(SD) 

Middle 
M(SD) 

Oldest 
M(SD) 

Boys Total 
Score 

M(SD) 

Girls Total 
Score M 

(SD) 
t df p 

Parent 
report 

n=20  
12.50(5.02)

n=18 
13.67(8.62)

n=21 
13.90(6.80) 14.22(5.03) 12.33(8.45) 1.06 57 0.29(NS) 

Teacher 
report 

n=15  
7.47(4.81) 

n=9 
10.89(8.87)

n=19 
13.63(7.70) 11.44(6.99) 10.17(8.21) 0.55 41 0.59(NS) 

Table 2. Average parent and teacher ADHD Rating Scale score by age group and 
independent sample t-tests to assess gender differences based on parent report and teacher 
report total ADHD Rating Scale score  

3.2 ADHD Rating scale score group differences in measures of adaptive behavior 
The results of independent sample t-tests performed to assess the differences between 
parent report ADHD Rating Scale score groups (15 and below; 16 and above) on the sub-
scores of the three Vineland Adaptive Behavior Scale (VABS) domains (communication 
skills, daily living skills and socialization skills) are presented in Table 3. A significant 
difference with a medium effect size was found on the daily living skills standard score 
(t[57]=2.03; p=0.047) and a significant difference with a medium-to-large effect size was 
found on the communication skills standard score (t[56]=2.58; p=0.013)..  
Independent sample t-tests performed to assess the differences between teacher report 
ADHD Rating Scale score groups (15 and below; 16 and above) on the sub-scores of the 
three VABS domains (communication skills, daily living skills and socialization skills) 
revealed no group differences (Table 3). Due to the discrepancy between parent and teacher 
report in terms of adaptive behavior, we applied Pearson Coefficient correlations between 
the parent and teacher ADHD Rating Scale total scores. Results yielded only moderate 
significant correlations (r=0.46; p=<0.01). 

3.3 Correlations between parent and teacher ADHD rating scale scores and adaptive 
behaviors 
Pearson Coefficient correlations between the VABS and parent report total ADHD Rating 
Scale score revealed significant moderate correlations for the communication skills standard 
score (r=-0.38) and the daily living skills standard score (r=-0.37) but not for the socialization 
skills standard score. Pearson Coefficient correlations between the VABS and teacher report 
total ADHD Rating Scale score revealed no significant correlations (Table 3).  
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Measure Informant Group Mean(SD) t-test η2 r CI 

Communicati
on Skills 
Standard 

Score 

Parent 
<15 54.02(11.64)

t[56]=2.58
p=0.013* 0.11 -0.38 

p=0.003* [-0.58]-[-0.13] 
>16 45.53(10.81)

Teacher 
<15 53.19(11.00)

t[40]=0.46
p=0.65 N/A -0.24 

p=0.131 [-0.50]-[0.07] 
>16 51.10(16.47)

Daily Living 
Skills 

Standard 
Score 

 

Parent 
<15 50.38(14.64)

t[57]=2.03
p=0.047* 0.07 -0.37 

p=0.004* [-0.57]-[-0.13] 
>16 41.71(15.50)

Teacher 
<15 51.06(15.14)

t[41]=1.09
p=0.28 N/A -0.25 

p=0.107 [-0.51]-[0.06] 
>16 44.91(18.80)

Socialization 
Skills 

Standard 
Score 

 

Parent 
<15 56.74(15.15)

t[52]=0.54
p=0.474 N/A -0.21 

p=0.124 [-0.45]-[-0.06] 
>16 53.81(8.76)

Teacher
 

<15 56.14(12.44)
t[37]=-0.53

p=0.60 N/A -0.04 
p=0.822 [-0.35]-[0.28] 

>16 59.00(20.91)

*Statistically significant,  P<,0.05; CI confidence interval 

Table 3. Independent sample t-tests between ADHD Rating Scale score groups (parent and 
teacher; 15 and below; 16 and above) and subscales of the Vineland Adaptive Behavior 
Scales and Pearson Coefficient correlations between total ADHD Rating Scale scores (parent 
and teacher) and the standard scores of the Vineland Adaptive Behavior Scales: 

3.4 IQ differences based on parent and teacher ADHD rating scale score groups 
The cognitive profile of the study sample has been previously reported (Rihtman et al., 
2009). In the current study, the IQ scores were compared between children identified as 
having attention deficit/hyperactive behaviors and those without. One-way MANOVA’s 
were employed to assess ADHD Rating Scale score group differences (<15; >16) in the four 
Stanford Binet subscales. Based on parent report, no significant group differences were 
found (Wilk’s Λ=0.91, F(4,50)=1.29, p=0.28, NS). Likewise, no significant group differences 
were found based on teacher report  (Wilk’s Λ=0.88, F(4,36)=1.26, p=0.30, NS).   

4. Discussion 
A high rate of Attention Deficit Disorder (ADHD) was previously observed by us in several 
groups  of children; among the offspring of mothers with pregestational diabetes (Ornoy et 
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al, 1998), among children born to mothers with gestational diabetes (Ornoy et al, 1999), as 
well as among offspring of heroin dependent mothers (Ornoy et al, 2001). These and other 
studies emphasize the importance of environmental factors to which the developing embryo 
and fetus were exposed in the etiology of ADHD. This is in addition to the well known 
genetic etiology of ADHD (Biederman et al., 2005; Biederman & Faraone, 2005; Furman, 
2005). In the present study we were interested to assess the possible impact of DS, where 
trisomy 21 induces changes in many different genes, on the rate of ADHD, using accepted 
assessment measures.  
In our previous study (Rithman et al, 2009) on the same group of children, we did not find 
any age related decline in the IQ scores of the children with DS. There was a significant 
correlation between IQ and different neurodevelpomental and adaptational measures 
(visual–motor integration and adaptive behavior) supporting previous findings implying 
that the IQ of children with Down syndrome is related to their success at implementing 
functional components and participating in specific activities. There was an age-related 
body function improvements and correlations between specific body functions and 
participation..  We also found sex differences on the short-term memory and motor function, 
with females performing better than males. However, functional sex differences on the 
specific VABS measures of copying, handwriting and free writing were not found. It was 
therefore of interest to see whether the occurrence of inattention is related to the IQ or to 
gender differences. 
As stated above, the goals of the current study were to investigate the frequency of attention 
deficit/hyperactive behaviors amongst children with Down syndrome between the ages of 6 
and 16, to assess age-group and gender differences in these behaviors and to analyze the 
relationship between the severity of these deficits and adaptive behavior and IQ. The 
findings have the potential of being both clinically significant as well as opening avenues for 
further investigation of the attentional function of children with DS.  
The investigation into the frequency of attention deficit/hyperactive behaviors in this 
population in different settings revealed that it may be prudent to consider these behaviors 
from a number of perspectives. While current diagnostic criteria require deficits in two 
settings to warrant a diagnosis of attention deficit hyperactivity disorder (ADHD) 
(American Psychiatric Association, 2000), the results from the investigation of these 
behaviors at home and at school, as well as an analysis of combined parent and teacher 
reports, suggest that amongst children with DS, these behaviors should be considered from 
both angles. When the reports of the parent or teacher ADHD Rating Scale were considered 
individually, the frequency of attention deficit/hyperactive behaviors amongst children 
with DS appeared to be more common than that found in typically developing populations. 
When behavioral reports from both the child’s home and educational environments were 
considered (as required to warrant a diagnosis of ADHD), reported deficits in the total 
study group were similar to that found in typically "normal" developing populations 
(~12%), with a similar frequency noted amongst children who had been medicated for these 
deficits at some time.  
It may be feasible to assume that children with DS with more severe attention 
deficit/hyperactive behaviors reveal these deficits in both the home and educational 
environments and are those children whose deficits are pronounced enough to warrant 
medical intervention. Moreover, it should be considered that two of those children 
medicated for attention deficit/hyperactive behaviors at the time of the study had parent 
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ADHD Rating Scale scores below 15 and three had teacher ADHD Rating Scale scores below 
15. Thus, even though these children were not included within the group of children 
demonstrating attention deficit/hyperactive behaviors, it is feasible to assume that they 
were medicated due to these behaviors and the medication was responsible for the lower 
scores on the ADHD Rating Scale; thus, the frequency of attention deficit/hyperactive 
behaviors is even higher than reported. This finding implies that, based on current 
diagnostic criteria, ADHD is apparently more prevalent amongst children with DS than 
amongst typically developing children (Biederman & Faraone, 2005).  
However, the diagnostic potential of individual parent or teacher report in this population 
should not be overlooked. Our findings of inconsistencies between parent and teacher 
reports reinforce the need to consider not only whether or not the child with DS has a 
diagnosis of ADHD according to diagnostic criteria, but also whether the attention 
deficit/hyperactive behaviors may be expressed differently in different environments 
amongst non-referred samples in this population. The findings of reported deficits in 
individual environments are important to consider amongst this population, particularly 
when considering our findings of correlations between attentional function and adaptive 
behavior. Indeed, in a genetic study, Gizer et al., (2008) recently found that, while the 
combination of mother and teacher reports yielded the strongest association for hyperactive-
impulsive symptoms, teacher reports alone were sufficient for identifying inattentive 
symptoms. This finding of a discrepancy on a genetic level reinforces the point that attention 
deficit/hyperactive behaviors can not be overlooked in individual settings, since there may 
be key differences in how parents and teachers rate attention deficit/hyperactive behaviors. 
Moreover, varying manifestations of this disorder (for example, hyperactive as opposed to 
inattentive symptoms) may be identified based on reports of different deficits in diverse 
environments, since different environments place different demands on children. As this 
deficit has an important impact on adaptive functioning amongst children with DS, this 
warrants consideration even if there are reports of deficits in one setting alone. 
In the current study, when reports of deficits in only one environment (school or home) 
were considered, it appeared that the frequency of these deficits may be more common 
(~27%) than that found in typically developing populations.. While this may not conform to 
a diagnosis of ADHD, this frequency warrants consideration, since these deficits appear to 
impact on the functioning of these children in important areas. Deficits in only one setting 
may reflect a less severe form of ADHD or an environment-specific form of ADHD which 
may be similar in its severity to non-referred samples. However, these frequencies suggest 
that more than a quarter of children with DS will show some form of attention 
deficit/hyperactive behaviors in at least one setting.  
The findings of relatively high percentages of medication use within the groups of children 
with scores below 15 on the ADHD Rating Scale, based on both parent and teacher report, 
and the lack of medication use within the groups of children scoring 21 and above on the 
ADHD Rating Scale may not be altogether surprising. It is likely that many of the medicated 
children attained lower scores due to their medication use, while those who attained 
extreme high scores did so since they were not medicated. Moreover, it is important to bear 
in mind that the use of medication for attention deficit/hyperactive behaviors is also 
dependent on parental opinion and preferences, the age of diagnosis of attention 
deficit/hyperactive behaviors and the opinions of the treating physician regarding the use 
of these medications in young children. Thus, those children with severe manifestations of 
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attention deficit/hyperactive behaviors may be un-medicated due to parental preference 
and not due to a lack of need. 
No age-group differences in the attentional profile of the cohort were found based on parent 
report, yet differences were found based on teacher's report, potentially due to different 
demands of the different environments which shift with age. The finding of age-group 
differences based on teacher report is particularly noteworthy, and may shed light on a 
potentially shifting attentional profile within the educational environment amongst children 
with DS with age, due to increased academic demands. While no age differences were noted 
between the youngest (younger pre-teen) and middle (older pre-teen) which is intermediate 
in its scores between the three groups, or middle and oldest (teenage) groups, the oldest 
group differed significantly from the youngest group and may suggest that attention 
deficit/hyperactive behaviors increase gradually as children with DS become teenagers.  
Since this was a non-referred sample, the investigation into gender differences seems to be 
of particular importance. The findings appear to conform to the opinion regarding non-
referred samples of typically developing children that gender differences are not as 
pronounced as in clinical samples. When both settings (i.e. parental and teacher's ADHD 
Rating Scale) were considered, the frequency of deficits was indeed in the realm of 1:1 
(12.5%:10.5%; boys to girls respectively). While the differences did not reach significance, it 
should be noted that boys appeared to be medicated more than girls (15.2% and 7.4% 
respectively), potentially due to the clinical manifestations of their difficulties. Likewise, 
when only one setting (home/school) was considered, boys appeared to have higher 
frequencies of reported difficulties (~33%) as opposed to girls (16.7% [teacher] -22.2% 
[home]) yet, again, these differences did not reach statistical significance. Once again, this 
reinforces the need to consider reports of attention deficit/hyperactive behaviors in both the 
education and home environment of the child with DS. 
The investigation of adaptive functioning in light of attention deficit/hyperactive behaviors 
amongst children with DS sheds light on a vital area of investigation for this population. It 
may not be surprising that no differences were found between children above and below the 
cutoff point for attention deficit/hyperactive behaviors on the socialization domain of the 
Vineland Adaptive Behavior Scales (VABS) in either the teacher or parent report as this is 
known to be an inherent area of strength for individuals with DS (Fidler et al 2006) and may 
therefore be less influenced by attention deficit/hyperactive behaviors. However, the 
finding of an association between attention deficit/hyperactive behaviors based on parent 
report and adaptive behaviors in the realms of daily living and communication skills, with 
greater impairments in attentional function leading to greater adaptive behavior 
impairments, has immense clinical significance. It would appear that skills in these realms 
are more based on learning and acquired behaviors and abilities than those required for 
successful social functioning which is a strength of this population, regardless of the lack of 
an association between IQ scores and attentional function in the current study since learning 
and attention are associated at every level of cognitive functioning. If this were the case, 
since intact attentional functioning is a major component of learning, (Posner et al, 2008) this 
association between impairments in attention and these elements of adaptive behavior is not 
surprising. It is, however, important to note as this association particularly reinforces the 
need to consider possible treatment of attention deficit/hyperactive behaviors in this 
population, even if these deficits are apparent only in one setting, since learning occurs both 
within the school environment and outside of it.  
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The lack of an association between adaptive behavior and attention deficit/hyperactive 
behaviors based on teacher report also raises a number of points to consider. This finding 
may reflect an important principle of current health paradigms, (World Health 
Organization, 2001) namely, that deficits in participation in different settings may not 
always result from deficits in body functions and structures. As such, a child with attention 
deficit/hyperactive behaviors in the classroom may not necessarily have participation 
deficits in their overall school functioning. An alternative explanation may be that, since the 
VABS was completed by parents while the ADHD Rating Scale was completed by teachers, 
the lack of an association between the VABS and the teachers ADHD Rating Scale may be 
due to informant differences. Indeed, only a moderate correlation between the parent and 
teacher report ADHD Rating Scale was found. In addition to the lack of congruence between 
parents and teachers with regard to the adaptive behavior of children with DS, Crystal et al 
(2001) stress that varying informant sources can produce significantly different descriptions 
of attention deficit/hyperactive behaviors. Different aspects of adaptive behavior may be 
stressed in different environments, and what may be considered to be adaptive behavior at 
home may not necessarily be perceived as such at school. It therefore seems prudent for 
future studies investigating the attention deficit/hyperactive profile of children with DS to 
assess adaptive behavior based on educator report as well.  
In our previous study on the same population we assessed the functional and behavioral 
profile of these 60 children with Down syndrome.  There were sex differences on the short-
term memory as well as motor function, with females performing better than males. It is not 
clear whether the developmental continuum differs between males and females, and our 
findings begin to shed light on such differences.  
We also found previously an association between IQ and measures of visual–motor 
integration and adaptive behavior. This supports previous findings  implying that the IQ of 
children with DS is related to their success at implementing functional components and 
participating in specific activities. This result is also important when considering reports 
that functional attainments earned in childhood seem to be maintained into adulthood in 
this population (Brown et al, 1990). Adults with Down syndrome who are the most 
accomplished in terms of independence in daily living and maintaining paid employment 
are those who participated in structured school experiences aimed at teaching them specific 
skills.  Yet reports of an IQ plateau or decrease beginning in early adulthood are common 
(wang, 1996). 
Children with Down syndrome who show improved performance on structured tests may 
be those with greater motivational levels and thus predisposed to greater adaptive 
functioning by virtue of having a greater tendency toward experience and learning. 
Alternatively, more successful adaptive functioning may occur in children with the physical 
foundation of better functional components. It is possible that these children are then the 
ones who are better able to participate successfully in functional activities. If this is true, it 
would lend empirical support for intervention that is directed at improving functional 
components while using these functions to create a bridge with actual participation in age-
appropriate activities. 
A number of limitations are evident in the present study. Foremost, the study sample was 
small and was not compared to a typically developing population. An interesting idea for 
further investigation would be to compare the adaptive functioning of children with ADHD 
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with and without DS. In addition, the use of the Parent-Teacher ADHD Rating Scale only 
provides limited information and future studies would benefit from using more extensive 
ADHD testing. Furthermore, the age group division could have been more homogenous 
with larger groups. Finally, the correlations performed in this study can not necessarily be 
considered to reveal a causal relationship between ADHD and adaptive behavior or IQ. 
While the findings begin to shed light on this area, further research should apply 
interventional studies which may provide a clearer picture regarding causal relationships 
between attention deficit/hyperactive behaviors and adaptive functioning of children with 
DS. 
An additional limitation of the study is the wide age range of the oldest group, as a result of 
the attempt to include all teenagers within the same group and to examine differences 
between younger (6–8y) and older (8–10y) pre-adolescent school-aged children. However, 
future studies should ensure improved homogeneity of age groups and should also attempt 
to attain objective measures of handwriting performance. Finally, this study applied a cross-
sectional study design that limits the interpretation of the developmental continuum of the 
child with Down syndrome. Further research should seek to apply longitudinal study 
designs. 

5. Conclusions 
Changing international health measures and intervention in children with developmental 
disorders also focuses in treating children with Down syndrome, with increased emphasis 
being placed on participation and on the acquisition of specific, functional skills and 
functional independence, all being vital element of their quality of life. Moreover, the fact 
that there is a high rate of ADHD among children with Down syndrome forces us to pay 
attention to that possibility in each child with trisomy 21 as proper medical or other 
treatment may help the child with Down syndrome to get better help. 
Our findings of continuous improvement in function with age, if such intervention has been 
provided, is further evidence supporting the need for pediatric DS intervention to 
encourage improved body functions while emphasizing the acquisition of functional skills 
that enable enhanced participation in age-appropriate activities. In addition, this study 
raises doubts as to whether or not children with DS do indeed reach a functional plateau 
and offers the possibility of changing our perception with regard to the functional and 
educational potential of children with trisomy 21. 
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1. Introduction 
In addition to the phenotype characteristics, the Down syndrome is accompanied by multi-
system pathological conditions. These conditions involve delays in basic motor skills, motor 
impairments and abnormalities in postural and gait control. A large body of literature has 
documented delays in basic motor skills, such as walking, reaching and grasping, in 
children with Down syndrome. Also their movements are slower and more variable. There 
has been debate in the literature over the real cause of atypical motor behaviors observed in 
individuals with DS. Possible explanations are related to cognitive limitations, 
biomechanical deficits, neurological disorder, abnormal sensorimotor integration, 
compromised somatosensory system or adaptive choice.  In this chapter, we will first 
discuss similarities in the control of movement, posture and balance between 
nonhandicapped individuals and those with DS, and then consider differences. Second, we 
will review the evidence that relates to whether individuals with DS have specific 
sensoriomotor deficits. Finally we will explore possible explanations for the cause of 
atypical postural behaviors observed in individuals with DS.  

2. General characteristics of individuals with Down syndrome 
Down syndrome (DS) is a chromosomal anomaly that leaves the individual affected with an 
additional chromosome (the21th). The syndrome is associated with approximately 1/800 
live births and is one of the leading causes of intelectual disabilities. Intelectual disability of 
some degree is invariably presente in individuals with DS, but, unusual for any major 
chromosomal disorder, levels of impairment vary greatly acroos individuals. Most of those 
with DS fall within the moderate to severe range of disability, but some show levels of 
cognitive abilities that are bordeline normal while others experience profound mental 
retardation (Roizen, 2002).  
In addition to the phenotype characteristics, the Down syndrome (DS) is accompanied by 
multi-system pathological conditions. The individual with DS faces numerous movement 
control challenges. These challenges involve delays in basic motor skills, motor impairments 
and abnormalities in postural and gait control. 
The literature has documented delays in basic motor skills, such as walking, reaching and 
grasping, in children with Down syndrome (Palisano et al., 2001). The complexity of this 
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developmental pattern is also exhibited in what is described as differences in the structure 
of cognitive and sensoriomotor functioning. That is, children with DS have been found to 
exhibit particular difficulties in certain areas (e.g., linguistic skills; visual scanning; ability to 
attend, to discriminate and encode complex stimuli) compared with their overall level of 
mental function.  
One of the most established findings is that children with DS are slower at both initiating 
and executing goal-directed movements compared to typically developing peers 
(Savelsbergh, et al., 2000). They also exhibit greater movement time advantages as the 
accuracy demands of the movement goal are increased (Hodges, et al., 1995). Commonly 
reported sensorimotor deficits exhibited by children with DS also include perceptual-motor 
slowness (Elliott & Bunn, 2004), limb control problems and decreased motor proficiency 
(Wuang, Lin, & Su, 2009). Also the motor items that required aspects of strength and balance 
(such as standing and walking) developed more slowly than other motor behaviors. 
In summary, researchers have found the normal sequencing of motor development in 
infants with DS, although the pattern of development is slower and the variability higher 
(Van Dujin et al., 2010). Much of this developmental delay continues to be attributed to 
isolated factors such as low muscle tone. Ulrich et al., (1997) explain this delay by perception 
difficulty of postural responses, which undermines the sense of movement and its 
consequences. Uyanik et al., (2003) suggest the sensory integration dysfunction as a result of 
limited sensory experience.  
Besides the development delay it is generally accepted that motor impairments are inevi-
tably present, to greater or lesser extents, in individuals with DS. Their movements are 
slower and more variable. Evidences of slowness and lack of smoothness has been observed 
even in simple elbow-flexion movements (Almeida, et al., 1997), as well as in multijoint 
pointing tasks (Aruin & Almeida, 1997). As point out by Anson (1992) in a review of DS and 
reaction time, differences in simple reaction time have varied from 25% to greater than 
300%. This slowness in reaction time can have two consequences. First, in all movements 
made in response to an external stimulus, the initiation of the movement is likely to be 
delayed and can therefore give the impression of slowness even if the actual movement 
itself is reasonably quick. Second, when individuals with DS are asked to perform sequences 
of movements, if each movement in the sequence is treated as a separate movement the 
sequence will be performed extremely slowly because of the increased reaction time to 
program each component movement. 

3. Postural control 
Also individuals with DS are characterized by instable postural control. They are unable to 
respond rapidly to changes in the environment (Haley1986). Typically they take longer to 
initiate and complete a motor task and have difficulty maintaining equilibrium (Galli et al. 
2007; Vuillerme et al. 2001). Ulrich et al., (2004) compared levels of stiffness and forcing in 
preadolescents with and without DS, analyzing gait patterns on a treadmill at different 
speeds and showing the same adaptation mechanism: all participants increased their 
stiffness and forcing. The difference between the two groups is explained by the authors in 
terms of diferente goals: people with DS actuated the adaptation as a compensatory 
strategy, in order to maintain stability and to overcome the ligament laxity and hypotonia 
that characterize DS, while the control group’s aim was to optimize metabolic efficiency. 
Kubo and Ulrich (2006) compared toddlers with DS, to control group and observed that 
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individuals with DS showed wider step widths but not a larger ML displacement. The 
authors explained this finding speculating that the increase in step width contributes to ML 
stability by creating a wider base of support, but toddlers with DS cannot allow their 
nascent walking system to rock from side to side more than minimally, without losing 
control.  
Although maintaining a bipedal position may appear to be simple, it requires integration of 
information arriving at the central nervous system (CNS) through the proprioceptive organs 
and senses, especially vision and the vestibular apparatus of the inner ear. In recent years, 
study of the behavior of the center of pressure (CoP) has emerged as a way of indirectly 
understanding the  neuromuscular control of equilibrium. The CoP is the point location of 
the vertical ground reaction force vector. It represents a weighted average of all the 
pressures over the surface of the area in contact with the ground. 
The analysis of the time and frequency domains of CoP data obtained from subjects on a 
strength platform has been used on several occasions to analyze healthy populations, as well 
as populations diagnosed with a pathology. Some studies on 
the equilibrium of individuals with DS performed using this method conclude that this 
population shows deficient motor control compared to individuals without DS. Adults with 
DS show significantly higher postural sway velocity than control subjects during a resting 
stance (Galli et al. 2007; Rigold et al 2011) and adopt different patterns of anticipatory 
postural adjustments (Aruin & Almeida 1997). Specifically they react using a generalized 
pattern of co-activation. 

3.1 Co-contraction 
The simultaneous activation of agonist and antagonist (co-contraction) muscles has also 
been described during quiet conditions (Gomes & Barela 2007), gait (Smith et al. 2007, 
Rigoldi et al. 2010) and balancing on seesaw (Carvalho & Almeida 2009). The seesaw has 
been used to study CNS response to external forces because it demands more from the 
control system and requires an essential change in mode of utilization of incoming 
proprioceptive information. According to (Ivanenko et al. 1997) healthy subjects primarily 
use proprioceptive cues for motion perception and postural control when they are 
supported by a stable surface. For these authors, vestibular information is used to determine 
the state of the support surface, and, if the support surface is unstable, vestibular 
information is used to aid balance control.  In a previous study we observed that 
neurologically normal individuals adopted an alternated EMG pattern between agonist and 
antagonist bursts of ankle muscles  and scaled their postural response with the increment of  
the seesaw`s degree of instability (Almeida et al. 2006). Specifically they kept balance by 
alternating the activation of tibialis anterior and the gastrocnemius medialis muscles. The 
activation of the gastrocnemius started before the ankle moved from dorsal into plantar 
flexion and remained until the time the ankle shifted again into dorsal flexion. The 
activation of the tibialis anterior started before the ankle shifted into dorsal flexion, and 
remained active until the ankle shifted again into plantar flexion (Figure 1). On the other 
hand, the individual with DS kept balance by a continuous and simultaneous activation of 
TA and GM muscles, despite the direction of the ankle movement being into dorsal or 
plantar flexion (Figure 1). They were able to keep their balance on the seesaw without falling 
but they did so by using a pattern of muscle activity characterized by a co-activation of the 
agonist and antagonist muscles while control group did so by using an alternated muscles 
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pattern. Also, contrary to control group the individuals with DS were not able to graduate 
the displacement magnitude of ankle joint with seesaw instability. The question is: why did 
they adopt unusual strategies to keep their balance on the seesaw? 
 

 
Fig. 1. Balance on a seesaw. Left panel are for control group subject and right for subject 
with DS. Positive values are for plantar flexion (PF) and gastrocnemius medialis (GM) 
activity and negative values for dorsal flexion (DF) and tibialis anterior activity.(Carvalho & 
Almeida 2009) 

4. Explanations of atypical postural behaviors 
There has been debate in the literature over the real cause of atypical postural behaviors 
observed in individuals with DS. Possible explanations are related to cognitive limitations 
(Latash & Anson 1996), neurological disorder (Moldrich et al. 2007), abnormal sensorimotor 
integration (Vuillerme et al. 2001), compromised somatosensory system (Brandt 1995) 
biomechanical deficits (Cioni et al. 1994) such difference in bone density, hypoplasia of 
cartilage, ligaments properties changes. These changes may affect the ability to generate 
joint torque and strength in isokinetic contractions. For Shields & Dodd (2004) the muscle 
weakness can also influence the ability to perform daily tasks such as equilibrium.  

4.1 Neurological disorders 
The brains of individuals with DS are smaller and lighter than those of normal individuals 
and exhibit a lower neuronal 
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density; they also show synaptic irregularities due to the reduction of neurotransmitters and 
anomalies in myelination processes. 
Favour to idea of neurological disorders are the studies investigating cerebral development 
have indicated that although persons with Down syndrome depend on their right hemi-
sphere for speech perception, their left hemisphere appears to play the executive role in 
speech production (Maraj et al., 2002). Of relevance to the motor behaviour domain, left 
hemisphere specialisation for speech production is associated with a general lateralised 
proficiency for specifying the magnitude and timing of muscular force. That is, persons with 
Down syndrome appear to perceive speech with their right cerebral hemisphere, but 
depend on their left cerebral hemisphere for the organisation and control of movement thus, 
exhibiting atypical patterns of brain organisation. 
In the motor domain, relating to visual and verbal-motor development, persons with Down 
syndrome have demonstrated relative proficiency on skills involving the visual 
demonstration of movement (Maraj et al., 2002). Several studies have shown that adults 
with Down syndrome exhibit more errors performing single manual oral gestures to a 
verbal command (e.g., “place your finger on your nose”) than following the visual 
demonstration of a task. Elliott, Gray and Weeks (1991) proposed that the functional 
isolation of the speech perception (right hemisphere) and movement production (left 
hemisphere) systems has led to a breakdown in communication between these systems, 
adversely affecting tasks that require verbal-motor behaviour. This proposal had been 
previously formalised into a model of cerebral specialisation. 
Subsequent research based on this model has indicated that individuals with Down 
syndrome experience difficulties in performing motor tasks based on verbal instruction. The 
model has been used in accounting for the information processing difficulties on the basis of 
verbal instruction. Further, there is some evidence to suggest that persons with Down 
syndrome may consolidate visual information such that positive transfer is seen when they 
are switched from a visual to verbal mode of learning. Although much work has been done 
on simple upper limb movements, real progress toward influencing broader health and 
education practices demands that we assess gross motor skills. Gross motor skills are an 
important component of many physical activities. Moreover, the acquisition of these types 
of motor skills can facilitate many other activities of daily living.  

4.2 Adaptive choice 
Other explanations are adaptive choice used in unexpected situations to enhance security 
and stability (Latash & Anson 1996). For these authors, while the movements produced by 
those with DS appear clumsy, they can be viewed as adaptive reactions due to changed 
priorities within the central nervous system. The central nervous system is able to generate 
solutions to provide movement outcomes accept to itself such as a wrong co-contraction 
pattern of pre-programed response to increase the stability. On the other hand, wrong 
reciprocal contraction pattern would increase the effects of perturbation. Interesting fact is 
that with the extensive practice of simple movements, these individuals are able to adopt a 
tri-phasic pattern of contraction, favoring the idea that the co-contraction is a choice made 
by the nervous system in view of its flexibility and adaptability. Although it is a 
mechanically sub-optimal choice, co-contraction offers more security and reflects insecurity 
of postural system to generate universal postural reactions. On the other hand, the high 
levels of co-contraction described above does not match with the characterization of lower 
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tone and low ability to generate force of teenagers with SD. Exists therefore an inconsistency 
between the clinical evaluation of tone in this population and the abovementioned findings 
remain the relationship between hypotonia and co-contraction little understood. For Webber 
et al., (2004) and Vuillerme et al., (2001) evaluation of tone about passive conditions can 
provide limited information about the strategies used by SNC. 
Among the explanations for the postural deficits found in individuals with DS, the favored 
explanatory hypothesis is that of a compromised sensorimotor system (Carvalho & Almeida 
2009). Moreover, children with DS often exhibit significant perceptual problems. Auditory 
problems, often in association with ophthalmologic disorders such as cataracts, strabismus, 
nystagmus, visual and tactual impairments have been reported. However sometimes the 
apparent visual-perceptual problems in children with DS are actually due to deficits in the 
ability to physically perform the required task. Only a small proportion of children with DS 
were able to perform successfully on tactual and kinesthetic discrimination tasks (e.g., to 
discriminate among objects by texture, size, and weight while blindfolded), although the 
inclusion of visual input improved tactual performance in these children. In sum, children 
with DS show both motor and perceptual impairments that may influence the development 
and learning of various fundamental and complex actions. These influences have been 
widely reported over the years, but unfortunately not many findings have addressed the 
functional coupling of information and movement such as coupling of information and 
postural control. 

4.3 Sensory contribution to postural control 
One of the most widely used experimental approaches for understanding the sensory 
contribution to postural control is the manipulation of sensory information during postural 
disturbance. Galvanic vestibular stimulation (GVS) can induce postural reactions that are 
useful in determining the influence of vestibular function on balance (Fitzpatrick & Day, 
2004). The vibration of muscle tendons is commonly used to determine the relative role of 
muscle proprioception in human posture control (Ruget, Blouin, Teasdale & Mouchnino, 
2008). A number of studies have demonstrated that tendon vibrations, which almost 
selectively activate the primary endings of muscle spindles and elicits a discharge in the fast-
conducting large-diameter Ia afferent fibers, can induce postural and orientation imbalance 
(Kavounoudias, Gilhodes & Roll, 1999). In order to better understand the sensory 
contribution to postural adjustments, we analyzed the effect of bipolar galvanic stimulation 
(GVS) and the vibration of Aquilles tendon on the pattern of muscle activity and joint 
displacements of individuals with DS.  
Experiencing GVS, individuals with DS lacked the ability to maintain balance. The lack of 
balance under the effect of GVS cannot be explained by a change in muscle strategy as the 
pattern of co-activation was not changed by GVS. The DS individuals were more sensitive 
than control subjects to GVS (Carvalho & Almeida 2011). If somatosensory loss due to 
chronic neuropathy (Brandt 1995) or vibration (Carvalho & Almeida 2009) increases the 
reliance on vestibular information for control of postural orientation and individuals with 
DS also increases the reliance on vestibular information (shown by increased responses to 
GVS), we would suggest that individuals with DS have somatosensory deficits, and because 
of this, they were not able to compensate for a deficit of vestibular information with 
somatosensory feedback. Consistent with these findings are the results with vibration. The 
vibration was more detrimental to the balance performance of control group compared with 
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group with DS. One possible reason is that vibration disrupted the somatosensory 
information of control group but not in individuals with DS already disrupted by some 
deficit. It is possible that their proprioceptive deficit may prevent them from detecting the 
vibration effects. Previous studies showed that postural sway in subjects with 
somatosensory loss was significantly larger than normal on a firm surface but not on the 
sway-referenced surfaced, suggesting that sway-referencing disrupts somatosensory 
information for postural control already disrupted by neuropathy (Horak et al 2002). 
Our findings support the hypothesis of somatosensory deficits defended by such authors as 
Cole, Abbs & Turner (1988) showing that individuals with DS  failed to modulate the grip 
force when were asked to lift one object with different surfaces and Brandt & Rosen (1995) 
showing low amplitudes for sensory nerve action potential following stimulation of the 
thumbs suggesting impaired peripherical somatosensory functions. Other possible 
explanation is a delay in central processing the afferent and efferent information at the 
cerebellum level because the cerebellum weight has been reported to be lower (Bellugi et al., 
1990). 
Despite the importance of knowledge of sensory changes, biomechanical and neurobiology 
for understanding motor deficits, characteristics such as environmental context, experience 
and practice have great influence over these deficits. The positive effects of the practice have 
been demonstrated. Repeated room mobile exposure of babies (illusory) led to a more 
coherent and stable coupling between visual information and the body oscillation (Polastri e 
Barela, 2005). Reduced stiffness over the trials during maintenance of static posture signaled 
the ability of adults to vary its stiffness with practice (Webber et al., 2004). Similarly Smith et 
al., (2007) observed the reduction of muscle stiffness values in tweens with SD after 
treadmill training, although the kinematic patterns adopted before and training have 
deferred of the control group patterns. According Tudela et al., (2011) the intervention 
should be started up to the 3rd month so that the infant can have adequate stimulus in 
different postures. If stimulation is started earlier, it can be a way of minimizing long 
periods necessary to improve a skill in the motor development required by the infants with 
Down syndrome, and thus facilitate motor acquisitions, mainly antigravitational postures. 
Overall, the motor control studies in individuals with DS indicate deficits in postural control 
mechanisms. The acquisition of this control is delayed and postural mechanism seems to be 
organized in order to maximize stability, adapting them to the slowness and poverty of the 
responses to environment changes. The functional consequence of this principle is the 
reduction of speed and coordination of movements that become clumsy. Although restricted 
in laboratory conditions to practice has influenced positively the postural control. We 
believe that this practice should be focus in the function and not in the correction of 
compensatory adjustments since the SNC can adopt numerous motor patterns to realize 
motor tasks successfully (normal variability). 

5. Conclusions 
The Down syndrome is a multimodal disability affecting several systems therefore it is very 
difficult to pinpoint specific organic dysfunction for motor problems in these individuals. 
However, taking into consideration the lack of balance under the effect of GVS together with 
the fact that somatosensory loss increases the reliance on vestibular information, we could 
suggest that the balance difficulties observed in DS individuals during GVS can reflect 
deficits in the proprioceptive system.  



  
Prenatal Diagnosis and Screening for Down Syndrome 

 

40

6. References 
Almeida GL, Corcos DM, Latash ML. Practice and transfer effects during fast single-joint 

elbow movements in individuals with Down syndrome. Physical Therapy 1994; 
74(11): 1000-1016. 

Aruin AS, Almeida GL. A. coactivation strategy in anticipatory postural adjustments in 
person with Down Syndrome. Motor Control 1997; 1: 178-191. 

Brandt BR, Rosen I, Impaired Peripheral Somatosensory Function in children with Down 
syndrome. Neuropediatrics 1995; 26: 310-312. 

Bellugi U, Jernigan TL, Anomalous brain morphology on magnetic resonance images in 
Williams syndrome and Down syndrome. Arch Neurol. 1990 May;47(5):529-33 

Carvalho RL, Almeida GL. The effect of galvanic vestibular stimulation on postural 
response of Down syndrome individuals on the seesaw. Res Dev Disabil. 2011 Mar 
17.  

Carvalho R.L., Almeida G.L. (2009) Assessment of postural adjustments in persons with 
intellectual disability during balance on the seesaw. J Intellect Disabil Res. 53(4), 389-
95.  

Cole K.J., Abbs J.H., Turner G.S. (1988) Deficits in the production of grip force in Down 
syndrome. Developmental Medicine and Child Neurology 30, 752-758. 

Elliott, D., & Bunn, L. (2004). Motor disorders in children with intellectual disabilities. In D. 
Dewey & D. E. Tupper (Eds.), Developmental motor disorders: A 
neuropsychological perspective (pp. 142–). New York: Guilford Publications. 

Elliott, D., Gray, S. & Weeks, D. J. (1991). Verbal cueing and motor skill acquisition for 
adults with Down syndrome. Adapted Physical Activity Quarterly, 8, 210-220. 

Fitzpatrick R.C., Day B.L. (2004) Probing the human vestibular system with galvanic 
stimulation. J Appl Physiol 96, 2301-2316. 

Galli M., Rigoldi C., Mainardi L., Tenore N., Onorati P., Albertini G. (2007) Postural control 
in patients with Down syndrome. Disabil Rehabil. 9, 1-5. 

Gomes MM, Barela JA. Postural control in down syndrome: the use of somatosensory and 
visual information to attenuate body sway. Motor Control 2007; 11(3): 224-34. 

Haley S.M. (1986) Postural reactions in infants with Down syndrome: Relationship to motor 
milestone development and age. Physical Therapy 66, 17-22. 

Hodges, N. J., Cunningham, S. J., Lyons, J., Kerr, T. L., & Elliott, D. (1995). Visual feedback 
processing and goal-directed movement in adults with Down syndrome. Adapted 
Physical Activity Quarterly, 12, 176–186. 

Horak FB, Dickstein R, Peterka RJ. Diabetic neuropathy and surface sway-referencing 
disrupt somatosensory information for postural stability in stance. Somatosens Mot 
Res. 2002;19(4):316-26. 

Kavounoudias A, Gilhodes JC, Roll R, Roll JP. From balance regulation to body orientation: 
two goals for muscle proprioceptive information processing? Exp Brain Res. 1999 
Jan;124(1):80-8. 

Kubo, M., & Ulrich, B. D. (2006). Early stage of walking: Development of control in 
mediolateral and anteroposterior directions. Journal of Motor Behavior, 38(3),229–237. 

Maraj, B.K.V., Robertson, S.D., Welsh, T.N., Weeks, D.J., Chua, R.C., Heath, M., Roy, E.A., 
Simon, D.A., Weinberg, H.A. & Elliott, D. (2002). Verbal-motor behaviour in 



 
Motor Behavior in Down Syndrome: Atypical Sensoriomotor Control 

 

41 

persons with Down syndrome. In M. Cuskelly, A. Jobling & S. Buckley (Eds) Down 
Syndrome Across the Lifespan. Pp. 175-193. London, England: Whurr Publishers 
Ltd 

Latash ML, Anson JG. What are normal movements in atypical populations? Behavioral and 
Brain Sciences 1996; 19: 55-68. 

Moldrich R.X., Dauphinot L., Laffaire J., Rossier J., Potier M.C. (2007) Down syndrome gene 
dosage imbalance on cerebellum development. Prog Neurobiol 82(2), 87-94. 

 Palisano RJ, Walter SD, Russell DJ, Rosenbaum PL, Gémus M, Galuppi BE, Cunningham L. 
Gross motor function of children with down syndrome: creation of motor growth 
curves. Arch Phys Med Rehabil 2001; 82(4): 494-500. 

Polastri PF, Barela JA. Perception-action coupling in infants with Down syndrome: Effects of 
experience and practice. Adapted Physical Activity Quarterly 2005; 22: 39-56.  

Rigoldi, C, Galli M, Mainardi L, Crivellini M, Albertini G. Postural control in children, 
teenagers and adults with Down syndrome Research in Developmental Disabilities 32 
(2011) 170–175 

Roizen, N. (2002). Down syndrome. In M. L. Batshaw (Ed.), Children with disabilities (5th 
ed.). Baltimore, ML: Paul H. Brookes. 

Ruget H, Blouin J, Teasdale N, Mouchnino L. Can prepared anticipatory postural 
adjustments be updated by proprioception? Neuroscience. 2008 Aug 26;155(3):640-8. 
Epub 2008 Jun 17. 

Savelsbergh, G., van der Kamp, J., Ledebt, A., & Planinsek, T. (2000). Information coupling 
in children with Down syndrome. In D. J. Weeks, R. Chua, & D. Elliott (Eds.), 
Perceptual-motor behavior in Down syndrome (pp. 251–275). Champaign, IL: 
Human Kinetics. 

Smith BA, Kubo M, Black DP, Holt KG, Ulrich BD. Effect of practice on a novel task-walking 
on a treadmill: preadolescents with and without Down syndrome. Phys Ther 2007; 
87(6): 766-77. 

Shields N, Dodd KA, systematic review on the effects of exercise programms designed to 
improve strength for people with Down syndrome. Phys Therapy Reviews 2004; 9: 
109-115 

Tudella,E.,etal. Description of the motor development of 3–12month old infants with Down 
syndrome: The influence of the postural body position. Research in Developmental 
Disabilities (2011), doi:10.1016/ j.ridd.2011.01.046  

Ulrich BD, Ulrich DA, Chapman DD. Sensitivity of infants with and without Down 
syndrome to produce treadmill steps. Phy Ther 1997; 75: 14-23. 

Ulrich, B. D., Haehl, V., Buzzi, U. H., Kubo, M., & Holt, K. G. (2004). Modelling dynamic 
resource utilization in populations with unique constraints: Preadolescents with 
and without Down syndrome. Human Movement Science, 23(2), 133–156. 

Uyanik M, Bumin G, Kayihan H. Comparison of different therapy approaches in children 
with Down syndrome. Pediatrics International 2003; 45: 68-73. 

Van Dujin Van Braeckel K, Butcher PR, Geuze RH Difference rather than delay in 
development of elementary visuomotor processes in children born preterm without 
cerebral palsy: a quasi-longitudinal study.Neuropsychology. 2010 Jan;24(1):90-100. 



  
Prenatal Diagnosis and Screening for Down Syndrome 

 

42

Vuillerme N, Marin L, Debu B. Assessment of Static Postural Control in teenagers with 
Down syndrome. Adapted Physical activity Quarterly 2001; 18: 417-431. 

Webber, A Babul V, Edwards R. Stiffness and postural stability in adults with Down 
syndrome. Exp Brain research  2004; 155: 450-458..  

Wuang, Y. P., Lin, Y. H., & Su, C. Y. (2009). Pasch analysis of the Bruininks–Oseretsy test of 
motor proficiency-second edition in intellectual disabilities. Research in 
Developmental Disabilities, 30, 1132–1144. 



Part 2 

Dentistry and Skeletal Features 



 



4 

Skeletal Age of Down Syndrome Individuals 
Mari Eli Leonelli de Moraes and Luiz Cesar de Moraes 

São Paulo State University - UNESP, School of Dentistry of São José dos Campos 
Brazil 

1. Introduction 
Down syndrome (DS) is a genetic disorder caused by the presence of all or part of an extra 
21st chromosome and the most likely cause is non-disjunction occurring during 
gametogenesis (meiosis). It was first described in 1866 by a British physician named John 
Langdon Down and it is also known as trisomy 21 and trisomy G. This syndrome is the 
most common congenital mental disability and affects individuals independent of social 
status or ethnic group. (Jensen et al., 1973; Coe et al., 1999; Oliveira, 2001) The incidence of 
Down syndrome ranges between 1 in 600 and 1 in 350 live births. (Mustacchi & Rozoni 1990, 
Moraes 2007c) There are around 184.000 people with DS in Brazil and over 5.8 million 
people in the world. 
The DS involves a set of signs that characterize a delay in the pre-natal and post-natal 
development, mental and general alterations with stature values observed to be generally 
below the normal standards. Regarding mental aspects, the average of intelligence quotient 
(IQ) in DS individuals are around 36.5. (Coelho & Loevy, 1982; Mustacchi & Rozone, 1990; 
Rey, 1991; Hayes & Batshaw, 1993; Moraes, 2002; Schwartzman, 2003; Barata & Branco, 2010)  
The general alterations involved slanting eyes, almond-shape, plica palpebronasalis 
(epicanthus), strabismus, myopia; flattening of the nose bridge, small, short nose with broad 
nasal bridge, pug nose; lop with flat or absent helix of the ears, auricles with a low 
implantation; wide and short neck with abundant skin; wide hands and short fingers; 
clinodactyly; brachydactyly; muscular hypotony and atlanto-axial instability (Ali 2006; 
Moraes, 2007c).  They also can present dove-like chest, small genitalia, alterations of motor 
coordination, obesity, short stature (Cohen & Winer, 1965) thyroid diseases.    Individuals 
with DS are more susceptible to leukemia and other types of malignant than the population 
at large. (Hill et al., 2003) 
The systemic alterations with special dental significance in DS patients are congenital 
cardiopathy, pneumonia, allergy, bronchitis, tonsillitis, convulsion and blood dyscrasia. 
(Mariano et al., 1999; Pilcher, 1998; Ribeiro et al., 2003) The degree of systemic problems 
varies from individual to individual. (Jara 1993) Some people may have all the alterations, 
while others may have only a few of the problems. (Nadel, 2003; Mustacchi & Rozone, 1990) 
The facial features of DS individuals include brachycephaly (condition where the head is 
disproportionately wide), hypotonic facial muscles, with a flat profile, normodivergent 
vertical pattern, lip incompetence, an ogival and deep hard palate, (Higa & Vargas-
Machuca, 2004), and Class II malocclusion (Cohen & Winer, 1965).  It is possible to observe 
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brachycephaly; small and underdeveloped maxilla; a fissured tongue with papillary 
hypertrophy and macroglossia, with an incidence of 11-60%. Labial fissures and angular 
cheilitis are some other common findings. (Aguiar et al., 2002)   
The teeth of these patients present complete mineralization, but with a great variation in the 
eruption pattern, although it maintains a certain similarity in the sequence and symmetry. 
(Pilcher, 1998) It has been reported (Alpöz & Eronat, 1997) that these individuals usually 
have late eruption of the deciduous and permanent teeth, although Jara et al. did not find 
any differences on the sequence of eruption in DS people. Delay was also found in the 
mineralization chronology development of the canines and second molars. (Santos, 2004) 
It is a universal finding in the literature that they have high prevalence of periodontal 
diseases and low prevalence of caries (Castilho & Marta, 2010). The higher prevalence of 
periodontal disease is probably related to the impaired host-response rather than to specific 
periodontal pathogens.  (Reuland & Bosma, 2001; Cavalcante, 2009) The low caries 
prevalence seems to be due to immune protection caused by the elevated salivary S.mutans 
specific IgA concentrations. (Lee et al., 2004, Murakami et al., 2008) 
Dental anomalies are very common, both in the primary and permanent teeth and in the 
patients with DS, dental anomalies occur with an incidence five times greater than in the 
normal population (Ingalls & Butler, 1953; Kumasaka et al., 1997). The most common dental 
associated with DS are variations in tooth number and morphology. (Seagriff-Curtin et al., 
2006) Tooth eruption may be delayed, may occur in an unusual order and can be 2 to 3 years 
behind a child’s normal eruption pattern. Over-retained primary teeth are also common. 
(Moraes, 2004) In the primary dentition, the most commonly absent teeth are lateral incisors, 
while in the permanent dentition, third molars, second premolars and lateral incisors, in this 
sequence, are the most frequently missing teeth. (Thompson 1976)  Desai, 1997, described 
the oral anomalies that may require medical consultation, but also emphasized that these 
patients are routinely managed in an office setting to treat cases of microdontia, hipoplasia, 
partial anodontia, taurodontism and others manifestations. According to Moraes et al., 
2007c, there was a high incidence of different types of dental anomalies, such as 
taurodontism (50%), anodontia (50%), conic teeth (8.3%) and impacted teeth (5.9%) and in 
most cases, the same individual presented more than one dental anomaly. 
It is noteworthy that the variations of the development parameter in relation to the skeletal 
and dental age were deemed normal. (Moraes et al., 1998; Moraes et al. 2007a, 2007b) The 
variation degree was evaluated in order to assess how different the skeletal age was 
difference in DS individuals when compared with non DS group. 
Only a few researchers have assessed the skeletal development of individuals with DS.  
Pozsonyi et al. (1964) and Sannomiya et al. (1998) observed a delay of skeletal development 
at the earlier years in relation to individuals without DS. They also observed that the process 
of skeletal maturation of individuals with DS was completed at around 15 years of 
chronological age. 
The aim of this research was evaluate skeletal age of DS individuals in order to verify if they 
are delayed or advanced when compared with control group of non DS individuals. 

2. Material and methods 
This research was authorized by the Local Ethical Committee under the protocol no. 
050/2005-PH/CEP. 
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Seventy-five hand and wrist films of DS individuals from the archive of the Discipline of 
Radiology at the School of Dentistry – São Paulo State University (UNESP) – São José dos 
Campos -SP, Brazil, were initially evaluated. The final study population comprised 40 hand 
and wrist radiographs of individuals with DS (19 males, 21 females). They had to fulfill the 
following inclusion criteria: (1) The subjects had to be between 6 and 16 years of 
chronological age; (2) Their radiographic films had to have high clarity and good contrast. 
Using the same inclusion criteria, 100 hand and wrist radiographs from individuals who did 
not have DS (50 males, 50 females) were selected from the same archives as a control group. 
All the hand and wrist radiographs were made with a Philips Oralix X-ray machine 
operating at 50 kVp and 5 mA, with an exposure time of 0.2 seconds Kodak T - MAT G/RA 
(Eastman Kodak Corp., São José dos Campos-SP, Brazil) 18-24 cm plain films were used in 
association with a cassette and Kodak Lanex Regular rare earth screens (Eastman Kodak 
Co., Rochester, NY). The films were processed in a Macrotec MX-2 automatic processor 
(Macrotec, São Paulo, Brazil) with Kodak GBX processing chemicals (Eastman Kodak Co., 
Rochester, NY). The processing time was four minutes. 
The sample was split into two groups: films from persons with DS and those without DS. 
The individuals of each group were divided into A and B subgroups according to their 
gender. Therefore, a total of four groups were created (Group 1A and Group 2A for females, 
Group 1B and Group 2B for males). 
To prevent any bias during the assessment of skeletal age, the identification tags of the 
radiographs were covered with dark paper and randomly numbered for later identification. 
The examiner was also blinded as to the different groups. The skeletal age of all subjects was 
determined by an experienced oral radiologist according to the method of Greulich & Pyle 
(1959). This method evaluates the individual’s ossification center of the hand and wrist 
(FIGURE 1), which is then compared to its pair in the atlas of skeletal development of the 
hand and the wrist. 
The authors’ suggestion was to begin the assessment of the skeletal maturation by 
comparing the patient’s hand and wrist film with the standard of same gender and nearest 
chronological age in the atlas. Then the operator compared the film with the adjacent 
standards, both older and younger than the one of nearest chronological age. The operator 
then selected the standard that was closest to the patient’s film for a more detailed 
comparison. The individual’s skeletal age was established by matching the majority of the 
ossification centers with those of a certain age in the atlas. 
The radiographic images were displayed in a darkened room over a light box and viewed 
with a dark mask to block excess light. Data were tabulated and submitted for statistical 
analysis. Simple linear regression analysis was used to compare the relationship between 
the skeletal age and the chronological age of each group of individuals.  
The difference between the chronological age (CA) and the skeletal age (SA) of each 
individual was calculated to establish whether the skeletal age was delayed or advanced in 
relation to the chronological age. The mean values of these differences for Group 1A were 
compared with those of Group 1B by means of Student’s t-test. The same comparison was 
made with Groups 2A and 2B. Student’s t-test was used to compare the mean values for the 
differences of the chronological age and the skeletal age of Group 1A and Group 2A, etc. 
These comparisons were made to evaluate whether the skeletal maturation would be the 
same among individuals of same population (Group 1A _ Group 1B and Group 2A _ Group 
2B) and among individuals of same gender but from different populations. 
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Fig. 1. (A)Anatomy of hand and wrist of bones used to evaluate Greulich & Pyle method 
(1959). (B) Sequence of ephyfises and diaphesis maturation. 

3. Results 
The sample of 40 individuals with DS included 21 females (52.5%), mean age of 11.12 ± 3.05 
years, and 19 males (47.5%), mean age of 12.43 ± 3.13 years. The control group comprised 
100 individuals who did not have DS, 50 females (50%), mean age of 11.26 ± 2.38 years, and 
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50 males (50%), mean age of 11.02 ± 2.40 years. The mean and the standard deviation of 
chronological age (CA), skeletal age (SA), and the difference between the CA and the SA in 
months are shown in Table 1. 
 

Group Chronological age Skeletal age Difference CA-SA 

 Mean SD Mean SD Mean SD 

1A Females with 
DS 

133.05 36.67 144.19 48.59 -11.14 20.40 

2A Females 135.16 28.63 131.16 34.18 4.00 10.14 

1B Males with DS 149.16 37.60 164.68 57.21 -15.53 23.90 

2B Males 132.28 28.91 126.36 29.40 5.92 12.53 

CA= Chronological age , SA= Skeletal age, SD= Standard-deviation, DS= Down 
syndrome 

Table 1. Mean and standard-deviation of the chronological age (CA), skeletal age (SA) and 
difference of CA and SA for each group (in months). 
The skeletal age (SA) of Groups 2A and 2B, individuals without DS was, on average, 4.0 and 
5.9 months delayed in relation to the chronological age (CA) (Table 1). However, the SA of 
Groups 1A and 1B, individuals with DS was, on average, 11.1 and 15.5 months advanced in 
relation to the CA.  
Student’s t-test results for comparisons of mean values for the differences of the SA and the 
CA between Groups 1 and 2 are shown in Table 2.  
 

 CA-SA (non-DS individuals x DS individuals) 

 t critical Stat t p-value* 

Female 2.06 3.23 < 0.05 

Male 2.07 3.72 < 0.05 

CA= Chronological age, SA= Skeletal age, SD= Standard-deviation, DS= Down 
syndrome, *<=0.05 

Table 2. The p-values for comparisons of the mean values of the differences between the CA 
and SA for Groups 1A and 2A and groups 1B and 2B. 

When the mean values of the CA and SA differences for Groups 1A and 2A were compared, 
significant statistical differences were found (p < 0.05). The same was detected for the 
comparison of Groups 1B and 2B (p < 0.05) (Table 2). Therefore, the subjects with DS had 
their SA advanced in relation to their CA, when compared to the subjects who did not have 
DS. 
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The t-test results were used to compare the SA and the CA differences between males and 
females. When the mean values of the differences of CA and SA for Groups 2A and 2B were 
compared, no significant statistical differences were detected (p > 0.54). The skeletal 
maturation of non-DS male and female individuals was also similar. In other words, they 
had, on average, a delayed SA in relation to their CA. No significant statistical differences 
between the mean values of the differences between SA and CA were found when Groups 
IA and 1B were compared (p = 0.40). Hence, the SA of individuals with DS, males and 
females, on average, was advanced in relation to the CA (Table 1).  
Figure 2 presents a chart with values of the differences between the CA and the SA for each 
subject in Group 1, and for each subject in Group 2. From the analysis of the results, we 
verified that there was a tendency of young individuals with DS (around 7 years of age) to 
have their SA delayed in relation to their CA. However, the SA of these individuals 
overtook their CA during adolescent maturation. At the age of 15, most individuals had 
their SA advanced in relation to their CA. Figures 3A, 3B, 3C, 3D show the examples of male 
and female at 7 years and at 15 years old, with different cases of delayed and advanced SA. 
 

 
Fig. 2. Charts representing the difference between CA and SA of each subject in each group. 
A: Group 1A; B: Group 1B; C: Group 2A; D: Group 2B. 
The linear regression analysis showed that the duration of skeletal maturation was shorter 
in individuals with DS when compared to those who did not have DS, as shown by the 
tendency lines (Figure 2A, C) and by the angular coefficients of the linear regression 
equations (Table 3).  During the early stages of skeletal maturation, the subjects with DS 
tended to have their SA delayed in relation to their CA. However, during the latter stages of 
skeletal maturation, these individuals tended to have an advanced SA in relation to their CA 
(Figure 2B, D). Still, a good correlation between SA and CA was observed in individuals 
with DS (R2 > 0.85) (Table 3). 
Figure 5 presents tendency charts (A,C) of the SA in relation to the CA, line charts of the SA, 
and the CA of each individual without DS (B,D), divided by gender. 
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Male - Delayed skeletal age (SA) at 6 years old. Chronological age (CA) 75 = months; 
Skeletal age (SA) = 54 months 

 
Female – Delayed skeletal age (AS) at 7 years old. Chronological age (CA) 87 = months; 
skeletal age (SA) = 60 months. 



  
Prenatal Diagnosis and Screening for Down Syndrome 

 

52

 
Male – Advanced skeletal age (SA) at 15 years old. Chronological age (CA) 188 months and 
skeletal age (SA) 228 months 

 
Female – Advanced skeletal age (SA) at 15 years old. Chronological age (CA) 191 months 
and skeletal age (SA) 204 months 

Fig. 3. Examples of skeletal age ( SA) evaluated by Greulich & Pyle method, around 7 years 
and at 15 years, for both, male and female. 
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Figure 4 presents the tendency charts (A,C) of the SA in relation to the CA, line charts of the 
SA, and the CA of each subject without DS (B,D), divided by gender. 
The SA tended to be similar to the CA in females who did not have DS, as shown in Figure 3 
(A,B) and by angular coefficient of the linear regression analysis (Table 3). We also observed 
a good correlation between the SA and the CA in these individuals (R2 = 0.927). 
Nevertheless, in males without DS there was a tendency for their SA to be delayed in 
relation to their CA, as shown in Figure 3 (C,D) and by the angular coefficient of the linear 
regression analysis (Table 3). A good correlation between the SA and the CA was found in 
males (R2 = 0.824), although this correlation was lower than the correlation between the SA 
and the CA for females. 
Figure 4 presents tendency charts (A,C) of the SA in relation to the CA, line charts of SA, 
and the CA of each subject with DS (B,D), divided by gender. 
 

 
Fig. 4. Group 1A (A, B) and Group 1B (C, D). A and B: Tendency chart representing the 
skeletal age versus the chronological age. C and D: Line chart of the skeletal age and the 
chronological age of each subject. 

4. Discussion 
It is known that DS is a result of a genetic anomaly that causes a number of local and 
systemic changes whose manifestations are expressed in various degrees. However, to what 
extent the condition alters the timing of growth and the duration of growth is a subject that 
needs further study. 



  
Prenatal Diagnosis and Screening for Down Syndrome 

 

54

In our study, we observed that the skeletal age (SA) of females without DS (Group 2A) and 
males without DS (Group 2B) was on average 4.0 and 4.92 months delayed in relation to the 
chronological age (CA) (Table 1). On the other hand, the SA of Groups 1A and 1B was on 
average 11.14 and 15.53 months advanced in relation to their CA (Table 1). 
When the mean values of the differences of CA and SA of Groups 1A and 2A were 
compared, statistically significant differences were found (p < 0.05) (Table 2). 
The same was detected for the comparison of Groups 1B and 2B (p < 0.05) (Table 2). 
Therefore, subjects with DS had their SA advanced in relation to their CA (Table 1) when 
compared to the control subjects.  
 

 
Fig. 5. Group 2A (A, B) and Group 2B (C, D). A and B: Tendency chart representing the 
skeletal age versus the chronological age. C and D: Line chart of the skeletal age and the 
chronological age of each subject. 

 

 Male Female 

 Equation R2 Equation R2 

Group 1 IO=1,45xIC-52,4* 0,92 IO=1,22xIC-18,54* 0,85 

Group 2 IO=0,92xIC+4,21* 0,82 IO=1,14xIC-24,25* 0,93 

*Y=ax+b, where y=SA; x=CA; a= angular coefficient; b= linear coefficient 

Table 3. Results of the linear regression tests for the comparisons between CA and SA in 
each group. 
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When the mean values of the differences of CA and SA of Groups 2A and 2B were 
compared, no significant differences were detected (p > 0.05). Therefore, the skeletal 
maturation of the control subjects (male and female) was similar, which means their SA was 
delayed in relation to their CA (Table 1). 
No statistically significant differences between the mean values of the differences between 
the SA and the CA were found when Groups 1A and 1B were compared (p > 0.05). 
Therefore, the SA of male and female subjects with DS was advanced in relation to their CA 
(Table 1). 
From the analysis of the results, we verified that there was a tendency for individuals with 
DS, at about 7 years of age, to have their SA delayed in relation to their CA. However, the 
SA of these individuals overtook their CA during adolescent maturation. At the age of 15 
years, most of these individuals had their SA advanced in relation to their CA (Figure 2). An 
evaluation of the linear regression analysis showed that the duration of skeletal maturation 
was shorter for individuals with DS when compared to the controls group(Figure 4A,C), 
and also from the angular coefficients of the linear regression equations (Table 3). A good 
correlation between the SA and the CA was observed for subjects with DS (R2 > 0.80) (Table 
3). Similar results have been reported by Pozsonyi et al. (1964) and statistically Sannomiya et 
al. (1998).  
In female individuals without DS, their SA tended to go along with their CA, as seen (Figure 
5A, B) in the angular coefficient of the linear regression analysis (Table 3). We also observed 
a good correlation between the SA and the CA of the control subjects (R2 >0.927). For male 
subjects, there was a tendency for their SA to be delayed in relation to their CA, as can be 
seen in the angular coefficient of the linear regression analysis (Table 3). They also had a 
good correlation between their SA and their CA (R2 > 0.824), although this correlation was 
lower than the correlation between the SA and the CA of the female subjects. 
Thus, contrary to what we expected, in this study the skeletal development of individuals 
with DS had a shorter period of skeletal maturation when compared to individuals who did 
not have DS.  
Although the SA was delayed in relation to the CA in young individuals with DS, there was 
a more pronounced period of growth, which caused the skeletal maturation of individuals 
with DS to be completed earlier. These results have also been reported by Pozsonyi et al. 
(1964) and Sannomiya et al. (1998). 
The results of our study are important if patients with DS need orthodontic treatment 
because the correct time for treatment of skeletal malocclusions depends on the skeletal 
maturation stage of the individual. Also, the outcome of some treatment modalities, such as 
palatal expansion for the correction of posterior cross-bites, can be affected by the stage of 
skeletal development of an individual. 

5. Conclusion 
Based on the results of this study, we concluded that the skeletal age (SA) of the individuals 
with DS was delayed in relation to the chronological age (CA) by the age of 7 years (SA < 
CA) when compared to those who did not have DS. However, at the age of 15 years, their 
skeletal age was advanced in relation to their chronological age (SA > CA). Therefore, we 
suggest that individuals with DS had a shorter period of skeletal adolescent development 
with early maturation when compared to the individuals without DS which end of skeletal 
maturation is usually around 18 years of age.  
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1. Introduction 
John Langdon Down (1866) first described the clinical entity of Down Syndrome (DS) at 
mid-nineteenth century and one century later, the DS primary cause due to trisomy 21 was 
reported (Lejeune et al., 1959). Until now, the etiology of Down syndrome remains 
unknown. DS is predominantly due to non-disjunction of chromosome 21; while 
translocation of an extra copy of the same chromosome accounted for a small proportion of 
the condition. A mosaic vary of the situation comes about when the extra chromosome 21 is 
present in some, but not all, cells of the affect individual.  
DS itself is not a disease, however affected individuals have greater risk in acquiring many 
systemic conditions. Persons with DS are susceptible to upper respiratory tract and chest 
infections. Approximately 50% have some forms of heart defect, usually ventricular septal 
defect, some may require antibiotic cover for invasive dental treatment. Alzheimer disease is 
a problem in later life of DS individuals. 
Down syndrome is characterized by central growth deficiency with delayed mental and 
physical development. All individuals with DS are mentally impaired to some degree, 
ranging from mild to severe.  
There is a unique combination of facial features in DS subjects, regardless of race or 
ethnicity. Persons with DS are often short with a short neck and underdeveloped or 
hypoplastic mid-face, with outer canthus of the eye higher than the inner giving rise to 
slant-eyes appearance. The palpebral fissure is narrow, and there is often a medial 
epicanthic fold. There may be speckling of the iris (Brushfield’s spots), cataracts, eye 
infections and bi- or uni-lateral strabismus. The mid-face hypoplasia often associates with 
poorly developed paranasal air sinuses, giving rise to a sloping forehead and a flat face. 
Class III malocclusion and relatively prognathic mandible are also common observations. 
DS is the commonest chromosomal abnormality in live-born infants (Bower et al., 2000). DS 
has been estimated to occur in approximately 1 in 732 infants in the United States (Sherman 
et al., 2007). In the United Kingdom, the overall prevalence of DS is 1.08 per 1000 live births 
from 1985-2004 and one-year survival of live births with DS increased, especially in babies 
with cardiovascular malformations, reaching almost 100% (Irving et al., 2008). Long-term 
survival is also improving, and the large majority of people with DS are now expected to 
live well into adult life, due to better living conditions, better health care and more 
sophisticated surgical techniques (Glasson et al. 2002). Health care workers, educationists 
and whoever involved are therefore required to keep up with the current knowledge and 
development of contemporary DS management strategies. 
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2. Oral features of Down syndrome individuals 
2.1 Soft tissues 
Common oral soft tissue manifestations of DS individuals include large and fissured tongue, 
cracked lips (Figure 1). The tongue in DS is large (macroglossia) relative to the size of the 
oral cavity. In fact, studies have shown that the tongue size of individuals with DS does not 
differ significantly from that of the general population (Ardran et al., 1972). It is the oral 
space, which is small (Guimaraes et al., 2008). There can be marked fissuring of the dorsum 
of the tongue, and because of poor muscular control, the tongue is often protruded. 
 

 
Fig. 1. Common oral soft tissue feature of Down Syndrome individuals. A. cracked lip; B. 
Large tongue relative to size of oral cavity. Subject also has microdontia or peg-shaped 
upper lateral incisors. 

Generalized orofacial muscles hypotonia e.g. orbicularis, zygomatic, masseter, and 
temporalis muscles, contributes to poor oral seal, poor suck, poor tongue control, and 
difficulties with jaw stability. The angle of the mouth is pulled down with elevated upper 
lip. The lower lip is thick, dry, fissured and everted (Desai, 1997). Persistent mouth opening 
due to the relatively large tongue in a reduced oral cavity may lead to mouth breathing, 
drooling, chapped lower lip, and angular cheilitis or infectious lesion at the corner of the 
mouth. The mucosal lining of the oral cavity is thin because of the reduction in salivary flow 
rate (Siqueira Jr. & Nicolau, 2002). Chaushu et al. (2002) also argued that drooling in DS 
individual was due to open mouth posture, protruded tongue and hypotonic orofacial 
muscle instead of hypersalivation, since they demonstrated a reduced stimulated parotid 
salivary flow rate. 
Tongue appears with bilateral, unilateral or isolated oval depression and is described as 
raised white scalloped border. This usually is caused by frictional movement against teeth, 
diastema, tongue thrusting, tongue sucking, clenching or enlarged tongue (Langlais et al., 2009). 
Geographic and fissured tongue is also seen in DS individuals (Laskaris, 2003). Fissured or 
scrotal tongue consists of various patterns, lengths and depths: single midline fissure, 
double fissures, or multiple fissures of the dorsal surface of the anterior two thirds of the 
tongue (Langlais et al., 2009). This condition is asymptomatic, however it may cause food 
impaction and subsequently halitosis. Increases in bifid uvula, submucous cleft and cleft 
palates have been reported in this population (Crespi, 1993). 

2.2 Midfacial complex and palate 
The development of whole craniofacial complex is retarded and the facial profile is 
relatively concave. The maxilla in DS individual is deficient in development and the 
mandible is of normal size or slightly hypoplastic (Boyd et al., 2004). The deficient 
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development in vertical height of the maxilla resulted in overclosure of the mandible and 
thus projected the lower arch forward relative to upper (Desai, 1997). 
DS patients displayed significantly higher frequency of shelf-like or "stair palate" (Skrinjarić 
et al., 2004). Westerman et al. (1975) compared 40 DS individuals with 44 control subjects 
and concluded that the palatal dimension were narrower in width, shorter in depth, and 
lower in height. In fact, the terms high arch and narrow palatal vault (Figure 2) were 
subjectively described and only partly correct. 
 

 
Fig. 2. Deficient maxillary development in Down Syndrome individual leading to narrow 
palatal vault. 

2.3 Malocclusion 
Malocclusion or improper meeting of the upper and lower teeth is common in DS 
individuals and there is a large deviation in occlusal relationship (Lowe 1990). The following 
factors play an important role in malocclusion: mouth breathing, improper chewing, 
evidence of bruxism, tooth agenesis, midline deviation in upper arch, anterior open bite, 
spacing of teeth, dysfunction of temporomandibular joint, delayed eruption and/or 
exfoliation of both deciduous and permanent dentition, characteristic tongue thrust, 
hypotonic ligamentary apparatus of temporomandibular joint, developmental disturbances 
of the mandible (platybasia) and maxilla (midfacial complex), and the jaw relationships 
(Borea et al., 1990). 

2.3.1 Malalignment 
Ondarza et al. (1995) analyzed 136 individuals with DS and compared them with mentally 
impaired individuals and normal Chilean individuals. They showed a higher frequency of 
malalignments in both the primary and permanent dentition compared with the other 
groups. The most frequently involved teeth were central incisors, lateral incisors and 
canines. Anterior and posterior crowding was also often seen in DS individuals (Reuland-
Bosma & van Dijk, 1986). Crowding is frequent, especially in maxilla, due to 
underdevelopment (Figure 3A & B). 
Increased in prevalence of canine impaction (15%), and upper canine and first premolar 
transposition (15%) were also found in DS individuals (Figure 3C & D), which was a 
phenomenon that could only be explained by genetic anomaly (Shapira et al., 2000). 

2.3.2 Jaw relationships 
Angle Class III malocclusion was present in two thirds of DS individuals (Boyd et al., 2004).  
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Fig. 3. Malalignment and tooth impaction in Down Syndrome subjects. A. Malaligned mixed 
dentition; B. Malaligned permanent dentition; C. Impacted lower right first premolar 
(arrow). Subject also has missing lower left lateral incisor; D. Transpositioned upper left 
canine and first premolar (box and arrow). 

The higher incidence of Class III malocclusion is due to underdevelopment of the midface 
and not to prognathism. Approximately 69% of them had mandibular overjet. Other 
findings were anterior open bite, posterior crossbite, anterior crossbite, mesial molar 
occlusion, sagittal malocclusion (Desai, 1997) (Figure 4). Vigild (1985) recorded in 37 DS 
cases with 41% mandibular overjet, 54% mesial molar occlusion, 38% open bite and 65% 
crossbite. 
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Fig. 4. Common jaw relationships of Down Syndrome subjects. A. Angle Class III 
malocclusion with posterior cross bite. Also note subject has enamel hypoplasia; B. Angle 
Class III malocclusion with anterior open bite. 

2.4 Hard tissues 
Dental features associated with DS individuals include: microdontia of permanent dentition, 
altered crown morphology and shape, short root, enamel hypoplasia and hypocalcification, 
thinner enamel and dentine in the permanent dentition, taurodontism, hypodontia and 
supernumerary teeth, asymmetry and delayed eruption (Desai, 1997) (Figures 1B, 3C, 4A, 
5A & 5B). 

2.4.1 Microdontia 
DS individuals presented with true generalized microdontia in permanent dentition (Lowe, 
1990), but in primary dentition, this is less well documented (Bell et al., 2001, Kieser et al., 
2003). Clinical crowns are frequently conical, short, and small (Townsend 1983, 1987). 
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Fig. 5. Dental hard tissue anomalies of Down Syndrome subjects. A. Microdontia or peg-
shaped right lateral incisor; B. Short rooted lower right molars. Also note subject has 
radiographic sign of bone loss around teeth indicating periodontitis; C. Retained primary or 
deciduous upper canines (arrows) or lower left second primary molar (radiograph, arrow). 
Please note the corresponding permanent successors in both cases are missing.  

Bell et al. (2001) examined the lower incisors dimension of individuals with DS and found 
that reduced permanent crown size was associated with a reduction in both enamel and 
dentine thickness and enamel was actually significantly more reduced. Desai (1997) 
reported that all teeth except the upper first molars and lower incisors were reduced in size, 
with complete root formation. Peg-shaped lateral incisors (Cheng et al., 2007), shovel 
incisors and slender canines were frequently seen (Scully, 1976).  

2.4.2 Hypodontia 
Dental agenesis is a common characteristic in DS individuals, ranges from 30-53%, and the 
teeth most frequently absent in them are also most often absent in normal population 
(Kieser et al., 2003).  
Both Japanese (Kumasaka et al., 1997) and Brazilian studies (Acerbi et al., 2001), found 60-
63% of DS individuals had one or more missing teeth. In a detailed study, Russell and Kjaer 
(1995) studied 100 DS individuals and compared with Danish normal population. Missing 
teeth had a 10 times greater frequency in DS individuals than in general population and a 
higher frequency in males than in females. Agenesis occurred more frequently in the 
mandible than in the maxilla and most often on the left side. The most frequent absent teeth 
were lower incisors, followed by upper second premolars, upper lateral incisors, lower 
second premolars, upper second molars, lower central incisors and canines. As from an 
earlier U.S. study (Orner, 1971), the author reported that 53% out of 212 DS individuals had 
missing permanent teeth. The descending frequency of missing teeth were the upper lateral 
incisors (31%) followed by the lower second premolars (26%), upper second premolars 
(18%), lower lateral incisors (12%), and lower central incisors (7%). 
Due to missing permanent successor, the corresponding primary tooth did not resorb or 
resorbed so slowly that it could be retained well into adulthood (Figure 5C). 
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2.4.3 Abnormal crown and root morphology 
Enamel hypoplasia and hypocalcification, affecting both primary and permanent dentitions, 
are relatively common in DS children (Figure 4A). Severity of tooth wear was significantly 
greater in DS children when compared to unaffected children, with DS children displaying a 
multifactorial aetiology of tooth wear, including attrition and erosion (Bell et al., 2002). 
Except for mandibular first premolar, crown and root lengths of permanent teeth are shorter 
than normal (Kelsen et al., 1999). Taurodontism is frequent finding in persons with DS (Rajić 
& Mestrović, 1998). Taurodontism together with abnormally short root would reduce extent 
of periodontal attachment and result in tooth mobility commonly seen in these persons 
(Figure 5B). 

2.4.4 Eruption of primary dentition 
Primary dentition in DS individuals usually developed late and subsequently delayed the 
eruption, particularly upper and lower anterior teeth and first molars. Ondarza et al. (1997) 
compared 255 Chilean DS individuals against normal population and showed that central 
incisors, lateral incisors and canines’ eruption were delayed significantly. However, they 
reported the chronologic age of primary tooth eruption within DS individuals was not 
significantly different. 
As usual, central incisors erupted first, and second molars usually last, but in between there 
was a great deal of variation in the sequence of eruption. The first eruption was usually at 
the age of 12 to 14 months but could be delayed up to 24 months and taking up to 4 to 5 
years of age to complete (Desai, 1997). 

2.4.5 Eruption of the permanent dentition 
Eruption of permanent dentition is also delayed in DS individuals. 240 Chilean DS individuals 
were studied (Jara et al., 1993). They had altered eruption sequence but the authors argued 
that this was not necessarily a consequence of alterations in the time of eruption. Six year old 
molars and lower incisors could erupt until the age of 8 to 9 years (Desai 1997).  
A New Zealand nationwide survey on DS individuals’ oral condition was carried out by 
Cutress (1971a & 1971b). The author found that the chronologic sequence of eruption in DS 
individuals was similar to the normal population. The least affected teeth were upper and 
lower first molars and central and lateral incisors. Asymmetries between left and right side 
mainly affected the canines and premolars. Children with DS maintained a certain similarity 
in eruption sequence and symmetry compared with normal children. 

3. Oral diseases of Down syndrome individuals 
3.1 Dental caries 
Low prevalence of dental caries or tooth decay in both primary and permanent dentitions of 
DS individuals has been widely reported (Cutress, 1971a; Orner, 1975; Barnett et al., 1986; 
Vigild, 1986; Ulseth et al., 1991; Gabre et al., 2001; Bradley & McAlister, 2004; Cheng et al., 
2007; Dellavia et al., 2009; Davidovich et al., 2010).Cutress (1971a) examined 416 DS subjects 
and found lower prevalence of dental caries than normal population, but after adjusting the 
age of teeth eruption, there were only small and no significant difference between 2 groups. 
Later in another study (Orner, 1975), when dental caries experience was compared between 
DS individuals and their siblings, it was found that DS individuals experienced less than 
one third caries than their unaffected siblings. Similarly, a study by Barnett et al. (1986) in 
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New Jersey, USA, reported that DS individuals had lower caries prevalence when compared 
with age matched mentally disabled subjects. 
Vigild (1986) reported that DS individuals had less carious lesions but also fewer permanent 
teeth than those mentally retarded individuals. However, when data was analyzed on the 
basis of tooth numbers and not on tooth surfaces, the author concluded that individuals 
with DS were also susceptible to caries. 
Ulseth et al. (1991) had also found that while the caries prevalence of adults with DS was 
lower than Norwegian general population, it was similar to that of people with other 
disabilities. Comparing with subjects of similar mental status, Bradley and McAlister (2004) 
reported that among the 71 Irish children with DS, higher prevalence of caries free children 
was observed than children in special needs or mainstream schools. DS individuals who 
were caries free had significantly lower Streptococcus mutans counts (Shapira et al., 1991) and 
elevated salivary Streptococcus mutans specific IgA concentrations (Lee et al., 2004). 
The low caries prevalence had been postulated to be related to delayed eruption, reduced 
time of exposure to a cariogenic environment, congenitally missing teeth, higher salivary pH 
and bicarbonate levels, microdontia, spaced dentition, and shallow fissures of the teeth 
(Desai, 1997; Boyd et al., 2004). Recently, it has been shown that a different salivary 
environment of electrolytes and pH is manifested in DS children, leading to the lower 
reported caries rate (Davidovich et al., 2010) 

3.2 Periodontal disease 
DS individuals usually present with poor oral hygiene and manifested as marginal gingival 
inflammation, acute and subacute necrotizing gingivitis, advanced chronic periodontitis, 
loss of attachment in form of gingival recession and increased pocket depth, alveolar bone 
loss, suppuration or even abscesses, furcation involvement in the molars, increased tooth 
mobility, and even loss of teeth (Shaw & Saxby, 1986) (Figures 5B & 6). 
DS individuals had a prevalence of 60 to 90% percent and increased severity of periodontal 
disease compared with normal age-matched controls and subjects with other mental 
disabilities of similar age (Cutress, 1971b; Orner, 1976; Barnett et al., 1986; Reuland-Bosma & 
van Dijk, 1986;, Modeer et al., 1990; Shapira et al., 1991; Ulseth et al., 1991; Desai, 1997; Gabre 
et al., 2001; Lopez-Perez et al., 2002; Sakellari et al., 2005; Cheng et al., 2007; Khocht et al., 
2010). Obviously the severity of periodontal disease among DS individuals is milder in 
recent years’ reports as better dental care have been employed to take care of them early in 
their life. 
Lopez-Perez et al. (2002) examined 32 DS individuals and age-matched controls and found 
that there were greater extent of gingivitis and periodontitis in DS group. When comparing 
with subjects affected by other learning disabilities of similar age distribution, DS 
individuals exhibited earlier, rapid and generalized periodontal destruction (Saxen et al., 
1977; Barnett et al., 1986). In Finland, Saxen et al. (1977) compared panoramic radiographs of 
DS individuals versus age-matched control and reported that 84% of DS adults showed 
advanced bone loss of 2.5mm or more as compared with only 27% in the controls. Barnett et 
al. (1986) examined 30 DS individuals and 30 similar mental status individuals and reported 
that bone loss was found in 60% of sites of DS individuals versus 9.3% of sites in controls.  
Sakellari et al. (2005) investigated the severity of periodontal disease in DS individuals and 
compared the group with healthy individuals or cerebral palsy patients. They reported that 
periodontal inflammation and treatment needs were significantly higher in DS individuals. 
Shaw and Saxby (1986) showed that DS individuals had periodontal bone loss pattern 
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similar to that of juvenile periodontitis. Lower incisors were reported exhibiting early signs 
of alveolar bone loss in approximately 35% of DS adolescents (Modeer et al., 1990; Barr-
Agholme et al., 1992).  
 

 
Fig. 6. Periodontal disease in Down Syndrome subject. A. Gingival inflammation in lower 
dental arch, mixed dentition. Subject also has congenital missing upper lateral incisors and 
all lower incisors; B. Periodontitis in permanent dentition of an adult DS individual. 

There is only one longitudinal study to record the development of periodontal disease in DS 
adults. After 7 years observation, Agholme et al. (1999) found the prevalence of bone loss 
increased from 35% to 74% among 33 DS individuals. The severity and progression of the 
disease, however, was not as rapid as reported in the literature. 
Bradley and McAlister (2004) suggested that majority of DS children had poor oral hygiene, 
but they could not demonstrate the children had earlier onset periodontal disease. At the 
same time, there was only moderate relationship between dental plaque and periodontal 
disease severity in DS individuals (Lopez-Perez et al., 2002). Thus, rapid and severe 
periodontal destruction in those DS individual affected could not be explained by poor oral 
hygiene alone (Reuland-Bosma & van Dijk, 1986). 

4. Management principles for oral diseases in Down syndrome individuals  
There are quite a number of distinguished developmental or behavioral features and 
systemic manifestations associated with DS individuals which could affect oral diseases 
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management. The followings are brief summary regarding how aspects of such features can 
affect oral health. 

4.1 Development, behavior, mental status, cognitive and early aging  
Persons with DS certainly have learning disability. Despite the homogeneity of low IQ and 
delayed mental development, DS individuals have different characters. DS children develop 
to a plateau in their adolescence which attain overall learning abilities equivalent to 
unaffected children aged 6 to 8 years. Knowing that oral hygiene of 6-year-old are not as 
good as 8-12 year-old children (Sandström et al., 2011), the anticipated oral hygiene of DS 
subjects would not be ideal if no special extra attention is given. Moderate to mild mental 
retarded individuals are on the other hand, mobile, function and perform well and highly 
motivated in sheltered workshop (Crespi, 1993). Common characteristics observed in young 
DS individuals have been described as quiet, passive, natural spontaneity, genuine warmth, 
penetrating calamity in relating to other people, fond of music, gentleness, patience and 
tolerance, complete honesty (Desai, 1997). All these together make supervised group oral 
hygiene approach possible (Shyama et al., 2003). Approximately 30% of the individuals with 
DS are affected by dementia (Kieser et al., 2003) when they get older. Although the degree of 
intellectual disability affects the efficacy of supragingival or above the gum line plaque 
control, sustaining individuals with DS motivation by supervised toothbrushing and systematic 
oral health care education could achieve good oral hygiene levels (Shyama et al., 2003). 

4.2 Systemic anomalies 
Medical problems associated with DS have been well noted. In Hong Kong, high prevalence 
of medical problems was detected in children and teenagers with DS. Among 407 DS 
individuals, cardiovascular problems were observed in 53%, endocrine problems in 27%, 
gastrointestinal problems in 11%, haematological problems in 4%, neurological problems in 
7%, sleep problems in 9%, skeletal problems in 14%, visual problems in 48% and auditory 
problems in 34% (Yam et al. 2008). Children with DS have a 10- to 20-fold higher risk of 
developing leukemia (Lange, 2000). Dental treatment plans for DS subjects therefore need to 
be formulated upon careful and thorough medical history and appropriate precautionary 
measures incorporated. 

4.3 Cardiac anomalies 
Many DS individuals have multiple congenital cardiac defects. The most common are 
atrioventricular septal defects, following ventricular septal defects, atrial septal defect, 
patent ductus arteriosus and tetralogy of Fallot (Freeman et al. 1998). There is also an 
increased incidence of mitral valve disorders which include mitral valve prolapse, mitral 
insufficiency, deformed mitral valve, and mitral valve absence (van Dyke et al., 1990). The 
need of antibiotic prophylaxis should be assessed and followed. Severe form of such cardiac 
complications may associate with increased risk in infection of the myocardium or increased 
general anesthesia complications. All these can potentially hinder oral health providers in 
smoothly deliver primary oral health care.  

4.4 Atlantoaxial instability 
Approximately 13% of DS individuals (Cohen, 1998) have excess movement of the joint 
between C1 and C2. The presence of 5mm or more space between the posterior aspect of 
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anterior arch of the atlas and the odontoid process is considered atlantoaxial instability and 
is at a higher risk of spine translocation. Neck of DS individuals during dental treatment 
should be maintained in a relaxed position in order to avoid that from occurring. 

4.5 Nervous system anomalies 
DS boys develop gross motor skills better than fine motor skills (Hoffman et al., 1990). 
Although development of motor function is usually delayed and has restricted coordination, 
coordination improves with age (Desai, 1997). Daily dental care or plaque control may be a 
difficult task for DS subjects which predisposing them to periodontal disease. 

4.6 Obstructive sleep apnea 
Obstructive sleep apnea (OSA) is common and occurs in 50% of children with DS (Mitchell 
et al., 2003; Shott et al., 2006). Patients with DS have many predisposing factors for OSA, 
including glossoptosis, hypopharyngeal collapse, recurrent and enlarged adenoid tonsils, 
enlarged lingual tonsils and relative macroglossia (Donnelly et al., 2004). Dentist plays an 
important role in recognizing and treatment of sleep-disordered breathing. If left untreated, 
OSA can further developmental delay, lead to pulmonary hypotension and congestive heart 
failure. The most effective oral appliances for patients with DS are mandibular advancement 
devices that fit both the maxillary and mandibular teeth, similar to an orthodontic retainer 
or athletic mouthguard (Waldman et al., 2009). 

4.7 Orofacial dysfunction 
Orofacial dysfunction in children with DS is related to mouth breathing, muscle hypotonia 
and discrepancy between alveolar arches (Faulks et al., 2008a). Early appliance therapy 
using Castillo-Morales plate had been promising in stimulating the lips and tongue and 
improving oromotor function (Carlstedt et al., 2003, Backmän et al., 2007). A long-term 
follow up study of children with DS, being treated with Castillo-Morales plate at a mean age 
of 13 months for 19 months, showed improved orofacial appearance and function that 
remain stable after 13 years (Korbmacher et al., 2006). Oromotor therapy may also be 
combined with functional orthodontic treatment such as palatal expansion with removable 
appliance, elimination of occlusal interference by grinding and use of composite overlay to 
free mandibular movement in older DS children (Faulks et al., 2008b). 

4.8 Dental diseases 
Down syndrome is characterized by abnormalities in learning, memory, and language that 
lead to mild-to-profound impairment in intellectual functioning. Vision hearing disorders 
and hypothyroidism can further negatively impact cognitive functioning in children with 
DS (Lott & Dierssen, 2010). There is often a delay or impairment in language development in 
DS children. Receptive language is typically stronger than expressive language, and 
vocabulary is stronger than syntax (Martin et al., 2009). They exhibit phonological-altered 
spoken communication with more unimodal gestural answer. Dentist should find out from 
caregiver the patient’s level of intellectual and functional abilities and communicate directly 
with DS individuals using short, clear instructions. The primary caregiver is encouraged to 
stay with DS individuals during dental treatment to enhance cooperation and 
communication. Visuo-spatial processing and perception are generally viewed as relative 
strengths in individuals with DS, therefore preventive advice should be given together with 
pictures, diagrams and models. 
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4.8.1 Caries  
Various studies have shown a reduced prevalence of caries in DS children when compared 
with unaffected children (Stabholz et al., 1991; Bradley & McAlister, 2004; Cogulu et al., 
2006; Davidovich et al., 2010). It has been reported that young DS children had prolonged 
use of bottle as a result of feeding problems or behavioral difficulties, with increased risk of 
developing nursing bottle caries (Randell et al., 1992) (Figure 7).  Paired analysis of 
Candaian DS and non-DS siblings showed that children with DS were less likely to receive 
caries-preventive treatment, restorative care and more likely to have had a dental extraction 
(Allison & Lawrence, 2004; Fung et al., 2008). This highlights the importance of early 
preventive care in children with DS.  
 

 
Fig. 7. Dental decay (caries) in Down Syndrome subject. Nursing bottle caries in early mixed 
dentition. Almost all primary teeth are involved. 

The first dental visit of DS children should occur at the 12-18 months of age to monitor tooth 
development and eruptions. An intensive preventive programme is recommended and 
should include: regular oral hygiene motivation, dietary counseling, topical fluoride and 
fissure sealants application. Motor development is usually delayed in younger DS children 
and may lead to reduced manual dexterity of the children.  Parents and caregivers should be 
educated on the need to help with tooth brushing until the individual has acquired 
sufficient motor skills (Desai, 1997).   
Most DS children are affectionate and cooperative for dental treatment; while some may 
require treatment under sedation or general anaesthesia. Children with DS exhibit 
atlantoaxial instability, extreme care is needed during intubation and orientation of head by 
the paediatric dentist during provision of dental treatment under general anaesthesia. 

4.8.2 Periodontitis  
Periodontal treatment needs were obviously higher in DS adults than in normal healthy 
adults (Shapira et al., 1991; Sakellari et al., 2005).  Cichon et al. (1998) reported that there was 
no improvement in clinical and microbiological parameters after a single session of scaling 
and root planing and oral hygiene instructions. The conventional standard periodontal 
therapy could not eliminate periodontal pathogens or even had no remarkably effect on 
subgingival microbiota. The authors attributed these unsatisfactory clinical outcomes to 
poor plaque control and impaired host defense mechanisms.  
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However, Sakellari et al. (2001) suggested that a frequent recall program with 3-month 
period could overcome inadequate supragingival plaque control and subsequently altered 
subgingival environment after treating five DS individuals with non-surgical periodontal 
therapy for 6 months. Yoshihara et al. (2005) also advocated providing periodic preventive 
care to DS individuals in order to suppress the progression of periodontal disease. The 
authors compared individuals who had frequent dental visit (mean intervals between visits: 
3.7 ± 1.3 months) versus those who had visits more than one year apart and revealed that 
the regular review group had better clinical parameters. Cheng et al. (2008) reported 
satisfactory healing response on 21 DS individuals treated by non-surgical mechanical 
periodontal therapy (followed by monthly recalls) and the adjunctive use of chlorhexidine 
gel for toothbrushing and chlorhexidine mouthwash twice daily. 
It appears from the above conflicting and varied findings, conventional periodontal therapy 
which involves oral hygiene instructions, scaling and root debridement cannot guarantee 
good gingival healing response. The standard gingival response to debridement is gingival 
shrinkage. Gingival recession connotes reduction in pocket depth, elimination of excessive 
sulcular depth. Besides, restoration of normal contour and color of the gingiva, reduction of 
gingival exudates can be gradually achieved. However, there is still no gold standard 
available indicating how periodontal disease in DS adults can be best managed and no 
evidence showing vigorous periodontal treatment may prevent periodontal disease 
progression or prolong tooth retention. 
Appropriate modification of periodontal therapy involves non-surgical periodontal therapy 
adjuncted with regular use of chemical plaque control agents, and frequent recall schedule 
in DS adults may be a way forward. 

5. Conclusions  
DS individuals are basically a group of patients requiring special oral health care services. 
They have more missing , malaligned teeth and often affected with malocclusion. They have  
less carious teeth, but experienced more severe and extensive periodontal diseases. Despite 
the fact that the latter two diseases are preventable, there are inadequate resources in many 
communities for DS subjects or their caretakers to upkeep their oral health. DS care 
providers should acquire appropriate level of oral health awareness and communities can 
consider improving accessibility of DS subjects to oral health care in order to assist 
maintenance of oral and overall health for this group of special need patients. 
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1. Introduction  
Down syndrome (DS), or trisomy 21, is a genetic alteration caused by the presence of an 
extra chromosome 21. In different parts of the world, the incidence of DS varies from 0.3 to 
3.4 per 1000 births, with a ratio of 1:1000 births being reported principally in America and 
Europe (Canfield et al., 2006; Hassold et al., 1996; Wahab et al., 2006; Webb et al., 2007). DS is 
associated with cardiovascular diseases; deficiencies of the digestive, immune, and 
endocrine systems; hematological problems; and also early onset of Alzheimer disease 
(Freeman et al., 2008; Holland et al., 2000; Linabery et al., 2008; Van Cleeve & Cohen, 2006; 
Wiseman et al., 2009). 
Compared to children without this syndrome, children with DS have ten- to twenty-fold 
higher risk of developing acute leukemia (AL) (Fong & Brodeur, 1987; Malinge et al., 2009; 
Ross et al., 2005a; Taub, 2001); it is estimated that approximately 1–2% will develop 
leukemia (Hasle et al., 2000; Malinge et al., 2009; Taub, 2001). Of those children with DS who 
develop leukemia, 60% is classified as having acute lymphoblastic leukemia (ALL) and 40%, 
with acute myeloblastic leukemia (AML). Of those with AML, the most common type is M7, 
or acute megakaryoblastic leukemia (AMKL), found in 62% of this group of children 
(Hitzler & Zipursky, 2005). Approximately 10% of children with DS are born with a 
transitory myeloproliferative syndrome (TMS) that, in some cases, spontaneously 
disappears during the first few months of life; nevertheless, approximately, 20% of these 
children irreversibly develop AML. Children with DS have up to 500-fold higher risk of 
developing AMKL during the first four years (Hasle et al., 2000, 2001; Malinge et al., 2009; 
Zipursky, 2003). 
Because the high incidence of AL in children with DS is strong evidence of the participation 
of chromosome 21 in the development of AL, investigation has been directed toward the 
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search for a gene, or genes, on chromosome 21 which may cause an interruption of cellular 
differentiation and mark the onset of AL. Research has been focused specifically on the 
study of the relation that exists between TMS and its developing into AMKL in patients with 
DS (Gamis & Hilden, 2002; Roy et al., 2009; Taub & Ravindranath, 2002; Zwaan et al., 2010). 
Study of this model has permitted the identification of the genes that provoke mutations 
that cooperate in the malignant transformation of hematopoietic precursor cells. One of 
these genes is GATA1 (Hitzler et al., 2003; Vyas & Roberts, 2006; Zwaan et al., 2010), which 
codes for a transcription factor of chromosome X which codes for the signaling of zinc which 
is essential for the differentiation of erythrocytes and magakaryocytes in the hematopoietic 
cell line. Mutation in this gene causes the production of the short protein, GATA1s, having 
an altered capacity of transactivation, thus contributing to the uncontrolled proliferation of 
immature megakaryocytes (Cantor, 2005; Hitzler et al., 2003; Wechsler et al., 2002). It has 
been found that mutation occurs in utero and, therefore, acts as an early pathological event, 
prior to the onset of TMS; however, in the absence of trisomy 21, such mutation is not 
sufficient for the induction of leukemia. Another transcription factor RUNX1, encoded by a 
gene on chromosome 21, plays a very important role in the development of AML (Hitzler & 
Zipursky, 2005; Izraeli et al., 2007). RUNX1 is essential for the differentiation of 
megakaryocyte progenitors and is responsible for the reduction of platelets (Migas et al., 
2011; Speck & Gilliland, 2002). The function of RUNX1 is commonly interrupted by 
chromosomal translocations that have been associated with different types of AL. These 
include the translocation t(8;21) that generates the fusion gene RUNX1/CBFA2T1 or 
AML1/ETO, which is associated with 40% of the AML type M2; the translocation t(12;21), 
called fusion gene ETV6/RUNX1 or TEL/AML1, which is associated with 20% of ALL of the 
pro-B-cell precursors; and the gene that codes for CBFβ and that is the target of 
chromosomal aberrations such as inv(16) and t(16;16) in AML type M4 (Karrman et al., 2006; 
Zuna et al., 2011). Although it had been thought that GATA1 and RUNX1 were exclusive, it 
was later shown that RUNX1 cooperates with GATA1 during megakaryocytic 
differentiation, playing a very important role in predisposing a patient with DS to develop 
AMKL (Elagib et al., 2003). Nevertheless, in a recent study by the Children's Oncological 
Group (COG), it was found that children with DS had significantly fewer ETV6/RUNX1 
abnormalities than did children without DS (Maloney et al., 2010). Other genes that undergo 
mutations are Janus Kinase 2 (JAK2) and Janus Kinase 3 (JAK3) (Malinge et al., 2009); these 
genes are located on chromosome 9p24 and activate the encoding of tyrosine kinase, which 
has been reported in the majority of patients with myeloproliferative disorders. This type of 
mutation brings about a dysregulation of the activity of the kinase and a phosphorylation of 
tyrosine (Meydan et al., 1996; Mullighan et al., 2009). However, it has been shown that 
patients with DS who have this mutation have a better response to chemotherapeutic 
treatment. Other potential candidates include the transcription factors of the family of proto-
oncogenes, such as ETS, ERG, and GABPα, which have been shown to be expressed and to 
functionally participate in megakaryocytic differentiation (Wiseman et al., 2009). The 
dysregulation of the proto-oncogene EGR has been observed in different types of cancer; 
EGR is over-expressed in AML, just as the proto-oncogene ETS2 is over-expressed in AMKL; 
this dysregulation directly affects the cell cycle by regulating the expression of genes that 
require DNA synthesis and the degradation of the inhibitors of the cell cycle. It appears to a 
critical regulator of the development of lymphocytes in the precursors of B cells (Holterman 
et al., 2010; Sashida et al., 2010). 
From the foregoing and from other reports in the literature, the mechanisms that predispose 
children with DS to develop AL are augmented by chromosome fragility, alteration of DNA 
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repair mechanisms, immunological alterations, and the increase of viral replication 
(Robison, 1992; Xavier & Taub, 2010). If it is true that trisomy 21 can increase the 
proliferation of normal lymphoid progenitors, then for the children with DS (who already 
have a genetic susceptibility) to develop leukemia, this proliferation must be accompanied 
by additional events such as exposure of these children to environmental risks (Levanon et 
al., 2001; Rabson, 2010; Ross, 1999). Several environmental factors have been studied in 
children with DS: exposure in utero to X-rays; post-natal exposure to ionizing radiation, 
certain chemicals (such as pesticides and benzene), or to electromagnetic fields (EMF); habits 
of the parents, such as alcohol consumption and tobacco use before and during the 
pregnancy, or vitamin consumption; and viral infections of the mother during the 
pregnancy or of the child after birth. 

2. Environmental factors associated with development of AL in children with 
DS 
There have been relatively few studies concerning the association between exposure to 
environmental factors and the development of AL in children with DS; a brief description of 
the findings of these studies is germane to the current discussion. 
Linabery et al. (2006) and the COG carried out a case-control study to determine if there 
were an association between exposure to radiation (X-rays) and the development of AL in 
children with DS. Of the 158 children with DS and AL who were identified from the 
registration files of COG, 97 had ALL and 61 had AML); the controls, 173 healthy children 
with DS, were selected from the same primary-care hospitals or clinics where the cases were 
treated in a normal fashion before their being diagnosed with AL. Three periods of possible 
exposure to radiation were studied; these were prior to conception, in utero, and postnatal. 
Data for the variable of the study was obtained by means of a telephone interview with the 
parents. In this interview, the parents were asked about any episodes of exposure to 
radiation (X-rays) during these periods. The results showed that there was no association 
between exposure to radiation and the development of ALL and AML in children with DS. 
The limitations of this study are due to the manner in which the exposure was measured 
and to the fact that the type of radiation, the radiation dose, and the part of the body 
exposed were not taken into account. In addition, it is probable that there had been a bias in 
the identification of the controls: not all the primary-care physicians furnished a list of 
potential controls; therefore, the authors had to seek a care center different than the one that 
had treated the case. 
Data from these same groups of children were used in another case-control study conducted 
by the COG to determine if exposure of the mother to pesticides in the home was associated 
with the risk of AML or ALL in their children with DS. Positive associations with the 
development of ALL were found for exposure to pesticides in the home (odds ratio (OR): 
2.25; 95% confidence interval (CI): 1.13, 4.49); to a pesticide (OR: 2.18; 95% CI: 1.08, 4.39); and 
to a chemical (OR: 2.72; 95% CI: 1.17, 6.35). No statistically significant association for AML 
was found in children with DS. The notable limitation in this study is that a third of the 
mothers and physicians were unable to provide data for the potential controls, so that 
another physician was consulted (Alderton et al., 2006). 
Another case-control study concerned the relation between parental habits (smoking 
tobacco and alcoholism by the father) prior to the pregnancy or the passive exposure of the 
child to tobacco smoke and the development of leukemia by the child with DS. In this study, 
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the sample size was 27 children with DS who had leukemia (ALL = 22; AML = 5) and 58 
controls who were recruited from institutions of special education for children with DS. The 
parents of the case children and control children were interviewed concerning the frequency 
of their exposure to tobacco in the year prior to the pregnancy and during the pregnancy 
and concerning the passive exposure of the child to tobacco smoke prior to diagnosis (Mejía-
Aranguré et al., 2003). Risk of the child with DS to develop AL was associated with the 
father's having smoked during the year prior to the pregnancy (OR: 3.57; 95% CI: 0.82, 
20.27); with the father's having consumed alcohol in the year prior to the pregnancy (OR: 
3.10; 95% CI 1.12, 8.62; and with the child with DS having been passively exposed to tobacco 
smoke (OR: 3.39; 95% CI: 1.09, 10.48). Although the sample size was small, important 
associations were encountered. However, it is probable that there was a bias in the selection 
of the control group. 
Another of the factors that have generated numerous studies is the relation of the exposure 
of children to magnetic fields (MF) and the development of AL. This study was carried out 
with children with DS: 42 children had DS and ALL, with 124 healthy children with DS as 
controls. The controls were recruited from institutions providing special education to 
children with DS. The principal variable of exposure was measured in the home of the child 
by means of a gausometer, in addition to visual inspection of the wiring around the house. 
For each of the children, the parents were interviewed by health-care personnel at the 
attending health-care center. The data so obtained indicated that there was a positive 
association when there had been an exposure to MF >6.00 mG (OR: 3.7; 95% CI: 1.05, 13.1). It 
is interesting to note that, despite the few number of cases, the risk was found to be high, 
thus showing that, for children with a high susceptibility to environmental exposures that 
carry a risk, such factors become evident even though few individuals are studied. 
Nonetheless, it is probable that this study contains the same selection bias as the previous 
study (Mejía-Aranguré et al., 2007). 
Puumala et al. (2007) conducted a case-control study to determine whether the reproductive 
history of the mother or infertility treatment was associated with a risk for the children with 
DS to develop ALL or AML. As mentioned earlier in this section, of the 158 cases captured 
by COG, 97 were diagnosed with ALL and 61, with AML; the 173 controls were healthy 
children with DS. To measure the variable of exposure, a telephone interview was carried 
out, evaluating the reproductive history and infertility treatment. The results were null; only 
an association between AML in children with DS was reported when an infertility treatment 
had been performed one year prior to the pregnancy (OR: 2.22; 95% CI: 1.14, 4.33). The 
possible limitations to this study are that the controls were recruited from the same clinic 
from which the cases had been recruited; however, a list of potential controls was not 
always available. Also, there could have been a memory bias when measuring the principal 
variable. 
Ross et al. (2005b) studied the consumption of vitamins close to the time of conception and 
its association with the development of AL in children with DS. This case-control study 
utilized the same 158 children with DS and AL (97 cases with ALL; 61 with AML) that had 
been identified by COG and 173 healthy children with DS as controls. The mother of each 
child was interviewed by telephone to obtain information concerning the consumption of 
these supplements prior to the pregnancy and both before and after realizing that she was 
pregnant. A decrease in the risk of leukemia was observed when the vitamins had been 
taken as supplements during the periconception period (OR: 0.63; 95% CI: 0.39, 1.00). When 
stratified by type of leukemia, the risk of ALL was reduced (OR: 0.51; 95% CI: 0.30, 0.89); this 



 
Infections and Acute Leukemia in Children with Down Syndrome   

 

83 

was not found for AML (OR: 0.92; 95% CI: 0.48, 1.76). Consumption of vitamins during the 
periconception period after the realization of the pregnancy was associated with an increase 
in the risk of leukemia (OR: 1.61; 95% CI: 1.00, 2.58), for both ALL and AML. It should be 
pointed out that there was a possible confusion bias due to the increased risk of consuming 
vitamins by the mother after becoming pregnant; therefore, an underlying biological process 
could confound the study. 
The role of infections in the etiology of leukemia and DS also has been under intensive study. 
By means of a case-control study using the same group of patients taken from the COG 
registry (the number of patients, recruitment of the controls, and measurement of the variable 
were given in more detail in foregoing paragraphs), the Children's Oncology Group (COG) 
evaluated the association between both the mother's state of health and episodes of infections 
during the pregnancy and the development of AL. The results obtained showed that the health 
problem most frequently encountered during pregnancy was vaginal bleeding, which had an 
associated reduction in the risk for AL for all the cases (OR: 0.57; 95% C: 0.33,0.99). The 
mother's having undergone amniocentesis was associated with an increase in the risk for AML 
(OR: 2.06; 95% CI: 0.90,4.69). One of the biases in this study is that of memory, due to the 
length of time between the pregnancy and the study interview (Ognjanovic et al., 2009). 
In a case-control study that used this same group of children (details of the COG study, 
including cases, controls, and interview are given in foregoing paragraphs), Canfield et al. 
(2004) studied whether early infections in children with DS, as well as infections that the 
mothers underwent during pregnancy, played a role development of AL. In this study, it 
was found that there was a negative association between the risk of AL and any infection 
during the first two years of life: OR: 0.55: 95% CI: 0.33,0.92 for combined AL; OR: 0.53; 95% 
CI: 0.29,0.97 for ALL; and OR: 0.59; 95% CI: 0.28,1.25 for AML. 
Similarly, Flores-Lujano et al. (2009) investigated whether either infections or breastfeeding 
was associated with risk of AL in children with DS. In this case-control study, the sample 
size was 57 children with DS and AL (45 ALL and 12 AML), with 218 healthy children with 
DS as controls. The controls were recruited from centers of special education for children 
with DS. Health-care personnel carried out the interviews in the health-care centers and in 
the special education institutions. In these interviews, questions specifically focused on 
infections and hospitalization in the first year of life and on breastfeeding. Although a 
statistically significant association was not found for these factors and general AL, 
hospitalization for an infection during the first year of life increased the risk (OR: 3.57; 95% 
CI: 1.59,8.05). Together with the foregoing results, this indicates that alteration of the 
immunological micro-environment could increase the risk for the development of AL in 
children with DS. A characteristic of these children is their having a higher frequency of 
infections than children without DS. This aspect should be investigated in greater depth. 

3. Infection and leukemia in children 
3.1 Infections and space-time clustering of children with childhood leukemia 
The theme of viral infections and childhood leukemia has been approached through cluster 
analysis. The findings are interpreted in both a time and space context. Due to studies of this 
type, possible evidence has been postulated that support the idea of an infectious etiology in 
childhood leukemia (Francis et al, 2011; McNally et al, 2009). Studies of this type describe 
geographical and historical units, not individuals or populations per se. Though the results 
of such studies make reference to individuals and populations, the interpretations given 
have to be placed on a time line or in a geographical territory. 
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Under the foregoing terms, a cluster consists of a group of persons, who group together, 
whether temporally, geographically, or both temporally and geographically. When found to 
cluster simultaneously both temporally and geographically, this phenomenon is known as 
space-time clustering. 
McNally and Eden (2004) commented that if infections are implicated in the etiology of 
childhood leukemia, then the geographic distribution of those children would demonstrate 
a space clustering within a determined time frame (McNally & Eden, 2004); that is to say, 
that they would form a space-time clustering. 
With the premise that a space-time clustering can show evidence of an infectious etiology 
for children with leukemia, we performed a revision of the publications that concern this 
theme by availing ourselves of the information retrieval system provided by Pub Med, 
PubMed is a free database maintained by the United States National Library of Medicine at 
the National Institutes of Health. We compared the number of cluster-analysis studies in 
general with that of studies that specifically dealt with space-time clustering. Then, we 
further refined the search to retrieve the space-time studies that concerned children with 
leukemia. Finally, we made a brief description of the type and number of the publications 
that had been done concerning space-time clustering and children with leukemia (Table 1; 
Fig. 1). 
 

Key word Number of 
publications 

Cluster analysis 59761 

Cluster analysis + Leukemia 1292 
Cluster analysis + Childhood + 
Leukemia 168 

Space-time clustering 1801 

Space-time clustering + Leukemia 124 
Space-time clustering + Childhood + 
Leukemia 61 

Table 1. Number of publications retrieved by iterative searches of PubMed database by 
using distinct key words. (Access date: 4 March 2011) 

The key words (cluster analysis, space-time clustering; leukemia; childhood) utilized in 
PubMed were chosen because they are medical subject headings (MeSH), a controlled 
vocabulary for indexing articles in PubMed. These predetermined terms are used in the 
PubMed database to avoid omission of some study related to the theme of the search. We 
did not select any other limitation to annotate the search. The quantity of publications 
(59,761) retrieved when the term "cluster analysis" was used as the sole search word shows 
that this type of study is used widely. However, it should be noted that this number 
includes not only studies of clustering, but also studies by clustering.  
When "space-time clustering" was used as the search term, the results were distinct: 1801 
publications were retrieved. Of the 124 space-time clusterings concerning leukemia, 
approximately one half (61) dealt with childhood leukemia. These publications started in 
1968 with a study, presented at a symposium, which was published in Nippon Ketsueki 
Gakkai Zasshi (Hirayama, 1968). In 1969, Glass & Mantel (1969) published a study 
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concerning children in Los Angeles, California, in which mortality data were used in an 
exceptional way. 
 

 
Fig. 1. Quantity of publications, retrieved by iterative searches of PubMed (see text), 
concerning both space-time clustering and childhood leukemia 

The annual publication rate of such studies increased slowly until reaching a maximum in 
1991; thereafter they started to decline. However, since the end of the last century, there 
appeared new peaks, notably in 1999, 2005, and 2009, thus showing a possibly renewed 
interest in performing this type of study.  
The reason that such studies are performed may be due to the fact that populations 
worldwide live within a demarked time and geographical area. Infections are processes that 
are also limited to a time, to a space, and to a population. These studies cannot demonstrate 
solid support for any relation, but their consistency can provide a very strong argument. 
The two principal hypotheses of the concept of the infectious etiology of childhood 
leukemia, those postulated by Greaves (1988) and by Kinlen (1988), have been consistently 
supported by these cluster analysis studies and their results inspire other researchers to 
continue studies on this possible relation.   

3.2 Viral theories of cancer and leukemia 
In the first half of the last century, the viral theory of cancer and leukemia was almost in 
disrepute. So much so, that there was great difficulty in obtaining funds or laboratory facilities 
for research projects dealing with the hypothetical virus origin of cancer (Gross, 1974). In 1951, 
it was demonstrated that a transmissible virus causes mouse leukemia (Gross, 1951a). In those 
experiments, when inoculated into newborn mice of a non-leukemic inbred strain, filtrates 
prepared from leukemic mouse tissues were found to induce leukemia or lymphosarcomas. 
Complicated genetic theories had been used to explain the phenomenon of the development of 
"spontaneous" leukemia in successive generations of mice of certain inbred lines, such as AK 
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or C58. However, the correct explanation was provided by the demonstration that mouse 
leukemia virus is transmitted, in a latent form, from one generation to another directly through 
the embryos (Gross, 1951b), probably through the germinal cells (Ahmed, 2005). The activation 
of the virus may not occur during the lifespan of the carrier host and the host may remain in 
good health, even though it carries the virus and transmits it to its progeny. A variety of 
tumors and leukemias in several animal species were found to be caused by filterable viruses, 
transmissible by inoculation of newborn host. The mouse-leukemia virus induces leukemia 
not only in mice but also in rats; it can be transmitted from rat-to-rat filtrates (Gross, 1963). Cat 
leukemia was found to be caused by a virus transmissible by filtrates not only from cats but 
also from dogs (Jarrett et al., 1964; Rickard et al., 1973, as cited in Dutcher & Chieco-Bianchi, 
1973). It is still not understood why certain tumors and leukemias, such as mammary tumors 
in mice or leukemia in mice, cats, or chickens, contain virus particles and can be readily 
transmitted to other hosts by filtered extracts; similar tumors and lymphomas, which develop 
naturally in other species such as dogs, rats, and humans, do not seem to contain virus 
particles. This may be due to improper experimental methods; for example, no virus particles 
had been found in bovine lymphosarcoma until these leukemic cells were placed into short-
term tissue cultures (Gillet et al., 2007). 
In 1969, in an apparent attempt to elucidate the role of viruses in the etiology of cancer, Todaro 
and  Huebner (1972) proposed the "oncogene" theory, suggesting that most cells of vertebrates 
carry, as an essential part of their natural evolutionary inheritance, "oncogenic information" 
(the oncogene), and that cancer results from the destruction of the normal "repressor system" 
that keeps both the oncogenic and virogenic information in check in the normal adult cell. In 
other words, "endogenous virogenes" (genes for the production of type-C viruses) and 
oncogenes (the portion of the virogene responsible for transforming a normal cell into a tumor 
cell) were maintained in an unexpressed form by "repressors" in normal cells. Agents, such as 
radiation, chemical carcinogens, or the normal process of aging, could activate the genes and 
may transform cells by "switching on" the endogenous oncogenic information (Huebner & 
Todaro 1969; Todaro & Huebner, 1972). Gross (Gross, 1963; Jarrett, 1964; Rickard et al., 1973, as 
cited in Dutcher & Chieco-Bianchi, 1973) pointed out that there is a fundamental difference 
between the vertical theory and the oncogene theory (Gross, 1963). The concept of vertical 
transmission of oncogenic viruses assumes that, at some point, the oncogenic viruses entered 
the animal host from outside and, since that time, have been passed from one generation to the 
other as a latent infection (Jarrett, 1964), whereas the "oncogene" theory postulates that the 
genome responsible for producing the infectious virus is part of the inherited genetic material 
of all cells of normal vertebrates. Gross furthered commented that, in the former case, the 
oncogene theory would be very similar to the original concept of vertical transmission of latent 
oncogenic viruses, with only some significant changes in terminology and with the 
assumption that latent oncogenic viruses are present in almost all somatic cells of vertebrates. 
If the oncogene theory assumes that infectious viruses can be produced from normal 
endogenous components of healthy, normal not infected cells, then such a concept would be 
untenable, without returning to the old concept of spontaneous generation of infectious agents 
(Rickard et al., 1973, as cited in Dutcher & Chieco-Bianchi, 1973). 

3.2.1 Kinlen's hypothesis 
Infection has been causally linked to some leukemias in animals and in adult humans and 
has often been considered as a basis for childhood leukemia. If childhood leukemia does 
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have such an origin, the lack of an appreciable space-time clustering suggest that the 
infection is spread mainly by trivially infected subjects, rather than by children with 
leukemia. In 1990, Kinlen suggests that childhood leukemia represents a rare response to a 
much commoner, perhaps an unidentified mild or subclinical, infection, the transmission of 
which is facilitated when large number of people come together, particularly when they are 
from a variety of origins (Kinlen et al., 1990). This hypothesis was discussed in a study that 
showed a significant increase in childhood leukemia in a rural district in Scotland. This area, 
located at a distance from a conurbation and having no nuclear power installation in the 
vicinity, experienced a large influx of people during the 1950's (Kinlen, 1988) . Kinlen 
mentions that, when evaluating the findings, it is crucial to take into consideration the 
factors that are likely to increase the scale of contacts between susceptible people and the 
carriers of an unrecognized infection. Such factors, in the presence of that infection, may 
promote the development of leukemia and probably an epidemic of the infection itself, 
producing discernible long-term effects. Contact between those infected and susceptible 
individuals is the basis for the spread of any infection. That the total number of potential 
contacts is of great importance has been shown in occupational studies of infections such as 
influenza (Oxford et al., 2005) and tuberculosis (Hewitt &Stewart, 1951), as well as in the 
description of outbreaks of many other infections. New contacts between members of 
different communities must have occurred on an unusual scale both directly and indirectly 
as new towns rapidly grew in this area (Kinlen, 1988). Kinlen added that the greater the 
diversity in geographic origins among sizeable groups of residents, the more likely it is that 
appreciable differences in herd immunity will be found among different subgroups. The 
rate of progress of an epidemic is primarily regulated by the number of susceptible people 
and by the rate of contact between those infected and susceptible people (Fox et al.,1971). 
The best-known cluster of childhood leukemia is that in Niles, Illinois, USA, which consisted 
of eight cases during 1957–60, seven of whom were pupils of a single parish school. The 
population of Niles grew from 3587 in 1950 to 20 393 in 1960, with most of the increase 
occurring in 1955–60 and in the parish that later experienced the leukemia cluster (Heath & 
Hasterlik, 1990). The increased opportunity for new contacts, both in the crowed parish 
school (class size of 50) and in the adjoining church, could have favored both transmission 
of an infectious agent and repeated exposure to infected individuals. 

3.2.2 Greaves' hypothesis 
Greaves (1986) proposed that, at its peak incidence at about ages 3 and 4 years, ALL is due 
not to specific viruses, but to mutations that may delay exposure to various non-specific 
infective agents as well as to other immunological challenges (Greaves, 1986). Kinlen (1990) 
implied that, as this hypothesis is difficult to test epidemiologically, it would be problematic 
to distinguish definitively such effects from those of specific agents, as are observed in the 
majority of infection-based illnesses (Kinlen, 1990). 
Kinlen (1990) concluded that their findings provide support not only for infection being a 
basis for childhood leukemia (not only the lymphatic type), but also specifically for an 
infection being promoted by greater levels of social contact, particularly among people from 
communities that previously has been widely separated. In locales where an excess of 
childhood leukemia has been recorded, the dynamics of herd immunity in such 
communities, taken as a whole, must be given greater attention. 
Furthermore, Greaves and Chan suggest that much of the variation reported in the literature 
is a consequence of selective under-reporting and premature death in places where socio-
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economic conditions are poor (Den Otter et al., 1986). They also pointed out that the rate of 
lymphocyte proliferation in early childhood will be influenced by the pattern of exposure to 
micro-organisms, which will vary with social, environmental, and geographical factors. The 
idea of spontaneous mutations is not new. In one study, Den Otter et al. (1987) attempted to 
calculate both the incidence of the so-called "endogenous malignancy" and the number of 
mutations required for carcinogenesis by using measured mutant frequencies (Gross, 1951). 
Morris (1989) referred to the Den Otter study when he proposed an improved mathematical 
formula for application specifically to the incidence of lymphoid malignant (Morris, 1989). 
Morris concluded that his mathematical model showed that, if an increased mutation rate 
affects a subset of cell divisions, then the number of cell generations affected is more 
important than the absolute number of cell divisions affected. He is aware that the model he 
proposed fails to explain the age distribution of ALL without an additional assumption of a 
fallible mechanism that normally would eliminate malignant-clones. In this case, the 
activation of one growth-control gene by the loss of two regulatory genes would be enough 
for neoplasia. 

3.2.3 Alexander's hypothesis 
The Leukaemia Research Fund Data Collection Survey (DCS) is a specialist registry of 
leukemias and lymphomas, which collects high-quality incidence data for about half of 
England and Wales. The DCS published an atlas for 1984–88 (Alexander et al., 1991), in 
which the incidence of childhood ALL recorded by the registry was related both to aspects 
of community lifestyle from the 1981 census of England and Wales and to the Ordnance 
Survey digitized 1/625000 map data. The main findings were tested by applying them to the 
Yorkshire Region Children's Tumor Registry (YRCTR) for 1974–83. Although Yorkshire is in 
the DCS area, the two data sets are independent because the time periods do not overlap. 
Alexander considered these data and found that the association between ALL and radon 
persisted after adjustment for lifestyle factors (Cartwright et al, 1990). It was observed that 
higher rates of leukemias in children and young people had been reported in areas of higher 
socio-economic class and socio-economic status. These considerations led to the hypothesis 
that the incidence of childhood ALL was higher in communities that were isolated, were of 
higher socio-economic status, and had substantial numbers of commuting individuals. The 
relevant factors and classifications by each individually were selected in advance of the 
inspection of incidence data. The findings did not support any association between 
childhood ALL and commuting-to work distances. However, there was significant evidence 
that incidence increases, particularly for the childhood peak-age range, with distance from 
built-up areas. Further analysis of the DCS data showed that the highest rates of childhood 
ALL were found in those "middle-class" towns and villages which were farthest from urban 
conurbations. Initial confirmation was given by YRCTR data, with a similar two-fold 
difference in risk in both data sets. Alexander suggested that the interpretation of the 
findings and those of Kinlen (Kinlen,1988,1990) and of Cook-Mozaffari et al. (Cook-
Mozaffari et al.,1989) was that the lifestyle in isolated communities, i.e., those of higher 
economic status, is conducive to an unusual exposure to some specific infectious agent or to 
general infections. This exposure can, in turn, increase the risk of childhood leukemia. 
In contrast, Greaves model proposes that no specific agent is involved, but that the reduced 
exposure to antigenic challenge in infancy leads to greater proliferation of pre-malignant 
clones that can experience a second malignant change as a result of later infection (Greaves 
& Chan, 1986). Alexander mentioned that, if it is the timing of exposure to infections that is 
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relevant, then the results found would strongly support the first part of Greaves hypothesis, 
when it can be shown that the children in the isolated communities experience reduced 
antigenic challenge in infancy. Therefore, the earliest social grouping may provide an 
environment particularly conducive to the spread of infections (Davis, 1986) which, Greaves 
suggests, would facilitate the second malignant event. The authors conclude that their 
findings tend to favor Greaves model, but further investigations of these communities will 
be straightforward and have the potential to refine the infection-as-causal-agent models for 
the etiology of childhood ALL. Possible interpretations include germ-cell damage prior to 
conception (Fairlie, 2009; Gardner et al., 1990), synergism between viruses and radiation 
(Pinkel & Nefzger, 1959), and some unknown extra factor. 

3.3 Infection during the first year of life and childhood leukemia. Epidemiological 
evidence 
Epidemiological studies have been performed to determine whether an infection during the 
first year of life is a factor that influences the causality of childhood AL, and specifically ALL. 
Kinlen and Greaves (1988) proposed that infections may be involved in reducing the risk of 
developing AL. For that reason, epidemiological studies have evaluated the relation between 
early infections and childhood AL. The infections that have been evaluated include otitis 
media, common colds, respiratory tract infections, streptococcus-caused infections, influenza, 
asthma, gastrointestinal diseases, infections causing diarrhea or vomiting, and infections that 
may have been recurrent in an early stage or that may have required hospitalization, such as 
exanthema-like diseases typical of infancy. These studies have demonstrated that exposure to 
such infections permit the stimulation and maturation of the immunological system of the 
child, thus reducing the risk that, when challenged by a later infection, the child's immune 
system would respond in an aberrant manner, resulting in AL. Given that the lymphoid 
leukemic cells represent a clonal expansion of white cells, these act in the human body as the 
first line of defense against infectious agents, that normally are regulated by lymphocytes, 
monocytes, and neutrophils, which in turn neutralize and eliminate the pathogenic agent. 
Therefore, if there is a aberrant or abnormal response to an infection, it could occasion in the 
child an excessive proliferation of mutated cells as the immunological response to the late 
infection, or else it could fails to halt the proliferation of malignant cells (Chan et al., 2002; 
Dockerty et al., 1999; Greaves & Alexander, 1994; Greaves, 1988; Greaves, 2006; Jourdan-Da et 
al., 2004; Kinlen, 1988; McNally & Eden, 2004; Ma et al., 2005a; Ma et al., 2009; Neglia et al., 
2000; Perillat et al., 2002a; Rudant et al., 2010; Urayama et al., 2011; van Steensel et al., 1986). 
The majority of studies carried out to evaluate this association have been epidemiological 
designs of the case-control type. Such studies have shown that, when children had been 
exposed to common infections during the first year of life, there was a reduction in the risk 
of developing AL. However, not all the studies have shown this association; thus, early 
infection as a causal agent of childhood AL remains a controversial issue. Nevertheless, the 
importance of early infection during the first year of life, whether resulting in a reduction or 
an increase in the risk of developing AL, has not been discarded (Table 2)(Cardwell et al., 
2008; Chan et al., 2002; Dockerty et al., 1999; Jourdan-Da et al., 2004; McNally & Eden, 2004; 
McArthur et al., 2008; Ma et al., 2005a; Ma et al., 2009; Neglia et al., 2000; Perillat et al., 
2002b; Petridou et al., 2001; Roman et al., 2007; Rosenbaum et al., 2000; Rudant et al., 2010; 
Shüz et al., 1999; Urayama et al., 2011; van Steensel et al., 1986;). 
Some researchers have opted not only to evaluate the relation between early infections and 
AL by determining the involvement not only of common infections, but also of the  
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Author, 
Year 
(Country) 

Van Steensel et al., 
1986  
(The Netherlands) 

Schüz et al., 1999 
(Germany) 

Dockerty et al., 1999 
(New Zealand) 

Neglia et al., 2000  
(USA) 

Design of 
study 

Case-control study 
(1973–1980) 

Case-control 
study in two parts
(1980–1994) 

Case-control study 
(1991–1995) 

Case–control study 
(1 January 1989 and 
15 June 1993) 

Size of 
sample 

492 cases, 480 
controls; age: 0-14 
years 

1184 cases, 2588 
controls; age: 0-14 
years 

121 cases, 303 controls; 
age: 0-14 years 

1842 cases, 1986 
control; age: <15 
years of age 

Data 
collection 

Mailed 
questionnaire; 
addressed to 
diagnosis 

Telephone 
interviews of 
parents 

Mothers interviewed at 
home; standardized 
questionnaires and 
serological tests 

Structured 
interview 

Variables 

Breast feeding; birth 
order; family size; 
social class; number 
of rooms in 
household; 
infections; 
hospitalization or 
consultation for 
infections; primary 
infections (measles, 
chickenpox, mumps, 
or rubella); periods 
of fever 

First-born child; 
duration of 
breastfeeding; 
deficit in social 
contacts; routine 
immunizations; 
infections; 
tonsillectomy or 
appendectomy; 
allergy of the 
child; allergy of 
the mother 

Social class, marital 
status, ethnic group, 
educational level of 
parent; home 
ownership; length of 
gestation; age of mother 
at child's birth; weight 
of child at birth; 
exposure of mother to 
X-rays during the first 
trimester; exposure of 
child to X-rays or 
radiotherapy before 
onset of illness. Tobacco 
smoking by mother in 
first trimester or before 
pregnancy 

Interview of 
mother; gender; 
age; race; 
educational level of 
mother; 
educational level of 
father; family 
income; 
immunophenotype 
class. 

Odds ratio 
and 
relevant 
results 

Common colds RR: 
0.8, (95% IC: 0.6-1.0);
periods of fever RR: 
0.9;( 95% IC: 0.7-1.2);
primary infections 
RR: 0.8; (95% IC: 0.4-
2.0); these variables 
were adjusted by 
birth order, family 
size, social class, and 
residential space. 
Infectious diseases 
requiring 
hospitalization RR: 
0.6; (95% IC: 0.4-1.0).

Routine 
immunizations 
between 0-3 years 
of age OR: 3.2; 
(95% IC: 2.3-4.6); 
tonsillectomy or 
appendectomy (at 
least one) OR: 1.4; 
(95% IC: 1.1-1.9); 
child with allergy 
OR: 0.6; (95% IC: 
0.5-0.8). Having 
had tonsillectomy 
or appendectomy 
increased child's 
risk of developing 
leukemia, whereas 
allergies showed a 
protective effect. 

A positive relation was 
found between the 
infection caused by 
influenza during the 
first year of life and the 
risk for developing 
leukemia OR: 6.8; (95% 
CI 1.8-25.7). No other 
variable was related to 
acute leukemia. 

Neither attendance 
at, nor time 
remaining in day 
care was associated 
with the risk of 
developing 
leukemia. For 
children with 1–4 
episodes of ear 
infections or 
sustained 
infections, the 
association with 
development of 
acute leukemia was 
not statistically 
significant. 

Table 2. Summary of reviewed articles concerning the epidemiology of early infection and 
acute childhood leukemia 
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Author, 
Year 
(Country) 

Infante et al., 2000 
(Quebec, Canada) 

Rosenbaum 
et al., 2000 
(New York, USA) 

Perillat et. al., 2002b 
(France) 

Chan et al., 2002 
(Hong Kong) 

Design of 
study 

Case-control study 
(1989-1995 Case-control study Case-control study 

A population based, 
case-control study 
(November 1994 and 
December 1997) 

Size of 
sample 

491 cases 
491 control 
age: 0-9 years 
 

255 cases, 
760 controls; 
age: 0-14 years; 
31 county region  
(cases); 
(1980-1991) 

280 incident cases; 
288 hospital controls 

116 cases, 788 
controls; 
Age: 2-14 years; the 
Hong Kong 
Paediatric 
Haematology and 
Oncology Study 
Group 
 

Data 
collection 

Structured 
questionnaire 
administered to 
mothers by telephone

Standarized 
questionnaires 
mailed to the 
parents 
 

Standarized face-to-face 
interviews of the mothers

Standarized, face-to 
face interviews 

Variables 

Educational level of 
mother; family 
income at the time of 
child's diagnosis; 
mother's age; father's 
age; tobacco smoking 
by mother; infections 
during pregnancy; 
child's birth order; 
attendance at day 
care or nursery; 
principal feeding 
method (breast or 
bottle); length of 
breastfeeding; 
history of recurrent 
infections of mother; 
use of antibiotics 
during pregnancy 

Sex; race; 
educational level 
of mother; birth 
order; feeding 
status at birth 
(breast, bottle); age 
at diagnosis; day 
care or preschool 
program; family 
outcome; maternal 
employment 
during the 
pregnancy. 

Diagnosed categories 
(acute leukaemia 
classification and 
immunophenotype); sex; 
age; ethnic origin; 
hospital where case 
capture; educational 
level of mother; 
occupation of mother at 
time interview, socio-
professional categories; 
place of residence; birth 
order; number of 
siblings; day care; age at 
start of day care; 
repeated infections 
before age 2 years; 
surgical operation for 
early ear-nose-throat 
infections before age 2 
years; breastfeeding. 

Medical history 
(infectious illnesses) 
in the first year of 
life; breastfeeding; 
day care/social 
contacts of index 
and siblings; own 
household 
environment; 
community 
environment. 

Odds ratio 
and 
relevant 
results 

Early attendance at 
daycare or at nursery 
and breastfeeding 
were protective 
factors against the 
development of acute 
leukemia OR: 0.49, 

Children who 
attended day care 
for >36 months, 
compared with 
those that did not, 
had a lower risk 
for developing 

An inverse association 
was found between the 
development of acute 
leukemia and attendance 
at day care OR: 0.6; (95% 
CI: 0.4-1.0), repeated (≥4 
per year) early common 

Child had rubella 
and/or fever during 
first year of life 
lowered the risk OR: 
0.33; (95% CI: 0.16-
0.68); change of 
residence during 
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(95% CI: 0.31-0.77) 
and OR: 0.68; (95% 
CI: 0.49-0.95), 
respectively. 

leukemia OR: 1.32, 
(95% CI: 0.70-2.52); 
attendance at day 
care for 1-18 
months OR: 1.74; 
(95% CI: 0.89-3.42) 
or for 19-36; OR: 
1.32; (95% CI: 0.64-
2.71). 

infections before the age 
of 2 years OR: 0.6 (95% 
CI: 0.4-1.0), and surgery 
for infection of nose, ear, 
or throat before age of 2 
years OR: 0.5 (95% CI: 
0.2-1.0). Statistically 
significant interaction 
was found between 
attendance at day care 
and repeated common 
infections. 

first year of life 
presented a lower 
risk of child's 
developing leukemia 
OR; 0.47; (95% 
CI:0.23-0.98), 
whereas with such 
change during 
second year, the risk 
increased, OR: 3.92; 
(95% CI: 1.47-10.46). 

Table 2. (cont'd) 
 

Author, 
Year 
(Country) 

Jourdan-Da 
et al. 2004 
(France) 

Rosenbaum P et 
al., 2005 
(New York, USA) 

Ma et al., 2005b 
(USA) 

Roman et al., 2007 
(United Kingdom) 

Design of 
study 

Case-control study 
(1995-1998) 

Population-based 
case-control study
(1980-1991) 

 
Population-based, 
case-control study 
(1991-1996) 

Size of 
sample 

473 cases, 
567 population-based 
controls 

255 cases, 
760 control; 
age: 0-14 years 

294 incident cases, 
376 controls; 
age: 0-14 years 

455 cases, 
1031 controls; 
age: 0-14 years 

Data 
collection Questionnaire Questionnaire Personal interview of 

parents Interview of parents 

Variables 

Gender; age at 
diagnosis; region of 
residence at 
diagnosis; socio-
professional 
categories; 
educational level of 
mother; educational 
level of father; birth 
weight; term of 
pregnancy; birth 
order; mother's age 
at birth; Down 
syndrome; 
breastfeeding; 
infections in the first 
year of life. 

Sex; race; birth 
year; mother's 
educational level; 
family income; 
maternal smoking; 
infant feeding at 
birth; birth order; 
attended day care 
before 25 months 
of age; year of 
diagnosis 
leukemia; age at 
diagnosis 
leukemia; 
allergies; history of 
allergies; common 
infections (colds, 
otitis media, 
influenza, croup, 
bronchiolitis, 
pneumonia, 
vomiting, 
diarrhoea)

Age; gender; 
household income; 
mother's educational 
level; mother's age at 
birth; birth weight; 
birth order; duration of 
breast feeding; day-
care attendance; 
infections during 
infancy 

Sex; age; diagnoses 
of infectious disease 

Odds ratio 
and 
relevant 
results 

Strong association 
found if child had 
gastrointestinal 
illnesses; attendance 

Results showed 
that infection late 
in the first year of 
child's life is 

Attendance at day care 
and infections during 
infancy is associated 
with a decrease in the 

Cases had more 
episodes of 
infection than did 
controls, which was 
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at day care lowered 
risk OR: 0.6; (95% CI: 
0.4-0.8); no 
association found for 
breastfeeding; birth 
order (4th or later) 
showed significant 
association with 
increased risk of 
acute lymphoblastic 
leukemia OR: 2.0; 
(95% CI: 1.1-3.7); 
child's prior episode 
of asthma was 
associated with a 
lower risk of 
developing acute 
lymphoblastic 
leukemia OR: 0.5; 
(95% CI: 0.3-0.9). 

associated with an 
increment in the 
risk of developing 
leukemia. 

risk of developing 
acute lymphoblastic 
leukemia within the 
white Hispanic 
population OR: 0.42; 
(95% IC: 0.18-0.99 and 
OR: 0.32; (95% IC: 0.14-
0.74), respectively; 
corresponding data for 
the Hispanic 
population, even for 
those living in the same 
area, did not agree. 

more notable in the 
neonatal period (≤1 
month): 18% of 
controls and 24% of 
cases with leukemia 
were diagnosed 
with an average of 
<1 infection OR: 1.4; 
(95% CI: 1.1-1.9; 
p<0.05). Cases with 
≥1 episodes of 
infection in the 
neonatal period 
tended to be 
diagnosed with 
acute lymphoblastic 
leukemia at a 
relatively young 
age. 

Table 2. (cont'd) 
 

Author, 
Year 
(Country) 

MacArthur, 
et al., 2008 
(British Columbia  
and Quebec,  
Canada) 

Cardwell et al., 
2008 
(United 
Kingdom) 

Urayama et al., 2010 
(USA) 

Rudant J et al., 2010 
(France) 

Design of 
study 

Population-based, 
case-control study 
(January 1,1990 and 
December 31,1994 

Nested  
case-control  
(cohort) study 

Case-control study 
(1995-1999) 

National registry-
based, case-control 
study ESCALE 
(2003-2004) 

Size of 
sample 

399 cases,  
399 controls; 
age: 0-14 years 

62 cases, 
2215 matched  
controls 

669 cases, 
977 controls; 
age: 1-14 years 

765 incident cases, 
1,681 controls. 

Data 
collection 

Standardized personal 
interviews in the home 
of child 

Data-based  
Questionnaire, 
interviews by 
telephone 

Variables 

Gender; age; mother’s 
age; father’s age; 
numbers of live births; 
annual household 
income; mother’s 
education; father’s 
education; ethnicity; 
vaccinations; illness 
and infections; 
breastfeeding; 
allergies; 
immunosuppressant 
medication for child; 
vitamins; antibiotics 
for child.

Sex; age; 
consultations; 
numbers of 
consultations; 
antibiotics 
prescriptions; 
common 
infections. 

Gender; mother’s age 
at child’s birth; 
mother’s educational 
level; annual 
household income; 
birth weight; breast-
fed; mother’s 
smoking; day-care 
attendance; history of 
common infections as 
child; ethnicity. 

Mother's 
educational level; 
parental 
professional 
category; place of 
residence at 
diagnosis; mother's 
age at child’s birth; 
number of children 
of age <15 years in 
the household; birth 
order; 
breastfeeding; 
duration of 
breastfeeding; early 
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common infections; 
surgical operation 
for ear-nose-throat 
infections; history 
of allergies; contact 
with animals; farm 
visit before age of 2 
years 

Odds ratio 
and 
relevant 
results 

No association found 
between early 
infections and acute 
leukemia; vitamin use 
was associated with a 
risk of developing 
acute leukemia OR; 
1.66; (95%CI: 1.18-
2.33); with use of 
immunosuppressors 
by child, there was a 
decrease in risk of 
leukemia OR: 0.37; 
(95% CI: 0.16-0.84); 
breastfeeding >6 
months had a 
protective effect 
against development 
of leukemia (p <0.05). 

One or more 
infections in the 
first year of life 
reduced the risk 
of leukemia OR: 
10.5; (95%CI: 0.69-
1.59;  
p = 0.83) and of 
acute 
lymphoblastic 
leukemia OR: 
1.05; (95%CI: 0.64-
1.74; p = 0.84). 
 

When variables were 
evaluated separately, 
both attendance at 
day care at 6 months 
of age and birth order 
reduced the risk of 
leukemia OR: 0.90; 
(95% CI: 0.82-1.00 and 
OR: 0.68; (95% CI: 
0.50-0.92), 
respectively) in a 
white non-Hispanic 
population, but not in 
a Hispanic 
population; however, 
if these children had 
ear infections, then 
the risk of developing 
acute leukemia was 
reduced OR: 0.45, 
(95%CI: 0.25-0.79). 
 

Negative 
associations were 
found for children 
with repeated 
common infections 
OR: 0.7; (95% CI: 
0.6-0.9); with a 
history of asthma or 
eczema OR: 0.7; 
(95% CI: 0.4-1.0) 
and OR: 0.7; (95% 
CI: 0.6-0.9), 
respectively; with 
attendance at day 
care before 1 year of 
age OR: 0.8; (95% 
CI: 0.6-1.1); and 
with prolonged 
breastfeeding OR: 
0.7; (95% CI: 0.5-
1.0). 

Table 2. (cont'd) 
 

Author, 
Year 
(Country) 

Urayama 
et al., 2011 
(USA) 

Design of 
study 

Observational studies 
(1993-2008) 

Size of 
sample 14 case-control study 

Data 
collection 

Searches of Pub Med 
database and 
bibliographies of 
publications.  

Variables NA 

Odds 
ratio and 
relevant 
results 

Attendance at day care 
is associated with a 
reduced risk of acute 
lymphoblastic 
leukemia OR: 0.76; 
(95%CI: 0.67-0.87). 

Table 2. (cont'd) 
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environment in which the child may have been exposed to diverse infectious agents. Such is 
the case of attendance in a day care, taking this as a proxy variable to evaluate said 
infections. Given that in such environment, the child may be in very close contact to those 
with childhood diseases or other common diseases. This close contact would permit the 
child to become ill with greater or lesser ease; at the same time, the child's immune system 
would be stimulated, sooner or later, by such infections (Chan et al., 2002; Dockerty 1999; 
Jourdan-Da et al., 2004; Ma et al., 2005b; Ma et al., 2009; Perillat et al., 2002b; Rosenbaum et 
al., 2000; Urayama et al., 2010, Urayama et al., 2011). 
Urayama et al. performed two epidemiological studies in the USA, one was a case-control 
study (Urayama et al., 2010) and the other, a meta-analysis (Urayama et al., 2011). In the 
meta-analysis, the objective was to evaluate the association between the stay in day care 
during infancy and the risk of developing AL. Specifically, they evaluated whether early 
exposure to infection protected the child from AL, concluding that exposure of a child to 
common infections at an early age reduced the risk of developing AL (OR: 0.76; 95% CI: 
0.67–0.87) (Urayama et al., 2010; 2011). 
Studies carried out by Dockerty et al. (1999), Infante et al. (2000), Jourdan-Da et al. (2004), 
Ma et al. (2005b), and Perillat et al. (2002b) also supported these results. They showed that, if 
a child attends day care at an early age, the risk of developing leukemia is reduced. On the 
other hand, reports have been published that show no association between these infections 
or attendance in day care and the development of AL, or that show that rather than being a 
protective factor these variables are in fact risk factors for developing leukemia. Examples of 
such studies are those of Cardwell (2008), Dockerty (1999), and Neglia et al. (2000). 

3.4 Breastfeeding and acute leukemia. Epidemiological evidence 
Some epidemiological studies have evaluated breastfeeding as a possible protective factor. 
Given that it stimulates the immune response of the child, breast milk should be considered 
as the primary vaccine that the child receives during the first months of life, protecting the 
child from infections during this stage. Breast milk contains IgA antibodies against 
microorganisms and food antigens to which the mother has been exposed; in addition, the 
milk provides the child with immunoglobulins IgG and IgM, which stimulate phagocytosis 
and which prevent contact between microorganisms and epithelial cells of the host. The 
milk also contains B- and T-cell lymphocytes that are converted into lymphopoietic cells 
derived from the thymus and the spleen or equivalent tissue; these lymphocytes synthesize 
antibodies IgA, IgG, and IgM. By protecting the child from infections during the first year of 
life, breast milk can have an impact on the morbidity and mortality caused by diseases. 
Children fed exclusively with breast milk have fewer infections than do those who were 
never breastfed (Field, 2005; Macías et al., 2006; Parker, 2001; Reverón, 1995). 
These epidemiological findings are supported by several case-control studies which showed 
that breastfeeding plays an important role in reducing the risk for developing AL during 
infancy, as breastfeeding can influence the immune response to an infection, modulating the 
system's response to a challenge (Altinkaynak et al., 2006; Bener et al., 2001; Beral et al., 2001; 
Davis, 1998; Field, 2005; Guise et al., 2005; Infante et al., 2000; Ip et al., 2007; Kwan et al., 
2004; Perillat et al., 2002a; Shu et al., 1995, 1999; Stuebe, 2009).  
Meta-analyses of case-control studies have been performed in order to evaluate the role of 
breastfeeding. Guise et al. (2005) performed a systematic review of articles, published in 
different electronic databases, with the aim of evaluating the evidence concerning the effect 
of breastfeeding on the risk of developing childhood AL. These authors reviewed 111 
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citations, of which they identified 32 articles that had access to the complete article. They 
concluded that, in at least half the articles that they reviewed, the results support the idea 
that breastfeeding reduces the risk of developing AL. Kwan et al. (2004) carried out a meta-
analysis in order to quantify the findings concerning duration of breastfeeding and the risk 
of developing ALL and/or AML. They identified 14 case-control studies in which 
breastfeeding that lasted <6 months or >6 months was evaluated. Breastfeeding for >6 
months was found to reduce the risk of developing ALL (OR; 0.76; 95% CI: 0.68–0.84) and 
AML (OR: 0.85; 95% CI: 0.73–0.98); with breastfeeding for <6 months, this reduction was not 
lost. Ip et al. (2007) also performed a systematic review to evaluate this association between 
breastfeeding and AL. They evaluated case-control three studies, the results of which 
showed that breastfeeding for >6 months is associated with a reduction in the risk of 
developing ALL (OR: 0.80; 95% CI: 0.71–0.91). (Guise et. al., 2005; Kwan et al., 2004). 

3.5 Breastfeeding and acute leukemia in children with DS 
Very few studies have evaluated the effect of early infections and breastfeeding in children 
with DS. One such study was carried out by Canfield et al. (2004) in which they evaluated 
the relation between early infections and the development of AL, while also evaluating 
breastfeeding in children with DS. Children with AL diagnosed between January 1997 and 
October 2002 were recruited through the COG. As mentioned in section 2, the sample size 
was 158 children with both DS and leukemia and 173 healthy children with DS as controls. 
For the children with DS who had had infections during the first two years of life, the risk of 
developing AL was reduced (OR: 0.55; 95% IC: 0.33–0.92), as compared to the children who 
had been infection-free during that period (Canfield et al., 2004). 
In contrast, the results of a study carried out in Mexico City in children with DS did not 
support the findings of Canfield. In this study evaluating whether breastfeeding and 
infections during the first year of life demonstrated an association with the development of 
AL in children with DS, it was found that breastfeeding showed a protective effect, while 
early infection showed a factor risk of developing AL (OR: 0.84; 95% CI: 0.43-1.61 and OR: 
1.70; 95% CI: 0.82-3.52, respectively); however, these effects were not statistically significant. 
This study also evaluated hospitalization for these infections. The results showed that if a 
child >6 years of age presented an infection and in addition was hospitalized for said 
infection, the risk for developing AL was increased (OR: 3.57; 95% CI: 1.59–8.05); therefore, 
these results do not support the hypothesis, proposed by Greaves, that infections are a 
protective factor against the development of this disease (Flores et al., 2009).  

4. Conclusions 
The fact that our results agreed with reports in the literature that maternal breastfeeding 
during the first six months of life appeared to be a protective effect in the development of 
AL in children under six years of age should be underscored. The natural practice of 
breastfeeding does not put either the children or their mothers at risk and does not increase 
the expenses for the family or for society; therefore, independent of the strength of the 
mother-child bond that it fosters, breastfeeding should be encouraged as a measure that 
may lower the risk of children suffering AL during the first years of life (Guise et al, 2005). 
However, serious infections appeared to be an important risk factor in the development of 
AL in children over six years of age, especially for children from a low socio-economic 
background. 
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The role of infectious agents involved in these groups should be investigated if these are 
involved in the genesis of AL, above all, in those that occur in children older than six years. 
To date, the study of children with DS, a population with an elevated susceptibility for AL, 
has proved to be a very efficient design in the search for environmental factors associated 
with the development of AL. By using this design in several studies, we have identified 
associations important to the genesis of ALs, even when the sample size was not very large. 
The rationale to continue to use this design is that, if ALs result from the interaction of 
susceptibility to the disease and exposure to different environmental factors, then the search 
for the effect of these environmental factors in a non-susceptible population will always lead 
to erroneous results, because the population not susceptible to ALs will not develop the 
disease no matter how long they are exposed to such environmental factors. This design is 
an effective and efficient tool for use in studies elucidating the epidemiology of AL. 
However these results only apply to one population with like susceptibility for developing 
AL than children with DS. 
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1. Introduction  
Patients with Down syndrome (DS) are at 10- to 36-fold higher risk of developing leukemia 
(Roy et al., 2009). In children with DS aged 4 years or older, acute lymphoblastic leukemia 
(ALL) is the predominant type of leukemia just as it is in the general pediatric population, 
whereas acute myeloid leukemia (AML) is more common than ALL in patients with DS less 
than 4 years of age. Interestingly, acute megakaryoblastic leukemia (AMKL), a rare subtype 
of AML in non-DS patients, comprises 62-86% of AML cases in children with DS (Hitzler, 
2007; Roy et al., 2009), which will be referred to as AMKL-DS hereafter. Furthermore, 
hematological abnormalities that are indistinguishable from AMKL-DS occur in about 10% 
of neonates with DS but spontaneously disappear within several months of life. This 
disorder has been given a variety of names, including transient leukemia (TL), transient 
myeloproliferative disorder (TMD) and transient abnormal myelopoiesis (TAM). In 20-30% 
of patients with TL, AMKL-DS develops later through the stage of myelodysplastic 
syndrome (MDS) within 4 years. These disorders, namely, TL, MDS and AMKL-DS, in 
young children with DS have many unique features and had been considered a disease 
entity that was called “Myeloid leukemias of Down syndrome”, then later renamed 
“Myeloid proliferations related to Down syndrome” in the current World Health 
Organization (WHO) Classification published in 2008. This review summarizes recent data 
on clinical, cellular and molecular biological aspects of these myeloid neoplasms with 
special reference to the origin of neoplastic cells, the organs where they arise and multistep 
model of leukemogenesis. 

2. Transient leukemia (TL) 
2.1 Clinical features  
TL is a disorder of neonates with DS, with median age at diagnosis being 7 days (range, 1-65 
days) (Massey et al., 2006). Clinical manifestations in symptomatic cases include 
hepatosplenomegaly, effusions, bleeding and skin rash, but there are no overt signs of 
symptoms related to TL in other cases. TL is usually found as a result of a routine medical 
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checkup or incidental blood examination performed because of another unrelated illness. The 
patients remain well and the disease gradually disappears within the first 3 months of life in 
most cases without any therapy and the prognosis is generally good. However, severe life-
threatening complications occur in approximately 15% of patients (Hitzler, 2007). These 
include two major forms; 1) liver dysfunction caused by infiltration of leukemic blasts and 
liver fibrosis, leading to progressive obstructive jaundice and liver failure; and 2) 
cardiopulmonary disease, manifesting as hydrops-like symptoms, including pulmonary 
edema, pleural or pericardial effusions and ascites (Zipursky, 2003). Leukemic blasts are 
usually present in the effusions. Other serious complications include hyperviscosity due to 
massive leukocytosis and hepatosplenomegaly that impairs spontaneous respiration. These 
patients with severe complications have benefitted from treatment with low-dose cytarabine 
(Ara-C) (Al-Kasim et al., 2002; Dormann et al., 2004; Klusmann et al., 2008). Furthermore, in 20 
to 30% of patients with TL that has spontaneously regressed, AMKL-DS later develops within 
4 years of life. In rare cases, however, complete regression of TL does not occur and regrowth 
of blasts with acquired additional cytogenetic abnormalities directly leads to AMKL-DS.  
Laboratory investigations usually demonstrate marked leukocytosis with varying 
proportions of circulating blasts (Massey et al., 2006). The bone marrow contains increased 
numbers of blasts but, interestingly, the ratio of blasts in the marrow is often lower than that 
in the peripheral blood, a peculiar finding for AML because the marrow is usually packed 
with blasts when a large number of blasts are present in the blood. This phenomenon is 
considered due to the fetal liver origin of TL, as described below in more detail, and the 
marrow is only secondarily involved by the disease process. The bone marrow may also 
contain dysplastic mature megakaryocytes and exhibit features similar to those of MDS that 
precedes the onset of AMKL-DS (Zipursky et al., 1999). 
TL may occur in utero and cause intrauterine fetal death as a result of non-immune hydrops 
fetalis and cardiac dysfunction due to leukemic cell infiltration into the pericardial or 
cardiac muscular tissues (Zipursky et al., 1996; Heald et al., 2007; Ishigaki et al., 2011) or 
visceral fibrosis (Becroft & Zwi, 1990; Ruchelli et al., 1991; Becroft, 1993). Prenatal diagnosis 
of TL can be made by ultrasonographical detection of hydrops or hepatosplenomegaly 
followed by chromosomal analysis and hematological examination of fetal blood obtained 
by umbilical cord centesis (Gray et al., 1986; Zerres et al., 1990; Foucar et al., 1992; Smrcek et 
al., 2001; Robertson et al., 2003). Accurate estimation of the frequency of TL in fetuses and 
neonates is difficult because stillbirths with TL may be missed due to the low autopsy rate of 
stillbirths, or fetuses with TL may spontaneously recover in utero and because TL in 
neonates without complications may disappear without being noticed. It is roughly 
estimated that TL occurs in about 20% of patients with DS, including about half of those 
dying in utero (Zipursky, 2003), but the true incidence of TL needs to be clarified based on 
prospective population-based studies. TL also occurs in phenotypically normal individuals 
with trisomy 21 mosaicism (Brodeur et al., 1980; Kalousek & Chan, 1987). In these patients, 
leukemic blasts always have trisomy 21, indicating that trisomy 21 is an essential 
prerequisite for TL.  

2.2 Characteristics of leukemic blasts 
Light microscopically, the blasts of TL may be morphologically undifferentiated (Fig. 1a) or 
exhibit features of megakaryoblasts with cytoplasmic blebs, similar to AMKL-DS blasts (Fig. 
1b), or micromegakaryocytes. Although myeloperoxidase (MPO) is negative, flow cytometric 
cell surface marker analysis of blasts demonstrates expression of antigens related to multiple 
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hematopoietic cell lineages, including megakaryocytes (CD41, CD42b, CD61), granulocytes 
(CD13, CD33, CD38), erythroid cells (glycophorin, CD71), stem cells (CD34, CD117) and, in 
addition, certain characteristic lymphoid markers (CD7 and CD56) (Yumura-Yagi et al., 1992; 
Langebrake et al., 2005; Massey et al., 2006). Electron microscopic examination demonstrates 
that the leukemic cells in TL are more heterogeneous than those in AMKL-DS, exhibiting 
features of megakaryoblasts with varying degree of megakaryocytic differentiation (Fig. 2a), 
granulocytic precursors (Fig. 2b), including basophils, and erythroid cells (Bessho et al., 1988; 
Eguchi et al., 1989; Eguchi et al., 1992). The megakaryocytic nature of blasts can be 
demonstrated by the presence of platelet specific granules (α granules), platelet demarcation 
membrane and/or positive reaction for platelet peroxidase (PPO) that is present in the 
perinuclear space and rough endoplasmic reticulum but not in the Golgi apparatus and α 
granules (Fig. 2a). Some blasts may possess peculiar cytoplasmic granules with internal 
membranous structures (Fig. 2a, inset), which are called θ granules because of their 
resemblance to the Greek letter theta (θ) (Bessho et al., 1988; Eguchi et al., 1989; Eguchi et al., 
1992). These structures are known to be present in immature precursors of not only 
megakaryocytic, but also erythroid (Coulombel et al., 1987) and mast cell/basophil (Parkin et 
al., 1980) lineages. Extreme basophilia in a phenotypically normal newborn with TL, whose 
leukemic cells showed a chromosome 21 abnormality, has been reported (Worth et al., 1999). 
These data indicate that the blasts of TL are derived from multipotential hematopoietic 
progenitors, not restricted to megakaryocytic lineage, and are consistent with the multilineage 
differentiation potential of TL blasts seen in vitro as described below (section 2.4 ). 
 

   
Fig. 1. Morphology of leukemia cells in TL and AMKL-DS. (a) Blasts of TL in the peripheral 
blood with primitive morphology. (b) Blasts of AMKL-DS in the bone marrow. Note the 
presence of cytoplasmic bleb (arrow), indicating megakaryoblastic nature. 

By utilizing allele-specific polymorphism of genomic markers that reside on the X 
chromosome and inactivation pattern of one of the X chromosomes in female cells, it has 
been shown that the blasts of TL are monoclonal populations of cells in the majority of cases 
(Kurahashi et al., 1991; Miyashita et al., 1991; Massey et al., 2006), indicating that TL is a 
neoplastic disorder and not a reactive leukemoid reaction, although later works with 
GATA1 gene analysis demonstrated that TL in some cases may contain oligoclonal 
populations of neoplastic cells (see section 4.2). Spontaneous regression of TL does not rule 
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Fig. 2. Electron microscopic appearance of blasts in TL. (a) PPO reaction is positive in the 
perinuclear space (white arrow) and rough endoplasmic reticulum (blue arrow) but not in 
α granules (red arrow) and the Golgi apparatus (yellow arrow), indicating megakaryoblastic 
nature. (Inset) Higher magnification of a θ granule (arrow). (b) A few MPO-positive 
granules are present (arrow) but other organelles are negative for MPO in this cells, 
indicating abnormal, minimal myeloid differentiation. Nu, nucleolus. 
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out the leukemic nature of this disease, since 1) spontaneous regression can be seen in other 
unquestionable malignant neoplasms, such as neuroblastoma in infants; 2) blasts that are 
indistinguishable from AMKL-DS blasts appear in the blood and infiltrate in the tissues; and 
3) TL can be a fatal disorder in severe cases due to tissue infiltration of blasts in major 
organs, such as the liver and heart. Based on these data, in addition to other cellular and 
molecular biological characteristics as described below, TL is now considered a special type 
of preleukemia or a very unusual form of leukemia with self-limiting growth potential. 

2.3 Chromosomal analysis 
Chromosomal abnormalities seen in blasts of TL usually include only trisomy 21 in both 
patients with DS and those with trisomy 21 mosaicism and no other chromosomal 
abnormalities are present in most cases. This is an important point in the differential 
diagnosis of TL from AMKL-DS, which usually shows a variety of clonal chromosomal 
abnormalities (Hayashi et al., 1988). In rare cases, however, abnormalities other than trisomy 
21 are found in TL blasts, including additional chromosomes 12 and 14, deletion of a 
chromosome, der(X;15)(p10;q10), an extra C chromosome and polyploidy with 57 
chromosomes (Zipursky, 2003). These abnormalities usually disappear along with 
spontaneous remission of TL and are usually absent in the blasts of AMKL-DS that has later 
arisen in the same patients and developed other chromosomal abnormalities. However, in 
some cases, they may be present in subsequent AMKL-DS blasts (Kitoh et al., 2009), 
evidence that AMKL-DS develops in some of the clones of TL blasts. 

2.4 Differentiation capability of leukemic blasts 
When TL blasts are cultured in the presence of hematopoietic growth stimulants, such as 
phytohemagglutinin-stimulated leukocyte conditioned medium (PHA-LCM) or 
recombinant hematopoietic growth factors, mature or maturing hematopoietic cells of 
various lineages appear, including basophils, neutrophils, eosinophils, monocytes and 
erythroid cells (Suda et al., 1987). However, it was uncertain whether these cells were all 
derived from TL blasts rather than coexisting normal hematopoietic progenitors in the 
samples examined. We have recently demonstrated that TL blasts are capable of 
differentiating into basophil/mast cell lineages when cultured in the presence of 
interleukin-3, stem cell factor (SCF) or granulocyte-macrophage colony-stimulating factor 
(GM-CSF) (Fig. 3a), and into megakaryocytes in the presence of thrombopoietin (TPO) (Fig. 
3b), by demonstrating that the differentiated cells that appeared after culture carried the 
same GATA1 mutations as the TL blasts did before culture (Miyauchi et al., 2010) (see 
section 4.2). Consistent with these in vitro data, massive increase of basophils in the 
peripheral blood of a patient with TL has been reported (Worth et al., 1999) and another case 
demonstrating pericardial effusion containing predominantly basophils has been described 
(Zipursky et al., 1997). We recently reported pathological findings on autopsy of a stillbirth 
with TL, in which numerous megakaryoblasts and dysplastic megakaryocytes were present 
in the liver and blood vessels, whereas leukemic blasts infiltrating into the peripheral 
tissues, including pericardium, expressed MPO (Ishigaki et al., 2011). These findings are 
consistent with the in vitro data described above and indicate that blasts in TL are not simply 
megakaryoblasts but derived from more primitive hematopoietic progenitors that are 
capable of differentiating into several myeloid lineages in vivo, possibly depending on the 
hematopoietic microenvironment. The differentiation capability of TL blasts into mature 
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blood cells is unique for AML and might be somehow associated with the spontaneous 
remission of this disorder. Although TL blasts express some markers of the erythroid 
lineage and, in fact, erythroblasts at various stages of differentiation appeared in culture of 
TL blasts in the presence of erythropoietin and SCF in combination, these cells expressed 
full-length GATA1 but not aberrant GATA1s protein (see section 4.2) and, therefore, it was 
shown that these differentiated erythroid cells were derived from coexisting normal 
erythroid progenitors (Miyauchi et al., 2010).  
 

 
Fig. 3. Morphology of TL blasts after culture in the presence of hematopoietic growth 
factors. (a) Basophils that appeared in culture with GM-CSF. (b) Mature megakaryocytes 
that appeared in culture with TPO. 

2.5 Origin of leukemic progenitors and association with hematopoietic 
microenvironment 
Although most patients with TL show a favorable prognosis, serious complications develop 
in some cases as described above. While myelofibrosis is one of the characteristic features of 
AMKL-DS (Fig. 4a, b), autopsy cases of patients with TL have demonstrated that these 
patients often exhibit unusual diffuse sinusoidal liver fibrosis (Fig. 4c, d), but not 
myelofibrosis (Becroft & Zwi, 1990; Ruchelli et al., 1991; Miyauchi et al., 1992; Yagihashi et 
al., 1995; Schwab et al., 1998; Shiozawa et al., 2004). It has been shown that leukemic blasts in 
AMKL produce cytokines, including platelet-derived growth factor (PDGF), platelet factor 4 
and transforming growth factor β (TGFβ) that stimulate fibroblasts in the bone marrow 
causing myelofibrosis (Breton-Gorius et al., 1982; Roberts et al., 1986; Sunami et al., 1987; 
Terui et al., 1990). Since blasts in TL have features similar to those of megakaryoblasts in 
AMKL-DS and TL is a disorder of neonates and fetuses, it appears that TL is a very unusual 
form of neoplasia originating from the fetal liver, the major organ of hematopoiesis during 
the fetal stage, and that leukemic blasts that arise in the fetal liver produce cytokines that 
stimulate fibroblasts to induce liver fibrosis in the same manner as myelofibrosis in AMKL-
DS. Proliferation of dysplastic megakaryocytes and blasts, including megakaryoblasts, in the 
liver has been shown in autopsy cases of fetuses with TL (Ruchelli et al., 1991; Becroft, 1993; 
Ishigaki et al., 2011) and production of TGFβ by TL blasts in the liver has been 
immunohistochemically demonstrated (Arai et al., 1999). The presence of unique 
hematopoietic progenitors originating from the yolk sac and fetal liver that are sensitive to 
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GATA1s transgene to cause hyperproliferation of megakaryocytes only during certain fetal 
developmental stages has been demonstrated by experiments using knock-in mice (Li et al., 
2005) (see section 4.2), indicating that these cells are likely the target of leukemic progenitors 
in TL. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 4. Histopathology of the bone marrow and liver in patients with AMKL-DS and TL. (a) 
The bone marrow in a patient with AMK-DS is packed by monotonous blasts, a finding 
consistent with acute leukemia (H-E stain). (b) Silver impregnation staining of the marrow 
demonstrates increase of reticulin fibers (myelofibrosis), which is one of the characteristic 
findings of AMKL. (c) The liver in a patient with TL after regression (H-E stain). 
Perisinusoidal fibrosis is present (yellow arrow) accompanied by marked distortion of 
hepatic cords. Atypical megakaryocytes are also seen (white arrow). (d) Azan stain clearly 
demonstrates perisinusoidal fibrosis of the liver (stained in blue).  

2.6 Mechanism of spontaneous remission  
The mechanism underlying spontaneous remission of TL is largely unknown, but several 
plausible explanations have been proposed. First, if the target cells of origin in TL are fetal 
hematopoietic progenitors of limited lifespan, the growth and differentiation of which are 
governed by genetic mechanisms controlling fetal hematopoiesis, a developmental switch in 
genetic control from fetal to adult hematopoiesis after birth may cease the proliferation of 
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leukemic blasts (“intrinsic theory”) (Ahmed et al., 2004; Li et al., 2005). Second, if TL is an 
unusual form of leukemia occurring in the fetal liver, but not in the bone marrow, and the 
growth of blasts in TL is dependent exclusively on the microenvironment of the fetal liver, a 
transition of the major site of hematopoiesis from the liver to the bone marrow after birth 
and cessation of the hepatic hematopoiesis would prevent the growth of TL blasts and cause 
regression of the disease (“environmental theory”) (Miyauchi et al., 1992; Gamis & Hilden, 
2002; Ahmed et al., 2004). Other possible mechanisms that may also explain spontaneous 
remission of TL include the capability of differentiation of TL blasts (Suda et al., 1987). As 
described above, blasts in TL can differentiate into mature blood cells of at least several 
lineages in vitro and in vivo. According to changes in environmental factors that control fetal 
and adult hematopoiesis after birth, differentiation of TL blasts might be induced, leading to 
cessation of the growth of TL blasts. Self-induced apoptosis of TL blasts possibly mediated 
by increased expression of superoxide dismutase, which has been linked to increased 
apoptosis in DS models and the gene of which is located on chromosome 21, has also been 
proposed as a cause of spontaneous regression (Taub et al., 2004). Further studies are 
required to clarify which hypotheses, alone or in combination, are responsible or whether 
other mechanisms participate in the spontaneous remission of TL.  

3. Megakaryoblastic leukemia in Down syndrome (AMKL-DS) 
3.1 Clinical features  
Patients with DS are susceptible to AMKL, which comprises about 62-86% of AML in DS 
patients (Hitzler, 2007; Roy et al., 2009). Since AMKL is an infrequent subtype of AML in 
non-DS patients, the incidence of AMKL-DS compared to that of AMKL in non-DS patients 
has been estimated to be about 500 times higher. AML in older patients with DS is only 
rarely AMKL, does not demonstrate GATA1 mutations (see section 4.2) and is a disease 
distinct from AMKL-DS.  
AMKL-DS has many unique features compared with AMKL in non-DS patients. First, it 
often occurs in patients with a history of TL within the first 4 years of life after TL has 
resolved or, rarely, during the process of incomplete remission of TL, although cases of 
AMKL-DS without preceding TL have also been documented (Ahmed et al., 2004). Second, 
while AMKL in non-DS is clinically aggressive and the prognosis is poor, AMKL-DS shows 
a very high remission rate and favorable prognosis, with survival probability ranging 
between 70 and 90%, in response to chemotherapy (Hitzler, 2007). The cause of favorable 
prognosis of AMKL-DS is thought, at least in part, to be due to the high sensitivity of 
leukemic blasts to chemotherapy such as Ara-C. Third, AMKL-DS in 20-60% of patients is 
preceded by a prolonged period of cytopenia (usually several months to even years of 
thrombocytopenia) accompanied by proliferation of dysplastic megakaryocytes in the bone 
marrow, which corresponds to the MDS phase, before the onset of AMKL-DS (Zipursky et 
al., 1994). This preceding MDS phase is not present in other forms of AMKL in non-DS 
patients and is unique to AMKL-DS.  

3.2 Common and distinct features of leukemic blasts in AMKL-DS and TL 
Besides the difference in age of onset, there are many other differences as well as common 
features between AMKL-DS and TL. Blasts in AMKL-DS and TL exhibit great similarity in 
cytological characteristics, including morphology, cytochemistry and cell surface antigen 
expression. Blasts in AMKL-DS exhibit megakaryoblastic morphology in both light and 
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electron microscopic observation likewise the case of TL (Fig. 1b). Flow cytometric analysis of 
blasts in AMKL-DS also shows almost identical antigen expression to that of TL blasts, except 
for a somewhat lower expression of CD34 and CD56 in AMKL-DS than in TL. In contrast to 
the blasts of TL, in which trisomy 21 is the sole chromosomal abnormality in most cases, blasts 
in AMKL-DS usually show a variety of chromosomal abnormalities besides constitutional 
trisomy 21, with additional chromosome 8 or 21 being most frequent. Although hepatic 
fibrosis is often seen in TL patients with severe liver dysfunction, fibrosis of the bone marrow 
(myelofibrosis) is one of the characteristic features of AMKL-DS (Fig. 4a, b), indicating that 
AMKL arises in the bone marrow whereas TL may arise in the fetal liver, organs that are the 
major sites of hematopoiesis after and before birth, respectively. In contrast to the benign and 
self-limiting clinical course of TL, AMKL-DS is potentially a lethal disorder, which does not 
exhibit spontaneous remission and requires chemotherapy, although the cure rate and 
prognosis is better than those of AMKL in non-DS patients. GATA1 gene mutations are present 
in nearly all patients with AMKL-DS as in the case of TL (see section 4.2). 

4. GATA1 and its role in leukemogenesis 
4.1 Structure and function of GATA1 
GATA1 is a member of the six GATA family of zinc-finger transcription factors (GATA1 to 
GATA6), which share a highly conserved zinc finger domain that recognizes the consensus 
nucleotide sequence motif (A/T)GATA(A/G) (Cantor, 2005). GATA1 plays important roles 
in hematopoiesis in a lineage-specific manner for erythroblasts, megakaryocytes, mast cells 
and eosinophils. Mutations of the GATA1 gene, which resides on the X chromosome at 
Xp11.23, have been shown to play a critical role in leukemogenesis of DS-related myeloid 
leukemias. The full length GATA1 protein (molecular weight: approximately 50kD) contains 
three well characterized domains; two zinc finger domains (N-terminal and C-terminal zinc 
fingers) and a transcriptional activation domain at the N-terminal portion of the protein 
(Fig. 5). The C-terminal zinc finger is required for DNA binding, while the N-terminal zinc 
finger stabilizes this interaction and mediates interactions with a cofactor Friend of GATA1 
(FOG1) (Tsang et al., 1997). The full-length GATA1 protein is produced by translation from 
methionine at codon 1 (Met1) on exon 2 (n.b., exon 1 is not coding) (Fig. 5). In some type of 
cells, another shorter isoform of GATA1 (molecular weight: approximately 40kD), referred 
to as GATA1s, is physiologically produced in a much smaller amount by alternative splicing 
from Met84 on exon 3 of the full GATA1 mRNA (Calligaris et al., 1995) (Fig. 5). GATA1s 
lacks N-terminal activation domain and has reduced transactivation potential, but it retains 
two zinc fingers and, therefore, can bind DNA and interact with FOG1. GATA1s is 
produced in a variety of cell lines and normal fetal liver and is thought to be important for 
embryonic development. 

4.2 GATA1 gene mutations in TL and AMKL-DS 
Mutations affecting the GATA1 gene in patients were first reported by Wechsler et al. (2002) 
exclusively in leukemic cells of AMKL-DS, and subsequently many groups of investigators 
reported GATA1 mutations in nearly all patients with TL, MDS and AMKL in DS patients 
(Greene et al., 2003; Groet et al., 2003; Hitzler et al., 2003; Mundschau et al., 2003; Rainis et 
al., 2003; Xu et al., 2003). In these reports, the mutations have not been detected either in 
AMKL of non-DS patients or in other types of leukemias in DS patients, indicating that 
GATA1 mutations are specific to TL, MDS and AMKL in DS patients. The mutations include 
a variety of abnormalities, such as nonsense/missense point mutations, deletions, insertions, 
or splice site mutations, which are so diverse as to be clone-specific markers. However, most 
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of these abnormalities are clustered within exon 2 or less commonly in exon 3 (Fig. 5), 
resulting in loss of the first initiation codon (Met1) or disruption of the normal reading 
frame and introduction of a premature termination codon. Since GATA1 gene is located 
on the X chromosome, when the allele harboring mutated GATA1 is active, the other allele 
with wild-type GATA1 is inactivated by methylation in female cells. Therefore, only the 
mutant GATA1 is expressed in both male and female patients. The mutated GATA1 gene 
invariably fails to produce full-length GATA1 and generates only the GATA1s isoform 
lacking N-terminal transcriptional activation domain using an alternative downstream 
initiator codon Met84 on exon 3 (Fig. 5). The other mutation, that is, splice site mutation 
that occurs in the boundary between exon 2 and intron 2 disrupts mRNA splicing and 
generates only shorter splice variant mRNA (GATA1s mRNA), in which exon 2 is 
skipped, and, consequently, only short isoform of GATA1, equivalent to GATA1s, is 
produced (Rainis et al., 2003) (Fig. 5).  
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Fig. 5. Mutations of the GATA1 gene in TL and AMKL-DS. Genomic DNA encoding GATA1 
consists of 6 exons (depicted as boxes and numbered from 1 to 6). The area colored in purple 
are 5’ and 3’ non-coding regions. Physiologically, normal full-length GATA1 protein is 
produced by translation from Met1 on exon 2, whereas GATA1s protein from Met84 on 
exon 3 of full GATA1 mRNA by alternative splicing. Most GATA1 mutations occur on exon 
2 or at exon2/intron2 boundary and all result in the production of only GATA1s, but the 
former by alternative splicing using downstream initiation codon Met84 whereas the latter 
by producing GATA1s mRNA and translation from it. Abbreviations: AD, transactivation 
domain; Nf, N-terminal zinc finger; Cf, C-terminal zinc finger; a.a., amino acid.  



Unique Myeloid Leukemias in Young Children with Down Syndrome:  
Cell Origin, Association with Hematopoietic Microenvironment and Leukemogenesis 117 

GATA1 mutations are not detected at the stage of remission in either TL or AMKL-DS 
(Rainis et al., 2003; Ahmed et al., 2004), indicating that the mutations are acquired somatic 
events. Accumulated data suggest that GATA1 mutations occur in utero: 1) since TL is a 
disorder of neonates and almost certainly arises in utero, GATA1 mutations that are 
present in almost all cases of TL should also occur in utero; 2) exactly the same mutations 
have been identified in the blasts of AMKL-DS in identical twins (Rainis et al., 2003), 
indicating that abnormal cells with GATA1 mutations arose in one of the twins during the 
fetal stage and transferred to the other twin via anastomosing blood vessels in the 
placenta; 3) the same GATA1 mutations have been detected in the neonatal blood spots of 
patients with AMKL-DS, who did not have clinically overt antecedent TL (Ahmed et al., 
2004); 4) GATA1 mutations have been detected in neonatal blood spots from 2 of 21 
otherwise healthy DS children but not from non-DS cord blood samples (Ahmed et al., 
2004); and 5) GATA1 mutations have been detected in genomic DNA from 2 of 9 fetal liver 
and 2 of 5 infantile bone marrow autopsy specimens from patients with DS (Taub et al., 
2004). Thus, GATA1 mutations appear to occur in utero, if not in all cases, at relatively 
high frequency and specifically in patients with DS.  
Although TL and AMKL-DS are typically disorders consisting of monoclonal population of 
cells carrying a single type of GATA1 mutation, there have been reports of cases of TL and 
AMKL-DS with multiple independent clones with different GATA1 mutations in single 
patients (Ahmed et al., 2004; Groet et al., 2005; Miyauchi et al., 2010). In one of four AMKL-
DS patients with multiple GATA1 mutations, neonatal blood spot showed 3 independent 
mutations but only one of these was present in AMKL-DS blasts (Ahmed et al., 2004), 
indicating that AMKL-DS had evolved from one of these oligoclonal cells with different 
GATA1 mutations that had occurred in utero. Similarly, evolution of AMKL-DS from one of 
the oligoclonal populations of TL blasts with different chromosomal abnormalities after 
regression of TL has been demonstrated (Kitoh et al., 2009). While identical mutations 
between the blasts in TL and AMKL-DS that occurred later in the same patient have been 
reported by several investigators (Wechsler et al., 2002; Hitzler et al., 2003; Rainis et al., 2003; 
Shimada et al., 2004), different mutations between the blasts of TL and subsequent AMKL in 
the same patient have also been reported (Xu et al., 2006b; Kanegane et al., 2007). In the 
patient of Xu et al., however, although predominant clones of TL and AMKL-DS were 
different, a minor clone of TL with GATA1 mutation identical to that of AMKL-DS was 
present. Taken together, it appears highly likely that AMKL-DS evolves from a minor clone 
(or multiple clones in some cases) of TL blasts that have persisted after regression, or from 
one or multiple silent clones of cells with GATA1 mutations that have not expanded to 
develop into clinically detectable TL but survived persistently in the body, possibly in the 
bone marrow. 

4.3 The role of GATA1 and GATA1s in TL and AMKL-DS 
Since high expression of GATA1s and abrogation of full-length GATA1 is the invariable 
result of the GATA1 gene mutations, increased GATA1s and/or loss of full-length GATA1 
protein must play a crucial role in leukemogenesis in both TL and AMKL-DS, possibly 
through altered interaction with their partner proteins. Since GATA1s has a reduced 
transactivation potential due to the lack of an N-terminal activation domain but can bind 
DNA and interact with the cofactor FOG1 via zinc finger domains, its role as a dominant 
negative protein, which fails to activate or repress the function of proteins that are normally 
regulated by GATA1, has been proposed (Gurbuxani et al., 2004). Alternatively, since 
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normal GATA1 protein binds to RUNX1, which is an important megakaryopoietic regulator  
encoded by the RUNX1 gene that resides on chromosome 21, and the binding site has been 
shown to be located at the N- and C-terminal portions of GATA1 (Elagib et al., 2003), 
GATA1s lacking an N-terminus may cause abnormal growth and/or differentiation of 
neoplastic cells involving the megakaryocytic lineage through defective biding to RUNX1. 
However, the site on GATA1 that binds to RUNX1 is controversial; it has been shown that 
GATA1 interacts with RUNX1 through zinc fingers, but not the N-terminal portion (Waltzer 
et al., 2003), and that GATA1s of all patient samples examined bound to RUNX1 through 
zinc finger domains (Xu et al., 2006a). The role of RUNX1 in leukemogenesis of DS-related 
leukemias needs to be further determined. We have recently shown that the expression level 
of GATA1s decreases during the process of growth factor-induced differentiation of TL 
blasts in vitro, indicating that GATA1s may act as a repressor of the GATA1-related proteins 
that induce differentiation and that the protein level of GATA1s changes depending on the 
cellular circumferential conditions and may be a key factor that influences the growth and 
differentiation of TL blasts (Miyauchi et al., 2010). Consistent with this finding, it has been 
described that expression of GATA1s is decreased in vivo in murine mature megakaryocytes 
carrying a GATA1 mutation that results in the production of GATA1s equivalent to the 
protein products of GATA1 mutations in DS-related leukemias (Majewski et al., 2006). 
Kanezaki et al. (2010) showed that protein levels of GATA1s in TL blasts differ depending 
on the sites of mutations and its quantitative differences are significantly associated with 
patient prognosis and the risk of developing AMKL-DS. These data suggest that protein 
levels of GATA1s may also be important in the biology of DS-related leukemic cells. 
Experiments using mouse models with various GATA1 gene alterations have shown that the 
presence of full-length GATA1 is crucial in fetal development, particularly for 
megakaryocyte and erythroid lineages. Complete absence of GATA1 in male mice (GATA1 
null mice) results in embryonic lethality due to severe anemia (Fujiwara et al., 1996). 
Reduced expression of GATA1 in GATA1.05 mice, in which GATA1 expression is reduced 
to less than 5% of the normal level, also causes embryonic lethality in male hemizygous and 
female homozygous mice, whereas female heterozygous mice survive the fetal stage but 
develop hematological abnormalities similar to MDS and die prematurely (Takahashi et al., 
1997; Takahashi et al., 1998). Another mouse strain (lineage-selective GATA1 knock-out 
mouse), in which GATA1 expression is virtually absent from megakaryocytes, exhibits 
marked thrombocytopenia and morphologically abnormal megakaryocytes with impaired 
cytoplasmic maturation proliferate and accumulate in the spleen and bone marrow 
(Shivdasani et al., 1997). Abnormal proliferation of megakaryocyte/erythroid progenitors in 
GATA1-deficient murine embryonic stem cell-derived hematopoietic cultures has also been 
described (Stachura et al., 2006). Thus, loss of normal full-length GATA1 might also play an 
important role in leukemogenesis of TL and AMKL-DS. However, the extent to which the 
leukemic phenotype is due to the loss of full-length GATA1 versus high expression of 
GATA1s remains to be explored. 

5. Multistep model of myeloid leukemogenesis in children with DS 
Based upon the data described above, a multistep model of leukemogenesis of myeloid 
leukemias in children with DS has been proposed (Ahmed et al., 2004; Gurbuxani et al., 
2004; Cantor, 2005; Hitzler & Zipursky, 2005; Hitzler, 2007; Roy et al., 2009; Zwaan et al., 
2010) (Fig. 6). TL and AMKL-DS are disorders closely associated with DS, and although they 
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rarely occur in phenotypically normal patients with trisomy 21 mosaicism, trisomy 21 is 
always present in all leukemic cells of such patients, indicating that trisomy 21 must be the 
prerequisite of these disorders. Several mouse models of DS have been developed, which 
can be used to explore the important dose-dependent genes that are involved in DS-specific 
disorders and study the pathology of model mice in comparison with human DS patients. 
These model mice include Ts65DN, Ts1Cje (Carmichael et al., 2009) and Tc1 (Alford et al., 
2010) mouse strains, that are trisomic for 143, 94 and 269 gene orthologues, respectively, of 
324 recognized genes on human chromosome 21, with the Tc1 strain representing the most 
complete model of human DS generated to date. These mice all show macrocytic anemia 
and some of these mouse strains show increased numbers of megakaryocytic and erythroid 
precursors in the adult spleen and develop myeloproliferative disorder in adults. However, 
none of these mouse strains develop TL and AMKL, indicating that additional genetic 
abnormalities are required to cause leukemia. In humans as well, trisomy 21 itself has been 
shown to disturb fetal liver, but not bone marrow, hematopoiesis, enhance production of 
megakaryocyte/erythroid progenitors (MEPs), which may be susceptible to acquisition of 
other genetic abnormalities, and predispose these cells to DS-related leukemias (Chou et al., 
2008; De Vita et al., 2008; Tunstall-Pedoe et al., 2008). These data support the model that the 
genes on chromosome 21 play essential roles in the development of these disorders and 
trisomy 21 is the first step of myeloid leukemogenesis in DS.  
The genes RUNX1 (alternatively called AML1), BACH1, ETS2 and ERG, all of which are 
located on chromosome 21 and are associated with megakaryopoiesis, have been suggested 
to be the candidate genes involved in leukemogenesis of TL and AMKL-DS (Ahmed et al., 
2004; Gurbuxani et al., 2004; Cantor, 2005; Hitzler & Zipursky, 2005; Osato & Ito, 2005; 
Hitzler, 2007; Roy et al., 2009; Zwaan et al., 2010). Translocations and point mutations of 
RUNX1, leading to loss of function or haploinsufficiency (namely, reduced expression) of 
RUNX1, have been detected in a variety of human leukemias and are thought to be involved 
in leukemogenesis (Yamashita et al., 2005). Alternatively, increased dosage of expression of 
these genes due to trisomy 21 has also been suggested to be another mechanism of 
leukemogenesis (Yanagida et al., 2005). However, expression levels of RUNX1 are not 
necessarily increased in all tissues in patients with DS or DS model mice (Osato & Ito, 2005); 
therefore, the above theory regarding RUNX1 requires further verification. ERG has been 
shown to be expressed in AMKL-DS, strongly cooperate with GATA1s and immortalize 
megakaryocytic progenitors (Salek-Ardakani et al., 2009), indicating that ERG in trisomy 21 
may play a role in the development of DS-related leukemias. It has been shown recently that 
miR-125b-2, a microRNA (miRNA) that is located on chromosome 21, is upregulated in the 
samples of patients with TL and AMKL-DS and that its overexpression stimulates 
proliferation and self-renewal of megakaryocytic progenitors and MEPs and accentuates 
proproliferative effects of GATA1s on MEPs in murine fetal liver, indicating that miRNAs 
related to chromosome 21 might also participate in leukemogenesis in patients with DS 
(Klusmann et al., 2010). The role of the genes or miRNAs on chromosome 21 in DS-related 
leukemogenesis would be the major concerns in future studies.  
The second step is most likely the acquisition of GATA1 mutations in hematopoietic 
progenitor cells (Fig. 6), since it has been demonstrated that 1) GATA1 mutations are present 
exclusively in the blasts of TL and AMKL-DS in nearly all patients; 2) these are acquired 
somatic mutations; and 3) these mutations occur in utero. Furthermore, it has been reported 
that a germline splicing mutation of GATA1, leading to synthesis of only GATA1s, caused 
anemia and neutropenia but not leukemia in seven affected males from two generations of a 
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family, indicating that a GATA1 mutation alone may cause hematological abnormalities but 
requires trisomy 21 to cause TL or AMKL (Hollanda et al., 2006). However, it is of note that 
N-terminally truncated GATA1 mutant in a non-DS-model mouse caused massive 
accumulation of megakaryocytes in the fetal liver that spontaneously resolved after birth, 
similar to TL in humans, indicating that a GATA1 mutation alone may cause TL-like 
megakaryocytic hyperproliferation in mice (Shimizu et al., 2009). 
The target cells of GATA1 mutations are likely to be embryonic or fetal primitive 
hematopoietic progenitor cells with multilineage differentiation potential. With the 
acquisition of GATA1 mutations, these cells would give rise to oligoclonal or monoclonal 
populations of neoplastic cells in the fetal liver (Fig. 6). The large clone(s) may develop into 
TL and cause hepatic fibrosis and dysfunction through the production of collagen-
stimulating cytokines or infiltrate into the tissue, causing cardiac failure or hydrops fetalis. 
GATA1 mutations in cooperation with trisomy 21 may cause TL but they should be 
insufficient to immortalize the blasts, leading to spontaneous remission before or after birth 
through unknown mechanism(s).  
 

 
Fig. 6. Multistep model of myeloid leukemogenesis in young children with DS.  

It is plausible that minor clones of residual TL blasts or clinically silent neoplastic 
hematopoietic progenitor cells that have obtained GATA1 mutations but have not caused TL 
could survive latently during postnatal life and, with the acquisition of additional genetic 
abnormalities as the third step, would cause AMKL-DS through the stage of MDS in the 
bone marrow (Fig. 6). Although trisomy 8, altered telomerase activity (Holt et al., 2002), and 
mutations in several genes, including TP53 (Malkin et al., 2000; Hirose et al., 2003), KIT, MPL 
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and FLT3 (Malinge et al., 2008), have been identified in some patients with AMKL-DS, 
genetic abnormalities that cause evolution of AMKL-DS from those latent clones of cells 
with GATA1 mutations are largely unknown. Several recent studies have shown activating 
mutations of the Janus kinase 3 (JAK3) gene, which encodes for a non-receptor tyrosine 
kinase, in some patients with TL and AMKL-DS (De Vita et al., 2007; Kiyoi et al., 2007; 
Klusmann et al., 2007), but these mutations were present in both TL and AMKL-DS and, 
therefore, are not likely involved in disease progression from TL to AMKL-DS. Concerning 
the evolution of AMKL-DS, Kanezaki et al. (2010) have recently demonstrated that the 
expression levels of GATA1s protein are associated with the type of GATA1 mutations in 
TL; low expression of GATA1s is caused by mutations introducing premature termination 
codon (PTC) at the 5’ side of exon 2 or after codon 84 on exon 3 whereas high expression of 
GATA1 is associated with mutations causing loss of the first methionine, splicing error or 
introduction of PTC at the 3’ side of exon 2, and that GATA1s low mutations in TL are 
significantly associated with higher risk of developing AMKL-DS. The mechanism by which 
AMKL-DS evolves from minor clones of cells with GATA1 mutations is currently one of the 
main areas of research in DS-associated leukemias. 

6. Conclusion 
Young children with DS are predisposed to unusual leukemias of myeloid origin, namely, 
TL and AMKL-DS. In contrast to the transient nature of the former, which places it in a 
category of preleukemia or “unusual” leukemia, the latter is an authentic leukemia leading 
to a lethal outcome unless treated. Nevertheless, these disorders are closely linked to each 
other by many common cellular morphological as well as cytogenetic features, including 
trisomy 21 and GATA1 gene mutations, and share a distinct pathogenetic basis. Recent 
investigations have demonstrated much of molecular basis of these disorders and 
contributed to the proposal of an attractive model of a stepwise leukemogenic process of 
these disorders. This new model is expected to suggest many directions for future studies on 
not only DS-related leukemias but also pediatric leukemias in general. 
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1. Introduction 
Down syndrome (DS) is the most common chromosomal abnormality, with an incidence of 
approximately 1 per 500 to 800 live births (Egan et al., 2004). DS is associated with an 
impairment of cognitive ability and physical growth, and a particular set of facial 
characteristics. Moreover, about 50% of all people with DS suffer from a congenital heart 
defect and DS patients are more prone to develop serious illnesses such as Alzheimer’s 
disease, leukaemia and epilepsy. These factors all contribute to a shorter life expectancy.  
For decades, people developed methods to prenatally diagnose DS. In this chapter an 
overview is given of non-invasive screening methods for DS. The research described in this 
chapter was performed at the Dutch National Institute for Public Health and the 
Environment (RIVM). The RIVM acts as the reference laboratory for DS screening in the 
Netherlands and processes over 10,000 first-trimester combined tests per year. The RIVM 
therefore possesses an extensive collection of sera of pregnant women carrying a foetus with 
DS and other congenital abnormalities. For our scientific studies, serum samples from this 
large database were used. The aim of our research was to identify new biochemical 
screening markers using proteomics techniques to improve the performance of the current 
DS screening. 

2. Down syndrome screening 
2.1 A historical perspective of Down syndrome 
An accurate phenotypic description of Down syndrome (DS) was published by John 
Langdon Down in 1866 (Down, 1866). Following descriptions of Esquirol and Séguin 
(Esquirol, 1838, Séguin, 1846), who wrote about phenotypic differences between mentally 
retarded humans, Down was the first to make the distinction between the phenotype which 
is now called DS and other disorders. He made this distinction based on an ethnic 
classification in which he discerned four types; the Ethiopian type, the Malay type, the 
American type and the Mongolian type (Down, 1866). Down noticed that the ‘mongolism’ 
occurred in more that 10% of all mentally retarded children and that it was always 
congenital. 
At the end of the 19th century, the principle of inheritance was explained by the discovery of 
chromosomes in living organisms. In 1909, Morgan and colleagues began to study the 
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chromosomes of Drosophila (fruit flies), which were very suitable for genetic studies because 
they bred quickly and only have four chromosomes. During their experiments it was, 
among others, discovered that occasionally Drosophila possessed three sex chromosomes 
instead of two showing a pattern of XXY or XYY, an abnormality which they called ‘trisomy’ 
(Morgan et al., 1925, Morgan et al., 1915). Since this trisomy occurred when two copies of a 
chromosome failed to disjoin properly, it was described as non-disjunction.  
Somewhat later, in the 1930s, two researchers independently linked non-disjunction to DS. 
Waardenburg stated that, due to the extended clinical features of humans with DS, the 
syndrome might very well be caused by something as complicated as a chromosomal 
disorder (Waardenburg, 1932). Bleyer proposed that DS occurs with fertilization or has 
already occurred before, during the period of maturation of the ovum or spermatozoon 
(Bleyer, 1934). Therefore, he thought that a chromosomal abnormality such as non-
disjunction was most likely to cause DS. 
Finally, in 1959, a few years after it had been established that human tissues normally 
contain 46 chromosomes, Lejeune and Jacobs independently discovered the presence of an 
extra chromosome in children with DS (Jacobs et al., 1959, Lejeune et al., 1959). Lejeune 
suggested, principally based on the Drosophila research, that the presence of an extra 
chromosome could well be explained in terms of non-disjunction. As individual 
chromosomes were identified, it appeared that the extra chromosome in DS was always the 
21st chromosome. Therefore, DS was since then referred to as trisomy 21.  

2.2 Prenatal screening for Down syndrome 
The discovery of a trisomy of chromosome 21 as the underlying cause for DS and the 
possibility to perform a chromosome analysis on amniotic fluid allowed for the prenatal 
diagnosis of DS (Valenti et al., 1968).  
In 1966 the first chromosome analysis of amniotic fluid was performed (Steele and Breg, 
1966). This development allowed for the prenatal detection of DS, which was first achieved 
in 1968 (Valenti et al., 1968). The relationship between the risk of having a child with DS and 
advanced maternal age had been known for a long time (Penrose, 1933, Shuttleworth, 1909). 
A statistical estimation of this relationship is shown in figure 1. Because of an increased risk 
of DS, in many countries women above a certain age (usually above 35-38 years) were 
offered prenatal diagnosis by means of amniocentesis.  
In 1972 it was discovered that very high levels of alpha fetoprotein (AFP) were present in 
the amniotic fluid of women carrying a child with a neural tube defect (NTD) (Brock and 
Sutcliffe, 1972). Two years later the association between high AFP levels and NTD was also 
seen in second trimester maternal serum samples (Brock et al., 1974, Wald et al., 1974), 
allowing for a non-invasive screening method for NTD (Wald et al., 1977). Again a few years 
later, in 1984, it was found that, in contrast to the elevated AFP levels in NTD pregnancies, 
decreased maternal serum levels of AFP in the second trimester of pregnancy could be 
linked to DS (Cuckle et al., 1984, Merkatz et al., 1984). This meant that prenatal screening for 
NTD could be extended with the screening for DS. This way, women of advanced maternal 
age could now be offered a screening test before opting for an invasive amniocentesis that 
bears a certain risk of miscarriage (Eddleman et al., 2006, Odibo et al., 2008). 
The discovery of AFP as a second trimester screening marker for DS triggered researchers to 
look for other potential screening markers to even further improve the prenatal detection by 
screening. In 1987, two new screening markers were presented. Maternal serum levels of 
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human chorion gonadotropin (hCG) were shown to be, on average, higher in DS 
pregnancies (Bogart et al., 1987) while levels of unconjugated estriol (uE3) were mostly 
decreased in DS (Canick et al., 1988). A year later, Wald and colleagues reported on a new 
method of screening using the three biochemical markers (AFP, hCG and uE3) together with 
maternal age as parameters in a single test (Wald et al., 1988). This test became known as the 
‘triple test’. With the triple test 60% of all DS cases could be prenatally detected at a 5% false 
positive rate (FPR) (Wald et al., 1988), which was a significant improvement compared to 
the detection of the previous screening method based on maternal age and AFP only 
(Cuckle et al., 1984). The triple test became increasingly popular as a screening test for DS 
and started to be carried out routinely in several countries. The most optimal cut-off risk for 
the screening was calculated to be 1 in 250 (Baumgarten, 1985). During the early 1990s, the 
triple test was adjusted by the replacement of hCG with the free beta subunit of hCG (fβ-
hCG) (Macri et al., 1990, Ryall et al., 1992). Moreover, in 1996, inhibin-A was found to 
contribute to the current triple test (Wald et al., 1996) and with the addition of inhibin-A the 
‘quadruple test’ was conceived.  
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Fig. 1. The relationship between maternal age and the risk of having a child with Down 
syndrome based on data from Cuckle et al. (Cuckle et al., 1987). 

In the meantime the focus of prenatal screening for DS shifted more towards the first 
trimester of pregnancy. This development was in part due to the applicability of chorionic 
villus sampling, a technique that allows for karyotyping already in the first trimester. Thus, 
it became possible to detect DS earlier in pregnancy, what subsequently allowed for earlier 
termination of pregnancy. On the other hand, first trimester screening would not include 
screening for NTD. However, advanced ultrasound techniques were developed promising 
high detection rates for NTD in the second trimester.    
Except for fβ-hCG (Spencer et al., 1992), the parameters in the current triple test did not 
perform well in the distinction between DS and euploid pregnancies in the first trimester. 
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So, to come up with a proper test, new first trimester screening markers were necessary.  In 
1991, it was found that maternal serum pregnancy associated plasma protein-A (PAPP-A) 
was reduced about 50% in DS pregnancies (Brambati et al., 1993). Besides PAPP-A, more 
potential markers were studied (e.g. SP1 (Kornman et al., 1998) and CA125 (Van Lith et al., 
1993)), but none of those turned out to be worth adding to the screening test. The search for 
DS screening markers was not limited to biochemical markers; an enlarged nuchal 
translucency (NT) on a first trimester ultrasound scan also turned out to be predictive for DS 
(Nicolaides et al., 1992, Pandya et al., 1994). Combining these three screening markers (fβ-
hCG, PAPP-A and NT) with maternal age, using a risk calculation method similar to that of 
the triple test, originated the ‘first trimester combined test’ (Wald and Hackshaw, 1997). 
Over the years, numerous studies have been published showing that with the first trimester 
combined test approximately 85-90% of all DS cases could be detected at a 5% FPR (Jaques et 
al., 2007, Nicolaides et al., 2005, Spencer and Nicolaides, 2003, Valinen et al., 2007, 
Wojdemann et al., 2005). 
Under strict guidelines issued by the Dutch Centre for Population Research the first-
trimester screening policy for DS was fully implemented in the Netherlands as of January 1, 
2007. Since then, all pregnant women are offered such prenatal screening for DS, but the 
uptake of the test is only 23% (Schielen et al., 2008), which is rather low as compared to 
other countries. The detection rate (DR) of DS screening in the Netherlands is currently 76% 
(Wortelboer et al., 2009a).  

3. Proteomics techniques to identify new screening markers for Down 
syndrome 
The development of methods for DS screening has so far mainly been based on 
coincidences. The screening really is a spin-off of the neural tube defect (NTD) screening, 
and the most effective markers were discovered by fishing expeditions, not by thorough 
analysis of the causal relationship of genes on chromosome 21 and foetal or placental 
proteins that are likely to cause an excess or shortage in maternal serum as a result.  
A proteome is the entire complement of proteins including the modifications made to a 
particular set of proteins, produced by an organism or system. Proteomics is the field of 
research that aims at examination of the proteome in a certain tissue, cell type or body fluid 
at a certain time point. A plethora of emerging methodological tools allows for the study of 
proteins, e.g. their quantity, cellular location and post-translational modifications. 
Understanding the proteome, the structure and function of each protein, and the 
complexities of protein-interactions during a DS pregnancy may help in the search for 
additional biomarkers for current first-trimester DS screening. 
Our proteomics research consists of three phases (figure 2): i) the discovery of new 
biomarkers for first-trimester DS screening, ii) the feasibility and validation of proteomics 
techniques to analyze multiple markers simultaneously, iii) the implementation of a cost-
effective assay for large-scale screening programmes. 
The presence of an extra chromosome in DS not only leads to anomalies of the foetus, but 
also of the placenta. In human trophoblast cells, the excess of oxygen radicals produced 
during oxygen metabolism are eliminated by natural antioxidants and superoxide 
dismutase (SOD). The gene responsible for this reaction is Zn-SOD and is encoded by 
chromosome 21. SOD expression and protein levels and activity are significantly higher 
(about 50%) in trophoblast cells from DS placentas (Pidoux et al., 2004). Over-expression of  
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Fig. 2. Three phases of proteomics research for DS screening described in this chapter. 

SOD hampers normal trophoblast formation; DS trophoblast cells cannot fully compensate 
for the reduced oxidative stress resulting in placental abnormalities. DS placentas show 
signs of impaired differentiation, aggregation and fusion of their trophoblast cells. This 
could lead to undervascularisation, hypotrophy and cell apoptosis of the placenta already in 
the first trimester of pregnancy (Koster et al., 2010a). As a result of these pathological 
changes deregulation and/or differential expression occurs for proteins, e.g. cytokines and 
growth factors, involved in implantation and placental development (Bromage et al., 2000, 
Vesce et al., 2002). This may cause an increased or decreased placental expression of 
biological markers (hormones and proteins). PAPP-A and fβ-hCG, currently used as DS 
screening markers in the first-trimester combined test, are such markers. PAPP-A is a 
protein which is thought to be an important regulator of IGF bioavailability and cell growth 
(Giudice et al., 2002) and fβ-hCG is a subunit of total hCG, which is the most important 
hormone involved in early pregnancy and provides for the maintenance of the corpus 
luteum and of pregnancy (Stenman et al., 2006). Based on this knowledge the differential 
expression of other placenta derived proteins, given that it is traceable in maternal blood, 
could be used in the search for new screening markers. 
In the discovery phase of our research, an extensive review of the literature was carried out 
to study normal placental development and function during early pregnancy (Koster et al., 
2010a). Using this knowledge, candidate biomarkers were proposed which may be useful in 
screening for DS. Current screening markers for DS indeed mainly originate from the 
placenta, but can also be traced to the foetal liver, e.g. alpha-fetoprotein (AFP). It is therefore 
hypothesized that new screening markers may also originate from these tissues. However, a 
prerequisite of a good screening marker is that concentrations of a protein are detectable in 
maternal serum. The amount of information on genes and proteins in public databases is 
increasing rapidly, which allows for a bioinformatics approach that involves automated 
collection and combination of information from biological databases, known as data mining. 
A bioinformatics approach was developed to use data from the literature on genes and 
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protein expression and data-textmining tools. This way, a list of 49 potential DS screening 
markers was generated (Pennings et al., 2009). The list included three biomarkers that are 
already used for DS screening (AFP, fβ-hCG and PAPP-A) and several others, among which 
proteins that have been examined as potential biomarkers before. Furthermore, there was a 
large overlap between the proposed screening markers based on the literature review and 
the data mining (table 1). 
Biomarker discovery research within our proteomics project also included the use of mouse-
models for biomarker identification (Pennings et al, 2011). Breeding healthy female mice and 
male transgenic mice with DS (type Ts(16C-tel)1Cje; The Jackson Laboratory, Bar Harbor, 
ME, USA) produces healthy females pregnant with, on average, 50% DS embryos. Blood 
was drawn from the pregnant mice during the first trimester, for the identification of 
potential screening markers in maternal serum. Then, the pregnancy was terminated and 
the placenta and foetal organs were collected. Gene profiles were analyzed using a whole 
genome microarray approach to study the difference between DS and unaffected siblings. 
Genes that showed over- or underexpression in the placentas of DS foetuses were C2cd2, 
Dyrk1a, Ifnar2, Morc3, Sfrs15, Sod1, Tmprss2, Fgfbp3. Ongoing research focuses on the 
serum detectability of these gene products, and their potential as a biomarker for DS 
screening in human serum. 
We continued our search for potential screening markers by examining the proteins that 
have been suggested as first-trimester screening markers for aneuploidies in international 
studies. One of those markers is placental protein 13 (PP13) which plays an important role in 
the implantation and modelling of foetal-maternal blood spaces between placenta and 
endometrium. PP13 is produced by the placenta, which is hampered in trisomic 
pregnancies, and was found to be decreased in DS pregnancies and, to greater extent, in 
trisomy 18 and 13 pregnancies (Akolekar et al., 2010, Koster et al., 2009b). Serum 
concentrations of a disintegrin and metalloprotease 12 (ADAM12) and placental growth 
factor (PlGF) are also decreased in DS pregnancies (Wortelboer et al., 2009b, Zaragoza et al., 
2009). Total hCG (thCG), which is a screening marker for DS in the second trimester of 
pregnancy, is increased in maternal serum from first-trimester DS pregnancies (Hallahan et 
al., 2000). However, when these four markers were added to the current first-trimester 
combined test algorithm the DR increased by only 3% (table 2a) (Koster et al., 2010d).  
These studies show that the predictive power of maternal serum markers is not constant 
during the first trimester. For three markers (PAPP-A, ADAM12 and PP13) the difference 
between DS and unaffected pregnancies is more distinct early in the first trimester (before 11 
weeks), while for the remaining markers (fβ-hCG, thCG and PlGF) the difference is more 
pronounced later on (after 11 weeks) (Kuc et al., 2010). Based on this knowledge, it would be 
useful to draw two separate blood samples (a so-called two-sample combined test) to 
increase the DR of first-trimester screening to almost 90% at a 5% FPR, which is obviously a 
tremendous improvement compared to the DR of the current screening program (table 2b). 
On the other hand, adding new markers to the screening test and taking an extra blood 
sample bears extra costs and complicates the logistic process of first-trimester screening. A 
cost-effectiveness analysis is therefore necessary to evaluate the potential of such a two-
sample first-trimester screening setting.  
A more experimental proteomics approach was carried out by analyzing 90 different 
proteins from a pre-existing non-pregnancy-specific bead-based multiplexed immunoassay. 
By comparing the protein concentrations in a small cohort of DS and control sera, seven  
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Marker Description Function Potential

* Involved in proteolysis, adhesion, fusion and 
intracellular signalling  
* Interacts with IGF binding proteins
* Promotes differentiation and prevents apoptosis in 
trophoblasts
* Involved in trophoblast invasion and proliferation 

* Glycoprotein hormone that consists of a common α 
subunit and a unique β subunit
* Stimulates the ovaries to synthesize steroids to 
maintain pregnancy
* Involved in trophoblast differentiation and cell 
aggregation
* Member of the somatotropin/prolactin family that is 
expressed mainly in the placenta
* Plays an important role in growth control

IGF-1 Insulin-like growth factor 1 * Regulates placental growth and transport, 
trophoblast invasion and placental angiogenesis

examined

IGF-2 Insulin-like growth factor 2 * Has large effects on cell proliferation and 
differentiation 

examined

* Bind both IGF I and II
* Restrict trophoblast invasion  

IGFBP-2 Insulin-like growth factor binding protein 2 * Stimulate trophoblast cell migration and invasion  examined

IGFBP-3 Insulin-like growth factor binding protein 3 * Regulate IGF bioavailability and cell growth examined
IGFBP-4 Insulin-like growth factor binding protein 4 unknown
IGFBP-5 Insulin-like growth factor binding protein 5 unknown
IGFBP-6 Insulin-like growth factor binding protein 6 unknown
IGFBP-7 Insulin-like growth factor binding protein 7 unknown

* Involved in angiogenesis, growth and 
immunomodulation
* Regulation of foetal and uterine metabolism
* Involved in extracellular matrix degeneration in 
embryonic development, reproduction and tissue 
remodelling
* Play a role in endometrial menstrual breakdown, 
regulation of vascularization and the inflammatory 
response  

MMP-9 Matrix metallopeptidase 9 (gelatinase B) * Regulate several growth factors and cytokines unknown

* Cleaves IGFBPs
* Important regulator of IGF bioavailability and cell 
growth 
* Member of the somatotropin/prolactin family that is 
expressed mainly in the placenta  
* Plays an important role in growth control.  
* Has a key role in the control of IGF-1 levels
* Mainly involved in angiogenesis
* Has an autocrine function in regulating trophoblast 
function 
* Binds copper and zinc ions
* Responsible for catalyzing free superoxide radicals 

* Inhibits cytotrophoblast migration
* Decreases trophoblast proliferation
* Increases formation of placental giant cells
* Regulates many other growth factors
* Natural inhibitors of MMPs  
* Promote cell proliferation  
* Anti-apoptotic function  
* Suppress endothelial proliferation  

TIMP-2 Tissue inhibitor of matrix metallopeptidase 2 * Maintain tissue homeostasis  unknown
TIMP-3 Tissue inhibitor of matrix metallopeptidase 3 * Regulate platelet aggregation and recruitment  unknown

TIMP-4 Tissue inhibitor of matrix metallopeptidase 4 * Play a role in hormonal regulation and endometrial 
tissue remodelling 

unknown

* Mediates vascular permeability   
* Induces angiogenesis, vasculogenesis and 
endothelial cell proliferation   

examined

VEGF Vascular endothelial growth factor examined

TIMP-1 Tissue inhibitor of matrix metallopeptidase 1 unknown

TGF-β Transforming growth factor β 1 unknown

SOD-1 Superoxide dismutase 1 examined

PLGF Placental growth factor biomarker

PGH Placenta-specific growth hormone biomarker

PAPP-A Pregnancy-associated plasma protein A in use

examined

MMP-2 Matrix metallopeptidase 2 (gelatinase A) unknown

IGFBP-1 Insulin-like growth factor binding protein 1

Leptin Leptin

hPL Chorionic somatomammotropin hormone 1 
(placental lactogen)

biomarker

hCG Chorionic gonadotropin in use

EGF Epidermal growth factor (β-urogastrone) examined

ADAM12 ADAM metallopeptidase domain 12 biomarker

 
Table 1. Early biomarkers involved in placental development according to a literature study 
and data-mining. Potential for DS screening is indicated as follows: In use, currently widely 
used in DS screening; Biomarker, studies showed overall significant concentrations; 
Examined, examined as biomarker but not significant or inconclusive overall results. 
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A
5% 3% 1%

77 71 59
77 72 60
77 71 60
77 71 60
78 73 61
80 74 63
79 74 62
79 73 62

B
1st (8-10 wks) 2nd (11-13 wks) 5% 3% 1%

PAPP-A fβ-hCG 83 79 68
  + ADAM12 84 80 69

  + thCG 85 80 70
  + PP13   84 79 69

  + PlGF 85 80 69
  + ADAM12 & PP13   + thCG & PlGF 89 85 75

  + ADAM12   + thCG & PLGF 88 84 74
  + ADAM12   + PlGF 85 81 70

   + ADAM12, thCG & PlGF
   + ADAM12 & PlGF

One-sample test
(8-13 wks)

Two-sample test DR at FPR

DR at FPR

PAPP-A & fβ-hCG 
   + ADAM12
   + thCG
   + PP13
   + PlGF
   + ADAM12, thCG, PP13 & PlGF 

 
Table 2. Modeled detection rates (DR) at given false positive rates (FPR) for NT at 11-13 
weeks and several serum marker combinations in a one-sample (A) or two-sample test  (B). 
Models containing all markers are displayed in bold. 

potential screening markers were identified (Koster et al., 2009a): alpha fetoprotein (AFP), 
epidermal growth factor (EGF), extracellular rage binding protein (EN-RAGE), eotaxin, 
haptoglobin (HP), insulin (INS) and lipoprotein A (LPA). None of the identified proteins is 
linked to genes located on chromosome 21. However, some of the markers are known to be 
highly expressed in the placenta or foetal liver and were also proposed in the candidate 
biomarker lists from the previously described discovery studies. Unfortunately, none of the 
seven identified single markers showed significant differences between cases and controls. It 
might be that biomarkers with large distinctive power were not present on the 
immunoassay or, alternatively, that fold changes are inherently not high in maternal blood. 
Interestingly, the addition of the whole panel of seven biomarkers to the current screening 
test provided a significant improvement of the detection rate for DS. 
Despite these promising results, it is obvious that test performance is always better when a 
screening test is applied to the same cases from which the markers are derived and therefore 
application of the proposed markers on a different cohort of cases is essential to establish the  



 
Innovations in Down Syndrome Screening   

 

139 

 
Fig. 2. Boxplots showing the distinction between Down syndrome cases (grey) and the 
controls (white) by plotting the median, quartiles and minimum/maximum values. (A) 
Difference between cases and controls when the three current screening markers (PAPP-A, 
fβ-hCG and NT) are used, (B) Difference between cases and controls when the current three 
screening markers are combined with the seven newly identified potential biomarkers (AFP, 
EGF, EN-RAGE, Eotaxin, HP, INS and LPA). Values along the vertical axis indicate 
prediction scores expressed as arbitrary units. 

true diagnostic accuracy of the immunoassay. This was done in a subsequent validation 
study in which 34 DS cases and matching controls were included to confirm the predictive 
value of the seven markers found in the discovery study. EGF and EN-RAGE were 
confirmed to be potential screening markers for DS and improved the DR of the current 
first-trimester combined test with approximately 6% (table 3) (Koster et al., 2010b). This may 
seem rather disappointing considering the initial identification of seven potential markers. 
On the other hand, the finding that two markers again improved the DS screening 
performance in an independent study is highly encouraging. Clearly, large scale validation 
experiments need to be performed to provide sufficient evidence for potential markers 
before they can be implemented in a screening test.  

4. Screening for Down syndrome using cell-free foetal DNA/RNA in maternal 
blood 
Currently, not only knowledge to do in-depth evaluations based on proteomic techniques is 
available, but more and more research focuses on the genomic detection of DS in maternal  
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markers in the model
discovery fit + 
discovery data

discovery fit + 
validation data

validation fit + 
discovery data

validation fit + 
validation data

current screening (PAPP-A, fβ-hCG, NT) 56.2 65.2 39.7 64.0
PAPP-A+ fβ-hCG 38.9 57.1 32.7 57.6
current+AFP 58.9 64.1 40.6 64.0
current+EGF 62.6 67.1 51.7 68.0
current+EN-RAGE 58.7 68.4 47.7 68.1
current+Eotaxin 61.1 55.8 40.7 63.8
current+Haptoglobin 61.8 62.3 36.1 64.2
current+Insulin 59.7 65.2 37.4 63.7
current+LPA 61.0 65.0 51.6 63.4
10 markers (current + 7 new) 82.5 42.4 59.2 71.5

current+EGF+EN-RAGE 62.1 70.1 53.8 71.4

DR at a 5% FPR

 
Table 3. Modeled detection rates (DR) at a given 5% false positive rate (FPR) for several 
marker combinations. Models were fitted based on the data of the discovery study or based 
on the validation study and tested on both datasets. DRs displayed in bold indicate an 
improvement compared to the current screening model. 

blood. We feel therefore that we should devote a paragraph on the potential value of this 
technique and its possible role within the screening process. One line of research concerning 
DS screening tries to put high-end sequencing quantification techniques for DNA and RNA 
into use to quantify foetal DNA or RNA, either in nuclei of foetal cells or free-floating in 
maternal serum (Lo, 2000). Non-invasive foetal genotyping became feasible when, foetal 
DNA was found to constitute approximately 10% of the DNA circulating in the mother's 
plasma (Lo et al., 1998). However, determination of the maternally inherited alleles was a 
considerable challenge because the foetal contribution to the plasma DNA can only result in 
subtle shifts to the total allelic balance, rather than providing a novel allele. 
Currently, the most promising technique is so-called massive parallel genomic sequencing. 
This technique can identify and quantify many DNA fragments in a relatively short time 
span (Chiu et al., 2008, Fan et al., 2008). Recently, a large-scale study in a high risk cohort 
was conducted to investigate the performance of massive parallel genomic sequencing in 
terms of detection and false positive rates. In this study, all DS pregnancies could be 
identified at a 2.1% false positive rate (Chiu et al., 2011). The authors claim that if such a test 
would be carried out in all women who initially had a high risk pregnancy (based on first 
trimester screening), only very few women would need a referral for an invasive diagnostic 
procedure such as amniocentesis.  However, it is unclear how the test would perform in a 
more representative low-risk pregnant population. 
With this promising non-invasive technique, it seems possible to provide definite 
identification of DS. However, there are still limitations to the technique and some reputable 
experts in the field have expressed doubts concerning these developments (Community 
Corner Nature Medicine, 2011). This line of research has been going on for over ten years 
now; the major technical challenges of sequencing foetal DNA from maternal blood may 
have been largely solved, but now the practical issues raised by applying this technology 
need to be addressed. For a diagnostic test, a false positive rate of 2.1% is unacceptable, since 
it would lead to termination of pregnancy in an equal percentage unaffected pregnancies. 
For a screening test on the other hand, the technique is still too expensive and time-
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consuming. And furthermore, if this technique keeps evolving it might even become 
possible to prenatally offer whole genome sequencing, which obviously raises a complex set 
of social and ethical issues.  
So we feel that, although it is likely that, somewhere in the near future, massive parallel 
genomic sequencing will be used as an intermediate step in the prenatal detection of DS to 
decrease the number of invasive procedures such as amniocentesis, the technique is still a 
long way from implementation in a high-throughput screening setting. 

5. Future perspectives and ongoing research 
The research described in this chapter focuses on the directive search for new markers for 
DS using the ever expanding knowledge of the human genome and proteome and combines 
both laboratory techniques and digital evaluation of data (data mining). The current first 
trimester combined test is based on enzyme-linked immunosorbent assay (ELISA) methods, 
which is widely used for quantitative protein measurements. Recently, two-dimensional gel 
electrophoresis (2-D), tandem mass spectrometry (MS-MS) and bead-based multiplexed 
immunoassays have been used to identify several potential biomarkers in amniotic fluid and 
maternal blood (Busch et al., 2005, Kolialexi et al., 2008, Nagalla et al., 2007, Tsangaris et al., 
2006), clearly demonstrating the potential of applying proteomics techniques in the quest for 
new biomarkers. Bead-based multiplexed immunoassays use color-coded tiny beads in up 
to 100 distinct sets. Coating each bead set with a specific reagent allows the capture and 
detection of many specific analytes, such as proteins, from a sample. Next, labeled beads are 
incubated with serum samples and, subsequently, with a detection antibody labeled with a 
reporter dye in a bead-based immunoassay. Flow cytometry equipment measures the 
internal dyes to identify each particle and the reporter dye captured during the assay 
(Krishhan et al., 2009). Another proteomics technique is the use of Antibody microarrays 
(Ab-arrays). Ab-arrays are a platform for protein expression profiling. Small amounts of 
capture antibodies for the selected targets are immobilized or spotted on a very small area 
on coated glass slides. The high density of the capture antibodies in the spots that is 
obtained enables high sensitivity (Ekins, 1989). These technologies allow analyzing many 
unique markers within a single sample, both rapidly and precisely, in a high-throughput 
setting. In the boost of new development the question arises whether these advanced 
detection techniques will be available at a reasonable cost, a prerequisite for screening tests. 
In principle however, Ab-array techniques are calculated to cost within the range of 20-50 
Euros per screening. 
In recent years, the focus of prenatal screening has expanded. Several studies have been 
performed to evaluate the potential of prenatal screening for foetal chromosomal 
abnormalities other than DS, in particular Edwards syndrome (trisomy 18) and Patau 
syndrome (trisomy 13). With the first-trimester combined test it is possible to detect these 
trisomies using the same algorithm as for DS screening (Spencer et al., 2000, Tul et al., 1999). 
In trisomy 18 and 13 pregnancies PAPP-A levels are decreased to a greater extent than in DS 
and the NT is often very large. However, as opposed to DS, serum concentrations of fβ-hCG 
are decreased in trisomy 18 and 13 pregnancies. Thus, with a slight adjustment of the DS 
risk calculation, it would be possible to provide separate risks specifically for trisomy 18 and 
13. This would lead to the detection of many trisomy 18 and 13 cases with only 0.2% extra 
false positives (Koster et al., 2010c).  
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This spin-off of the current proteomics project may have opened a completely new field of 
research. Currently, a similar approach has been set up to identify potential screening 
markers for pregnancy complications such as pre-eclampsia (PE), intrauterine growth 
restriction and foetal death. PE is a serious complication of pregnancy that affects 
approximately 1-2% of all pregnant women and it is the leading cause of maternal and 
perinatal morbidity and mortality (Gaugler-Senden et al., 2006). Because of the serious 
health consequences of PE, risk assessment for PE is highly recommended. Early 
identification of women at risk might facilitate better antenatal surveillance, timely 
intervention and better outcomes.  
Especially new proteomic techniques will need only minute amounts of test material; 10-20 
micro-litres serum instead of 1-2 ml. Hypothetically, this downscaling opens the possibility 
to draw small amounts of blood and to replace the relatively laborious venous puncture 
with a finger prick. Our first studies comparing venous blood with capillary blood (derived 
from a finger prick), drawn at the same time from pregnant women, indeed show that 
capillary blood can be reliably used to determine the currently used biomarkers in serum. 
The laboratory will be able to analyze a combination of approximately ten markers. Based 
on these developments, it must surely be possible to detect, in the same samples, all 
parameters of prenatal screening (e.g. irregular blood types and infectious diseases, like HIV 
and hepatitis) and to identify high risks for foetal (e.g. chromosomal abnormalities) and 
maternal (e.g. pre-eclampsia) pregnancy complications. 
In the next coming years, the outline of such a future prenatal screening is feasible, however; 
it will probably take some time before these methods can be tested in large cohorts that 
proof their efficacy as a screening tool, a bare necessity before actual implementation can 
take place.  

6. Conclusion 
It is anticipated that the introduction of a new screening method consists of a discovery 
phase, taking 1-3 years, a validation phase, taking 2-5 years, and an implementation phase, 
taking 5-7 years. This means that of all of the discoveries presented in this paper, which are 
clearly done in the realm of the discovery phase, very few will make it to becoming an 
element of an implemented screening test. While we cannot predict what the prenatal 
screening test for Down syndrome, other aneuplodies and foetal and maternal health will be 
in ten years time, we can state that it will not be the first trimester combined test. The past 
decades have learned sufficiently that the screening tests, while not being volatile, are liable 
to changes, and this will not stop in the next years. It is safe to say that the future test will 
use the complete array of proteomics, genomics and ultrasound markers, to provide a 
continuum of tests, with the sole purpose of improving in general the outcome of 
pregnancies, including the health perspective of the mother, worldwide.  
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1. Introduction 
Congenital heart disease (CHD) is present in 40-60% of children with Down syndrome (DS) 
and it is the principal variable that determines the morbimortality during the first two years 
of life of these patients.  
Advances in fetal echocardiography are providing highly accurate diagnoses of congenital 
heart disease prior to delivery, making it possible to plan the delivery-room management of 
these newborns. However, the majority of neonates who have congenital heart disease will 
not require delivery room resuscitation in excess of routine care. 
Although cardiovascular evaluation is a standard component of the diagnostic work-up in 
patients with Down syndrome, physical examination alone does not predict the presence or 
absence of congenital heart disease en the neonatl period. The changeover of fetal to 
neonatal circulation with the decrease in pulmonary vascular resistance (increase in 
pulmonary blood flow), the increase in systemic vascular resistance  (the lower-resistance 
placenta is excluded from the circulation) and the timing of functional closure of the ductus 
arteriosus  may determine the clinical presentation. 
As physical examination alone is not sufficient to identify cardiovascular anomalies in 
neonates with Down syndrome and the early detection can improve the outcome of 
congenital heart defects, we need a newborn screening strategy, because failure to recognise 
these defects early in life can have serious consequences. Echocardiographic examination 
provides extensive anatomic and hemodynamic information noninvasively, in real time, and 
at relatively low cost. A routine echocardiography should be performed in this population 
in the neonatal period. 
The aims of this chapter are: 
1. Congenital heart disease in Down syndrome. 
2. Normal and pathologic transitional circulation. 
3. Correlation between cardiac physical examination and echocardiography. 
4. Potential benefits of early diagnosis.  

2. Congenital heart disease in Down syndrome 
The association between DS and CHD has been well established since 1950, when the 
incidence and type of CHD present in newborns and infants with SD was thoroughly 
described (Evans, 1950) 
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In general population, CHD  is one of the most common serious congenital anomalies, with 
an incidence about 1%occurring in up to 2% of liveborn children, and in an even higher 
percentage of fetuses. Children with DS have an increased incidence of CHD, 40%-60% is 
the range described in the world literature. The life expectancy of children with DS depends 
primarily on the risk of mortality in the first year of life and CHD is the major cause of 
mortality during the postneonatal period with 70% of cases (Weijerman et al, 2008) 
Nevertheless, there are several factors that influence to determine the true incidence on 
CHD. Many forms of CHD are now detected by fetal echocardiography with early prenatal 
diagnosis of chromosomal abnormalities, and the parents may choose to abort these fetuses. 
Fetal echocardiography has shown that certain ventricular septal defects, may be detected in 
utero but have disappeared at the time of birth or within 6-12 months after. Studies using 
neonatal echocardiography have shown  prevalence of muscular ventricular defect as high 
as 53 per 1000 live births, most babies were asymptomatic and most defects were small with 
early spontaneous closure rate of 89% within 1 to 10 months. These muscular ventricular 
defects may result from delayed physiologic development  rather than from disease (Roguin 
et al, 1995).  If they are not all included, this leads to the underestimation of the true 
incidence. 
In general population, ventricular septal defects are the most common form of CHD, 
accounting for approximately 30%, but in DS patients, the endocardial cushion defect, also 
known as atrioventricular septal defects (AVSD), is the leading type, up to 40%(fig.1), 
followed in frecuency by ventricular septal defect (fig.2), atrial septal defect, patent ductus 
arteriosus and tetralogy of Fallot. Recent reports have shown that te distribution of 
congenital heart disease in children with DS may vary with ethnicity (De Rubens  et al, 
2003). Atrioventricular septal defects show the most significant sex and ethnic differences 
with twice as many affected females, and compared with whites, twice  as many blacks, and 
half as many Hispanics (Freeman et al, 2008). 
 

 
Fig. 1. Echocardiographic s apical four-chamber image demonstrating a complete 
atrioventricular septal defect (laminar flow without aliasing). 

AVSD is caused by abnormal embryologic development of endocardial cushions and the 
bulboventricular fold. AVSD can be complete (common atrioventricular canal) , partial 
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(atrial septal defect of the ostium primum type or cleft anterior mitral leaflet) or 
intermediate form. Complete AVSD is characterized by the presence of a common 
atrioventricular orifice, an interatrial communication and a ventricular septal defect. In 
partial AVSD, also referred to as primum type atrial septal defect, the superior and inferior 
bridging leaflets arae connected bya a fibrous continuity in two functionally separate  right 
and left atrioventricular orifices, and are firmly attached to the deficient septal crest, and the 
interventricualr communication is lacking. The intermediate form is defined as having a 
“scooped out“ interventricular septum with the atrioventricular valves being connected to 
the top of the septum  by fibrous tissue “curtains“ and tendinous chordae, consequentelly 
resulting in a small or absent ventricular septal defect component (Hoohenkerk al, 2010). 
 

 
Fig. 2. Echocardiographic apical four-chamber image demonstrating a ventricular septal 
defect  (turbulent flow with aliasing). 

Complete AVSD is associated with DS (60-86%) and clinically relevant differences have been  
identified in children with and without DS. Thus, left-side obstructions and right ventricular 
dominance, as well as left atrioventricular valve abnormalities such as double orifice valve 
and single papillary muscle, seem to be more prevalent in children with a normal 
chromosomal pattern, whereas Rastelli types B and C are more often found in patients with 
DS. Early progression of pulmonary vascular obstructive disease has been reported 
especially in patients with AVSD and DS (Lange et al, 2007). 
AVSD can be complete (common atrioventricular canal), partial (atrial septal defect of the 
ostium primum type or cleft anterior mitral leaflet) or intermediate form, it can be isolated 
or combined with other cardiac anomalies, such as tetralogy of Fallot. Conversely, 
approximately 80% of all AVSD occur in children with DS. 
Left-side obstructive defects such as coarctation of aorte and valvar aortic stenosis are rare, 
and transposition of the great arteries has not been reported in Down syndrome. 
Many chromosomal syndromes are associated with a variety of CHD. Several of theses 
syndromes show a fixed pattern of CHD, such as 22q11-deletion syndrome, Noonan 
syndrome, Turner syndrome and Williams syndrome. Down syndrome also shows a fixed 
patern of CHD, with overrepresentation of septal defects and undrerepresentation of left-
side obstructive defects and transposition of the great vessels. This observation, indicates 
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that a locus on chromosome 21 is involved in the development of CHD. Althoug no single 
gene candidate has yet been identified to be responsible for this phenotype, genes for 
several matrix-related proteins (alfa-1 and alfa-2 type VI collagen, Down´s Syndrome Cell 
Adhesion Molecule, integrin beta-2 and alfa-1 XVIII collagen) are located on chromosome 
21. Overexpression of type VI collagen has been suggested to play a role in the pathogenesis 
of atrioventricular septal defects in DS (Vis et al, 2009). 

3. Normal and pathologic transitional circulation. 
The pulmonary circulation undergoes a near-instantaneous change from its high resistance 
state in utero to a low resistance circuit after delivery to allow adequate pulmonary 
perfusion. 
Delivery of the fetus from the uterus disrupts the umbilical-placental circulation and the 
functions of oxygen uptake and carbon dioxide removal are transferred to the lungs. The 
foramen ovale (fig.3) and the ductus arteriosus (fig.4) have to be closed functionally or 
anatomically to establish the adult circulation. Physical expansion of the lung, ventilation 
with oxygen and umbilical cord occlusion produce an increased in pulmonary blood flow 
and decrease in pulmonary vascular resistance. The pulmonary endothelium plays a crucial 
role in this adaption, the onset of breathing is associated with an increase in specific  
mediators such us  nitric oxide and prostacyclin (pulmonary vasodilators and inhibitors of 
smooth muscle cell proliferation), and a decrease of vasoconstrictors (angiotensin and 
endothelin-1). 
 

 
Fig. 3. Echocardiographic subcostal four-chamber image demonstrating a patent foramen 
ovale . 

If pulmonary vascular resistance does not fall normally after birth, pulmonary arterial 
pressure will not drop to normal postnatal level, and pulmonary blood flow adequate for 
oxygen needs may not be established. This phenomenon has been named persistent 
pulmonary hypertension of the newborn (PPHN), and may result from several condition 
(perinatal asphyxia, meconium aspiration) (Suesaowalak et al, 2010). 
A wide variety of cardiac disorders has been reported to cause PPHN and have been 
grouped into five types based on the physiology of the lesion (Long, 1990): 
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Group 1. Obstructions to pulmonary venous drainage (obstructed total anomalous 
pulmonary venous drainage, cor triatriatum, mitral stenosis...) 

Group 2. Congenital cardiomyopathies (endocardial fibroelastosis, myocarditis...). 
Group 3. Obstructions to left ventricular outflow (aortic atresia, critical aortic stenosis, 

interrupted aortic arch, coarctation...). 
Group 4. Obligatory left-to-right shunts (cerebral arteriovenous malformations, hepatic 

arteriovenous malformations, complete atrioventricular septal defect...) 
Group 5. miscellaneous cardiac disorders (Ebstein anomaly, tricuspid atresia, pulmonary 

atresia, transposition of the great vessels...) 
Children with Down syndrome have an increased risk for developing pulmonary 
hypertension. The cause of pulmonary hypertension in this population is multifactorial and 
may be due to both anatomical and physiological alterations in the pulmonary circulation, 
including the presence of congenital heart disease with persistent left-to-right shunts, chronic 
upper airway obstruction, or abnormal pulmonary vasculature growth. Although damage to 
the pulmonary vasculature occurs over time, there also appears to be a subset of Down 
syndrome patients who develop pulmonary hypertension in the neonatal period. Neonatal DS 
patients have a greater incidence of persistent pulmonary hypertension of the newborn 
(PPHN) compared to the general population, and suggests that there may be something 
intrinsically related to DS that put these patients at increased risk for PPHN (Cua et al, 2007). 
 

 
Fig. 4. Echocardiographic parasternal short-axis image demonstrating a patent ductus 
arteriosus (red flow at the ductus arteriosus and blue flow at both pulmonary arteries). 

4. Correlation between cardiac physical examination and echocardiography 
4.1 Clinical examination 
Although CHD is present at birth, there are often no signs and most babies are asymptomatic. 
Skilled physical examination, a sensitive and specific screening tool in older children, does not 
always distinguish between neonates with or without CHD (Griebsch, 2007). 
Wren et al. (1999) found no clinical signs in the first weeks in some children with DS, with 
major cardiac malformations and associated pulmonary hypertension, even in some who 
progressed to irreversible pulmonary vascular disease. 
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A normal neonatal examination in children with DS does not therefore exclude a serious 
CHD. Basic neonatal characteristics, Apgar scores, birth weight and gestational age are not 
different  in children with DS with and without CHD (Weijerman et al, 2010). 
The natural history of specific heart defects depends on the transitional circulation in the 
neonatal period, so the timing of the routine examination is very important. Heart murmurs 
have a prevalence of between 0.6% and 4.2% in newborns and are mistakenly considered a 
hallmark of heart disease (Patton, 2006). Transient murmurs due to tricuspid regurgitation 
(fig.5) and physiological peripheral pulmonic stenosis (fig.6) are the most common innocent 
murmurs in neonates (Du et al, 1997). 
 

 
Fig. 5. Echocardiographic apical four-chamber image demonstrating a tricuspid 
regurgitation (blue jet from right ventricule to right atrium). 

Practising pediatricians currently have limited experience in discriminating innocent from 
pathological murmurs. Detection of a murmur depends on the examiner´s skill and 
experience, the timing and the frequency of examination, and the conditions under which 
examination takes place. 
Detection of a murmur on routine examination may be a clue to the presence of heart 
disease and offers the possibility of early, presymptomatic diagnosis. Early referral of all 
asymptomatic babies with murmurs is recommended for early definitive diagnosis by 
echocardiography. However, the absence of a murmur does not exclude the presence of 
potentially serious heart disease (Ainsworth et al, 1999). 
Murmurs of atrioventricular septal defect and septal defect, the most common forms of 
CHD in SD, emerge after the decline in pulmonary resistance and may happen after 
neonatal discharge. 

4.2 Electrocardiography 
Electrocardiography (ECG) do not improve the sensitivity of the clinical assessment in the 
detection of CHD. Atrioventricular septal defects is associated with abnormal ECG 
(superior QRS axis), but most of the CHD have normal results on ECG (Mackie et al, 
2009). 
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Sensivity and specific of a superior QRS axis to diagnose complete atrioventricular septal 
defect is 100% and 96.8%, respectively. However, the predictive value of neonatal ECG for 
other CHD is poor (Dennis et al, 2010). 
 

 
Fig. 6. Echocardiographic parasternal short-axis image demonstrating a physiological 
peripheral pulmonic stenosis (yellow colour due to aliasing at the origin of both pulmonary 
arteries). 

4.3 Chest radiography 
There is no evidence that chest x ray (CXR) is a useful addition for neonatal diagnosis of 
CHD. CXR alone missed 39% of the cases of complete atrioventricular septal defect, whereas 
ECG missed only 17%. Combinig CXR, ECG and clinical examination gave little added 
benefit only 15% missed (Dennis et al, 2010). 
In the evolution, but out of neonatal period, radiographic manifestations in infants with left-
to-right shunts include cardiomegaly, prominence of the pulmonary vasculature, and 
dilatation of the central pulmonary arteries. With the severe and longstanding process, 
pulmonary artery hypertension appears, this shunt flow decreases and reverse, resulting in 
peripheral prunting of pulmonary vessels. As the pulmonary vascular resistance increases, 
if the congenital CHD is not corrected, the heart size may decrease (Suesaowalak et al, 2010). 

4.4 Pulse oxymetry 
Cyanosis in the newborn is difficult to detect at clinically important levels, murmurs may be 
missed or over diagnosed and femoral pulses are challenging to asses. Together with early 
discharge and failure to asses infants identified as at risk. The introduction of additional 
oxymetry screening could achieve better results at the relatively small cost. Pulse oximetry is 
a symple, non-invasive method of monitoring the pordentage of haemoglobin which is 
saturated with oxygen. The pulse oximeter consists of a probe attached to the infant´s finger, 
toe or edge of the foot, which is in turn linked to a computerised display of the porcentage 
of haemoglobin satured with oxigen and the heart rate. The examination can be performed 
by a junior doctor, midwife or other health professional. The equipment required is portable 
and ca be used in the home and hospital. An oximeter identifies hypoxemia and is 
dependent on a good peripheral circulation and so does not work reliably when a baby has 
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a low blood pressure or is dehydrated, for example. Pulse oximetry may identify babies 
with cianotic CHD but not defects that only associated with murmurs or delay or absent 
pulses. Nevertheless, some authors thinks that pulse oximetry is a promising alternative 
newborn screening strategy (Knowles, 2005; Meberg, 2009), but others not (Reich, 2008. 
Sendelbach, 2008). Pulse oximetry cannot detect all cases of CHD, and parents should be 
informed, and hence, a negative test result does not exclude the possibility of heart disease.  
According to the American Heart Association and American Academy of Pediatrics, the 
usefulness of oximetry in clinical studies is not well stablished (Class IIb, Level of Evidence 
C), and future studies are needed to determine whether this practise should become 
standard of care in the routine assesment of the neonate (Mahle et al, 2009).  Therefore, the 
screening with pulse oximetry should be carried out together with a clinical examination, 
never alone. 

4.5 Echocardiography 
Echocardiographic examination provides extensive anatomic and hemodynamic 
information noninvasively, in real time, and at relatively low cost.  Echocardiographic 
windows are better in the newborn than at any other age because the lungs (impenetrable to 
ultrasound) do not get in the way as much, and the heart and great vessels are nearer the 
probe. The echocardiography must be a sistematic study with the standard views (left 
parasternal, apical, subcostal and suprasternal) and completed with Doppler ultrasound 
(colour Doppler, pulsed Doppler and continuous wave Doppler).  Echocardiography is 
useful for initial evalution, cardiac defects, level of shunting, degree and directions of 
shunts, severety of pulmonary arterial hypertension, follow-up of the teatment and 
ventricular function can be delinaeted systematically. A routine echocardiography should be 
performed in this population in the neonatal period (AAP´s Committee on Genetics, 2001). 
A patient is considered to have an abnormal cardiac physical examination if there is a 
cardiac murmur and/or cyanosis or an abnormal systemic arterial oxygen saturation, but a 
newborn without congenital heart disease but with persistent pulmonary hypertension of 
the newborn (PPHN) may present a cardiac murmur due to transient tricuspid insufficiency 
of cardiac dysfuntion, and cyanosis due to right-to-left shunting of blood across the patent 
ductus arteriosus and the foramen ovale. These clinical manifestations may alert the 
neonatologist and suspect the presence of a congenital heart diasease, but in deed, there is 
not.  
The diagnosis can be confirmed by echocardiography with color Doppler imaging and 
documenting right-to lef shunting of blood  through fetal circulatory pathways (ductus 
arteriosus and foramen ovale), in the abscence of CHD (fig 7, Fig 8). Contrast 
echocardiography is performed by rapidly injecting approximately 1ml of saline/blood 
mixture into a pheriperal vein while capturing a four-chamber view of the heart. The 
simultaneous appearance of bright echoes from cavitations in the fluid in the right ventricle 
and left atrium  documents right-to-left atrial shunting. Because the right-to-left atrial shunt 
may be predominately of inferior vena cava, as it is in the normal fetal state, injection of 
fluid into a vein draining to the inferior vena cava may yield the best results (Fineman, 
Heymann & Morin, 2001). 
Doppler echocardiography allows estimation of pulmonary artery systolic pressure. Because 
pulmonary artery and right ventricule systolic pressure are nearly equal in the absence of  
 



 
Early Diagnosis of Congenital Heart Disease in the Neonatal Period  

 

157 

 
Fig. 7. Echocardiographic parasternal short-axis image demonstrating a patent ductus 
arteriosus with right-to-left shunt  (blue  flow). 

stenosis of right ventricule outflow tract, pulmonary artery systolic pressure is commonly 
estimated by techniques that measures right ventricule systolic prresure. In the method 
most commonly used, the tricuspid regurgitation jet is used to calculate the right 
ventricular-right atrial pressure gradient (Snider & Serwer, 1990). 
Transthoracic echocardiograpy is useful for evaluation of severity of pulmonary arterial 
hypertension and ventricular function can be delineated systematically. The abnormal 
motion of the interventricualr septum and the eccentricity index estimate right ventricular 
pressure overload. The Tei index and the tricuspid annular plane systolic excursion (TAPSE) 
correlate with right ventricular function (Suesaowalak et al, 2010). 
 

 
Fig. 8. Echocardiographic parasternal short-axis image demonstrating a patent ductus 
arteriosus with left-to-right shunt (orange  flow). 

5. Potencial benefits of early diagnosis. 
Because of the high incidence of a significant CHD in children with DS, the early recognition 
of CHD can lead to the optimal management of the defect and emphasizes the importance of 
an early echocardiography of neonates with DS. 
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Early diagnosis of CHD in DS is important firstly because both the parents and the 
paediatrician need to know the implications of the heart defect. Secondly some major 
malformations with pulmonary hypertension may show no signs and may progress to 
irreversible pulmonary vascular disease before the heart defect has been recognised. 
When fetal echocardiography was introduced into clinical practise, it become possible to 
study the spectrum of lesions associated with DS in prenatal life (fig.9) and the early 
diagnosis is of paramount importance (Paladini et al, 2000). 
 

 
Fig. 9. Fetal echocardiography demonstrating a complete atrioventricular septal defect. 

5.1 Pulmonary arterial hypertension 
About half of all babies with DS will have CHD, and in around one-third of these this will 
comprise a complete atrioventricular septal defect with high risk of pulmonary vascular 
disease due to high pulmonary blood flow. 
Among the numerous causes of pulmonary arterial hypertension, left-to-right shunt and 
chronic upper airway obstruction are frequently encountered in children with DS. 
Obstructive sleep apnoea is common in children with SD, affecting 30-50% of this patient 
group compared with 3% of the general paediatric population. This may result from a 
number of factors, including hypotonic upper airway, adeno-tonsillar hypertrophy, 
macroglossia, glossoptosis, flattened mid-face and narrow nasopharynx in these patients 
(Hawkins et al, 2011). This association of CHD in DS with pulmonary arterial hypertension, 
has led a neonatal screening and, as medical treatment becomes increasingly unsuccessful, 
early definitive cardiac surgery is usually undertaken at 3-6 months of age (Vohra et al, 
2010). Many reports have demonstrated safe and effective repair in infants with 
atrioventricular septal defects within the first few months of live, and the presence of DS is 
not a risk factor (Lange et al, 2007). 
In the past, infants with complete AVSD were initially palliated with pulmonary artery 
banding to prevent pulmonary vascular disease, followed by complete repair at a later stage 
to reduce mortality and morbidity. Better perioperative care and improvements in surgical 



 
Early Diagnosis of Congenital Heart Disease in the Neonatal Period  

 

159 

and cardiopulmonary bypass techniques, allowed surgeons to successfully perform early 
repair. Nevertheless, there are situations in which early primary repair is not feasible or is 
accompanied by unacceptable risk. Reasons include unfavourable intracardiac anatomy 
(unbalanced ventricular morphology, associated lesions, or both), associated non cardiac 
malformation (exomphalos), or poor clinical condition (infection, chronic lung disease, renal 
or liver dysfunction, gastrointestinal or neurological complications). In these situations 
palliation with pulmonary artery banding followed by late repair is recognized as a viable 
surgical option (Dhannapuneni et al, 2011). 

5.2 Nutrition 
Failure to thrive is common in children with congenital heart disease. Infants with CHD are 
particularly at risk of energy imbalance that can involve deficiencies of specific nutrients, or 
insufficient total caloric intake. Malnutrition undermines the outcome of corrective surgical 
operations and postoperative recovery. Most infants with CHD have a normal weight for 
gestational age at birth but develop nutritional and growth problems in early infancy. 
Weight tends to be more effected than height; even so, almost half of infants younger than 2 
years are stunted (Nydegger and Bines, 2006). 
Mechanisms linking CHD to malnutrition may be related either to decreased energy intake 
and/or to increased energy requirements. 
Decreased energy intake are in relation with anorexia and aerly satiety of these patients, 
decreased gastric volume caused by hepatomegaly, malabsorption due to edema and 
chronic hypoxia of the gut, pharmacologic agents, fluid restriction... 
Increased in energy requirements can be due to increased respiratory rate accompanying 
congestive heart failure, cardiac hypertrophy, recurrent infections, increased activity of 
sympathetic nervous system, increased basal temperature... 
The development of malnutrition depends on the type and severity of the cardiac lesion and 
associated disease condition. Infants with cyanotic heart lesions (tetralogy of Fallot) 
frequently have decreased weight and height compared with healthy infants. Chronic 
hypoxia is an important factor in anorexia and inefficient processing of nutrients at the 
cellular level. Atrioventricular septal defect and septal defect, the most common forms of 
CHD in DS, are acyanotic heart lesions but if there is a large left-to-right shunt, have 
reduced weight gain but growth may be maintained during infancy. However, in the 
presence of elevated pulmonary presure, severe growth failure frequently develops (Varan 
et al, 1999). 
Associated genetic condition, Down syndrome, is another crucial factor and also influence 
energy intake, gastrointestinal absorption, expenditure, and growth expectations (Nydegger 
and Bines, 2006). 
Most treatment strategies aim to facilitate "catch-up" growth, providing extra calories and 
protein that exceed the Recommended Dietary Allowance for age. However, there is no 
generally accepted set of guidelines that define appropriate caloric intake for catch-up 
growth. Early diagnosis of CHD in DS, brings out the nutrition challenge, the most effective 
nutrition strategies for children with CHD (Forchielly et al, 1994). Nutritional support via 
percutaneous endoscopic gastrostomy allows the safe delivery of the caloric intke needed in 
children with CHD and significant feeding-realed difficulties (Ciotti et al, 2002). 

5.3 Prevention of infective endocarditis 
It is recommended that parents and carers of all children with CHD should be given 
information about infective endocarditis preventive measures. Infective endocarditis is an 
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uncommon but life-threatening infection. Despite advances in diagnosis, antimicrobial 
therapy, surgical techniques, and management of complications, patients with infective 
endocarditis still have high morbidity and mortality rates related to this condition.  
The development of infective endocarditis is the net result of the complex interaction 
between the bloodstream pathogen with matrix molecules and platelets at sites of 
endocardial cell damage. 
The American Heart Association (AHA) guidelines for infective endocarditis prophylaxis 
were published in 1997. The 1997 document stratified cardiac conditions into high-, 
moderate- and low-risk (negligible risk) categories, with prophylaxis not recommended for 
the low-risk group. Nevertheless, since this document, many medical societies and 
physicians have questioned the efficacy of the prophylaxis. The quality of evidence was 
limited to a few case-control studies or was based on expert opinion, clinical experience, and 
descriptive studies that utilized surrogate measures of risk. 
“The Committee” of AHA extensively reviewed data and published the updated 
recommendations in October 2007. This new document is intended to identify which, if any, 
patients and procedures may possibly benefit from infective endocarditis prophylaxis, and 
result in greater clarity for patients, healthcare providers, and consulting professionals 
(Wilson et al, 2007). 

5.4 Prevention of Respiratory Syncytial Virus infection 
Children with DS have an increased incidence of respiratory tract infections which might be 
associated with CHD, abnormal airway anatomy and physiology, hypotonia, and aspiration. 
However, children with DS and without CHD, also have a high incidence of respiratory 
morbidity and might be explained by an aberrant immune system as well (Bloemers et al, 
2010).  
Respiratory syncytial virus (RSV) is an enveloped, nonsegmented, negative-strand RNA 
virus of the family Paramyxoviridae that causes respiratory tract infections in children. In the 
North- ern Hemisphere, the peak infection season is November through April. By two years 
of age, most children will have had an RSV infection. Bronchiolitis, a lower respiratory tract 
infection, is often caused by RSV. An RSV infection is diagnosed based on patient history 
and physical examination. RSV is recognized as the leading cause of hospitalization among 
young children worldwide. Infants of young chronologic age and children with 
predisposing factors, such as premature birth, pulmonary disease, or hemodynamically 
significant congenital heart disease, are most susceptible to serious illness. Children with DS 
have an increased risk of being hospitalized for RSV-induced lower respiratory tract 
infection, indicating DS as a risk factor (Bloemers et al, 2010). Unlike other viruses, 
immunity to RSV infection is incomplete and short lived, and reinfection is common 
throughout life. RSV infection remains difficult to treat, and prevention is a worldwide goal. 
Initial infection with RSV affords limited protection to reinfection, yet repeated episodes 
decrease the risk for lower respiratory tract illness. The development of palivizumab, a 
monoclonal antibody that can bind to a specific antigenic site on the virus and prevent cell-
to-cell spread of infection has since become the mainstay of RSV illness prevention in 
preterm infants and those with significant congenital heart disease. Palivizumab, the only 
monoclonal antibody approved for the prevention of RSV lower respiratory tract disease 
must be administered monthly throughout the RSV season and does not always prevent 
serious RSV illness. Palivizumab is administered intramuscularly at a dose of 15 mg/kg 
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once every 30 days, for a maximum of 5 doses. The American Academic of Pediatrics (AAP) 
published a policy statement on the use of palivizumab in November 1998, revised it in 
December 2003, and the last statement in the 2009 Red Book recommendations, safety and 
efficacy have been established for infants born at or before 35 weeks´ gestation with or 
without chronic lung disease of prematurity and for infants and children with 
hemodynamically significant heart disease (AAP, Committee on Infectious Diseases, 2009). 

6. Conclusion 
There is an increased incidence of congenital heart disease (CHD) and persistent pulmonary 
hypertension in Down syndrome (DS) neonates. A normal neonatal examination in children 
with DS does not therefore exclude a serious CHD. Clinical examination alone is insufficient 
to detect CHD in newborns. Failure to recognise these defects early in life can have serious 
consequences. The child´s future health, and indeed survival, may be severely compromised 
by late diagnosis. Neonatal echocardiography is the most effective single procedure and 
must be carried out by an appropiately trained person. A routine echocardiography should 
be performed in this population in the neonatal period. 
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1. Introduction 
1.1 Burden  
In his publication in 1866 titled ‘Observation on an ethnic classification of idiots’, John 
Langdon Down an English physician at the London Hospital, was the first to describe the 
external appearance of the genetic condition that was later to bear his name (Down, 1866). 
Following his description, scientists have conducted researches aimed at identifying the 
presence of the condition in various populations, race and ethnic groups as well as its 
incidence at birth and prevalence in the population.  Most of the widely circulated reports 
on the incidence and prevalence of Down syndrome in Nigeria and other countries in sub 
Saharan Africa are estimates extrapolated from statistics obtained in developed countries 
such as the United Kingdom, United States of America, Canada or Australia. The studies 
did not consider the influence of factors such as socio cultural, genetic, racial and 
environmental characteristics on the prevalence of the condition, thus affecting the 
reliability of the data.  
The earliest reported study on the incidence of Down syndrome by Adeyokunnu, in Ibadan, 
South Western Nigeria, reported an incidence of 1 in 865 live births (Adeyokunu, 1982). 
Prior to this time, it was believed that Down syndrome is rare or non - existent among 
Africans (Tompkins, 1964). This is collaborated by the reports of other clinicians that found 
no case of Down syndrome in their clinical practice over several years in Nigeria (Jelliffe, 
1954a, Tooth, 1950). Rather, few cases reported were among Jamaicans and were postulated 
to be derived genetically from non African sources (Jelliffe, 1954b).  While there may be 
other reports from Nigeria, the case report by Tompkins in 1964 was the first to draw 
attention to the occurrence of the condition among Nigerian children (Tompkins, 1964).  
After the report, it was now agreed that the condition is not as rare among Nigerians and 
Africans as was once believed. In spite of this however, there was still difficulty in achieving 
accurate data collection in Nigeria and other developing countries attributable to many 
factors. First, a large number of deliveries take place in non orthodox centres such as 
churches and traditional birth homes, most of which do not keep records. The government 
registered private maternity centres also have difficulty keeping accurate statistics (Oloyede, 
et.al, 2006). Secondly, within the community, cases of congenital malformations such as 
Down syndrome are not reported for record purpose because of the traditional belief that 
still associates them with witchcraft and witches. Consequently, true population based data 
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are difficult to generate and most of the data reported are hospital based. In spite of this 
however, health planning are still based on these data with the assumption that they 
represent the actual situation.  
Since the study by Adeyokunnu, there has been no other published report about the 
incidence in Nigeria till date. However, in South Africa, the Down Syndrome South Africa 
gave an incidence of about 1 in 500 live births in the country (DSSA). In same country, a 
study between January, 1974 and December, 1993, reported an overall prevalence rate of 
1.49 per 1000, with a gradual decline to 1.3 per 1000 in the last 5 years of the study period, 
among the 3 study populations. The higher prevalence (1.88) among the white population 
compared with the prevalence in coloured (1.54) and blacks (1.29) could be attributed to the 
possibility that fewer blacks than whites undergo prenatal screened and diagnosis of the 
condition. This conclusion arose from the relative distribution of the number of terminations 
following prenatal diagnosis, being higher among whites (18.3%), intermediate in coloured 
(5.8%) and lowest in blacks (1.4%). The same study also confirms that the decline in the 
overall prevalence occur among the white population, while the blacks maintain their 
prevalence rate (Molteno, et, al., 1997). It should be noted that there is a fundamental 
difference in the statistical inferences from incidence and prevalence. Incidence is based on 
total birth in a year, while prevalence is based on actual population. While the difference is 
significant in developed countries because there is a better uptake of prenatal diagnosis 
services that influences the total birth incidence, same may not be true in Nigeria, where the 
uptake of such service is still poor. The incidence of Down syndrome could be higher in 
developing countries, with two factors as possible reasons. First the proportion of women 
that that conceive after 35 years is gradually rising in Nigeria compared to developed 
countries. Second, there is a higher mortality from complications of Down syndrome such as 
congenital heart defects in developing countries. 

1.2 Down syndrome, maternal age and reproductive health 
The commonest genetic mechanism for Down syndrome is maternal meiotic non disjunction 
and this has a very strong link with advance maternal age. Shuttleworth in 1909 was the first 
to observe the association between increased maternal age and Down syndrome after 
examining 350 cases. (Shuttleworth, 1909). Although no study from Nigeria has confirmed 
this trend, but a study on ‘Down’s syndrome in South Africa-incidence, maternal age and 
utilisation of prenatal diagnoses’, reported that the prevalence of Down syndrome has been 
found to increase with advancing maternal age (Op’t Hof J, et al., 1991). There are enough 
reasons to justify the expectation that the prevalence would continue to rise in future. The 
main factor that would explain this conclusion is the increasing maternal age at which more 
women in Nigeria now conceive. This follows the increasing strong desire to complete 
formal education before conception and the rising incidence of infertility (Oloyede and 
Osagie, 2003).  
Although there are few studies on the epidemiology of Down syndrome in Nigeria and 
other sub Saharan African countries, its impact on reproductive health and quality of life is 
well documented. It is an important contributor to pregnancy wastage especially in early 
trimester. This is however difficult to ascertain because of the poor culture of follow-up 
diagnosis especially after spontaneous first trimester abortion in Nigeria. Various congenital 
malformations are associated with Down syndrome. Oloyede reported the occurrence of 
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multiple congenital malformations in cases of Down syndrome in Sagamu, South Western 
Nigeria (Oloyede, et al., 2006). The pattern of congenital malformation seen in Ghana 
conforms to the well established pattern of malformations in Down syndrome. The main 
defect was atrioventricular defects and ventricular septal defects (Arthur, 1995). Other 
frequently reported anomalies are anorectal anomalies and speech disorders (Osei-Bagyina, 
2000, Hesse, 2006). Majority present in early infancy, with features of congestive cardiac 
failure and cyanosis (Arthur, 1995).  
Down syndrome has a lot of sociocultural colouration. Many local communities in Nigeria 
believed that all observable defects or early deaths which may occur in children with Down 
syndrome is traceable to parental misdeeds or links between the child and the evil world. In 
Ghana, it is believed that the Down child is given by the river gods and hence is called 
‘Nsuoba’, meaning water children (Avoke, 1997). The pattern of response is similar in many 
other developing countries including Nigeria. Children that are affected by this syndrome 
are often times stigmatized by the society, treated with neglect and patronized. Lack of 
understanding and appreciation of the condition, makes the management of the individual 
with the condition difficult. The special educational and family support needed to optimize 
the well being of affected children are not usually available in many developing countries. 
The first coordinated effort at addressing the challenges of children with Down syndrome 
was provided through the National Down Syndrome Association of Nigeria and till date 
remains the only well coordinated group in West Africa. A similar organization is in South 
Africa called the Down Syndrome South Africa (DSSA). These bodies are non profit making. 
Like most other supportive organizations, the absence of community and governmental 
support is a strong limiting factor to their effectiveness. Overall, it is difficult for the child 
with Down syndrome child to realize the full potential in Nigeria and many other sub 
Saharan countries. 

2. Strategies to reduce the incidence and impact of Down syndrome 
The strategies to reduce the incidence and impact of Down syndrome should focus on 2 
major areas 
1. Implementation of acceptable and effective prevention programme in the prenatal 

period (Prevention) 
2. Implementation of supportive health and non health initiatives for people affected by 

Down syndrome (Support) 

2.1 Prevention programme 
The seemingly rational way to prevent the birth of children with Down syndrome would be 
to prevent or reduce pregnancies in women above the cut off maternal age. There is 
however two issues involved in this policy. First, there is no clearly defined study from 
Nigeria that specifies the maternal age at which there is an exponential rise in the incidence 
of Down syndrome. Above this maternal age, the policy of no childbearing could be 
advocated based on the high incidence and also the risk of other complications of pregnancy 
above this age. Second, there are some considerations that influences the maternal age of 
conception such as the desire to complete educational pursuit, socioeconomic factors and 
increasing rate of infertility. These may altogether, increase the maternal age of conception 
in recent times. Having children is sometimes viewed from a completely different 
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perspective in many rural communities in Nigeria, where it is a taboo for women to stop 
further childbearing till she either dies in the process or gets too old to continue, especially 
in communities where children are involved in economic activities such as farming. In the 
final analysis, this approach to preventing Down syndrome is not feasible in Nigeria and 
many other sub Saharan countries. A more acceptable compromise would be to advocate for 
the screening of women above the cut off maternal age.    
Prevention strategy through screening and diagnosis is gradually becoming the hall mark of 
modern approach to the management and eradication of genetic condition in developed 
countries. It provides every woman an opportunity to determine the status of the fetus and 
takes decision on the future of affected pregnancies.  This option of addressing the problem 
of Down syndrome is more relevant to developing countries where there is dearth of 
facilities to manage the physically challenged. In Nigeria, prenatal screening was considered 
the most feasible approach for the control of Sickle cell disorder (WHO, 1997). Genetic 
screening refers to the procedure to identify from within the population, individuals that are 
more likely to be produce offsprings with Down syndrome. Screening is not fool proof 
method as it merely suggests the propensity of occurrence of the condition. Its efficacy 
therefore improves as the number of tools used also increases. 
The first and traditional screening method for the prevention of Down syndrome based on 
maternal age was introduced in the early 1970’s, based on the observation by Shuttleworth 
(Shuttleworth, 1909).  Although many physicians in Nigeria utilize maternal age in 
counselling women for the risk of Down syndrome, few utilize it for the purpose of 
screening. Op’t Hof in South Africa shows that maternal age has influence on the risk of 
occurrence of Down syndrome in the country (Op’t, 1991). The challenge is to arrive at an 
acceptable maternal age that can be used for screening in Nigeria, if it must differ from that 
used in Caucasians. This is because of the few reasons discussed earlier that contribute to 
increasing maternal age of conception. The decision about cut off maternal age also has 
economic and logistic implications. Because more women now achieve pregnancy at 
advance maternal age, it implies that the number that screens positive obtained using the 
traditional cut off maternal age of 35 years would also rise. This means additional logistics 
to cope with screening services. The logical step would be to further increase the cut off 
maternal age in other to maintain the recommended 5% screen positive rate. An important 
issue to contend with is the fact that the bulk of those that will end up having Down 
syndrome are in women below 35 years. Therefore maternal age would not suffice for 
effective screening in Nigeria.  
A more common practice in Nigeria is the use of maternal serum hormones in the second 
trimester. Often times, it is not primarily intended for Down syndrome screening. The 
disadvantage of the present practice is that, screening is done at a gestational age when 
strong bonding has occurred between the mother and the fetus and the risk associated with 
extreme decisions such as termination of pregnancy is higher. Studies have indicated that, 
between 79.9 and 86% of women present either in the second trimester or third trimester for 
the first time in the antenatal period rather than in the first trimester, often times out of 
ignorance or misconceptions of the purpose and right time to commence antenatal care 
(Okunolola et al, 2008, Adekanle and Isawunmi, 2008, Ebeigbe and Igberase, 2005). The 
mean booking gestation in Nigerian is 20 weeks (Oladokun, et al., 2010). This observation is 
similar to reports from many sub-Saharan African countries but in sharp contrast to the 
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practice in United Kingdom and United States of America, where women are advised to 
register within the first twelve weeks (National Institute for Health and clinical excellence, 
2003, American Academy of Paediatrics, 2002). The late registration is believed from a study 
in Nigeria to the fact that most women do not perceive any advantage in early booking and 
viewed antenatal as curative rather than preventive (Ndidi, 2010). The physicians are 
therefore constrained by this reason. Standardized laboratory support that is peculiar for 
measuring hormones in pregnancy and calculating their deviations from median is also not 
available.  There are no available statistics on the screen positive rate using these methods 
because there are no well defined criteria for their utilization. 
Recently, another advance tool for screening of Down syndrome known as the nuchal 
translucency was introduced by Nicolaides and his team in the United Kingdom 
(Nicolaides, et al, 1992). The nuchal translucency refers to the fluid at the back of the neck of 
the fetus at 11 – 13 + 6 weeks of pregnancy. It is confirmed to have improved the detection 
rate for DS significantly for a much lower false positive rate (Nicolaides, et al, 1992). 
Generally, innovations in medicine are not rapidly incorporated into practice in Nigeria, 
especially public institutions, where the majority of women patronize (Oloyede, 2008). The 
Nuchal translucency scan screening was recently introduced into clinical practice in Nigeria 
in 2006. The benefits of the Nuchal translucency scan are in many folds. Its use was also 
reported in South Africa (Naidoo, et al., 2008) 
1. It is a first trimester procedure 
2. It does not rely on too many personnel or logistics to conduct and interpret unlike the 

MSB 
3. Other congenital structural abnormalities can be ruled out at same time 
More recent innovations in Down syndrome screening such as the nasal bone, and fronto 
maxillary facial (FMF) angle are yet to be incorporated into practice in Nigeria. 

2.1.1 Factors affecting uptake and utilization of prenatal screening 
Prenatal screening for Down syndrome has been shown to be an effective tool to reduce the 
prevalence of Down syndrome. In countries such as South Africa, where it is fairly available, 
studies have shown a reduction in the prevalence of Down syndrome especially among the 
white population that utilize the screening service (Molteno,1997). Prenatal screening for 
Down syndrome is not routine in many antenatal clinics in Nigeria. Therefore, most women 
do not benefit from this service (Oloyede, 2008). This in unlike the practice in many 
developed countries, where screening is widely incorporated into antenatal programs 
(Rosch,et al., 2000)  
Several studies on the Nigerian population about the uptake of prenatal screening and 
attitude of women to prenatal screening were reviewed. The factors are broadly classified as  
a. Health Service Factor 
 Skilled Manpower 
 Laboratory and Radiological Support 
b. Non Health Service Factors 
 Awareness  
 Cost 
 Legal status of abortion 
 Religion 
 Sociocultural 
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Health Service Factor 
Skilled Manpower 
Several factors are known to affect the utilization of antenatal screening service in Nigeria. 
The first and perhaps the most important is that of physician appreciation of the condition 
at risk. Oloyede in 2008 showed that the bulk of obstetrician and antenatal care givers in 
Nigeria underwent training curriculum that places less emphasis on knowledge and skill to 
undertake screening and diagnosis of genetic conditions such as Down syndrome (Oloyede, 
2008). The same study shows that most (66.1%) obstetricians in Nigeria consider training in 
prenatal screening and diagnosis for Down syndrome either below average or just average, 
majority (89.3%) do not conduct routine antenatal counseling  and almost all (92.9%) do not 
have a standard screening protocol. It was also showed that maternal serum biochemistry in 
the second trimester was favoured against the nuchal translucency screening in the first 
trimester of pregnancy. It is known that the ability to know what to do after screening is an 
encouraging factor to undertake screening procedures. The skill to undertake nuchal 
translucency screening can be acquired within a reasonable time by most physicians and is 
therefore a method that should be encouraged in Nigeria. 

Laboratory and Radiological Support 
Laboratory analysis of maternal serum hormones for screening for Down syndrome has its 
peculiarities. A major influencing factor is the race. One of the challenges involved in the 
laboratory support is the absence of reference standards for blacks. Laboratory analyses are 
done without standard references that are acceptable and reproducible. There are 
automated machines that are designed to generate values, compare with multiples of 
median and report immediately. Maternal samples from Nigeria and many other countries 
are analysed in South Africa or Europe until very recently. This has to do with the huge cost 
of analysis machines that is beyond the capacity of many centres in Nigeria. The implication 
of analysing in a distant centre is that it takes longer days to transport samples and delay the 
time of decision making. This delay could be more tolerable if there are local regional 
centres in the country that could as well conduct first trimester analysis. 
Another important factor that could affect the utilization is that of availability of ultrasound 
scan. In Nigeria, ultrasound scan is available in many obstetric units and mostly utilized by 
pregnant women (Lamina, et al., 2004).  

Non Health Service Factors 
Awareness  
Awareness about prenatal screening and diagnosis in Nigeria among both the health 
practioners and public has been shown to be poor (Oloyede, et al., 2003, Oloyede, 2008). The 
role of health workers in the dissemination of appropriate information about prenatal 
diagnosis is very important (Oloyede,et al., 2003). This is what informs appropriate referral 
for utilization of screening service. Until after 2006, many health workers would refer 
women outside the country for prenatal diagnosis services or do nothing. Suggestions to 
improve awareness among the health workers include, incorporating education about 
prenatal screening and diagnosis into undergraduate education, wider dissemination of 
information in journals and scientific conferences and discussion in academic symposia 
(Oloyede, 2003). 
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Among pregnant women, there is a surprising good awareness of prenatal screening and 
diagnosis generally (Oloyede and Oyedele, 2008). Majority however, think only in terms of 
obvious structural defects that can be diagnosed through ultrasound scan. The traditional 
folk are also aware that advance maternal age is a risk factor to many fetal abnormalities 
and would therefore encourage early completion of procreation. Improvement in the 
awareness of Down syndrome screening could be achieved through information 
dissemination in local mass media in a manner that can be easily understood and 
appreciated. Information should address widely known preformed ideas and conceptions 
about the origin of conditions as well as the options of early diagnosis.     

Cost 
In Nigeria, cost is a major determinant of utilization of healthcare services. The majority of 
people live below poverty line and are struggling to cope with basic necessities of survival. 
Studies have demonstrated that the bulk (98.9%) of women that utilize prenatal diagnosis 
services are in the high socioeconomic group (Oloyede, 2005, Oloyede, 2008). Low 
utilization of prenatal screening was attributed to cost in 39.7% among other causes 
(Oloyede, 2008). Issues of subsidy from both governmental and non governmental agencies, 
bulk purchase of reagents for laboratory analysis are few suggestions to reduce cost 
(Oloyede, 2003). The introduction of scan screening would also reduce cost of screening in 
Nigeria.  

Legal status of abortion 
One of the controversial and ethical issues in Down syndrome screening is that of abortion. 
Most women that utilize prenatal screening have the issue of termination to contend with. In 
a study in Lagos, 70% of respondents would terminate a fetus that is affected (Oloyede, 
2006). In taking a decision, few other factors may be important. Women with previously 
affected person in the family are much more likely to terminate than otherwise. Screening in 
the first trimester offers a better opportunity for safer termination than second trimester 
screening. Various associations such as the Down syndrome association of Nigeria and the 
Down syndrome South Africa are also cautious in the campaigning for or against abortion. 
This is because, it is viewed that the final decision is entirely a personal issue.  Abortion law 
is restrictive in Nigeria and many other countries in sub Saharan Africa. Counseling 
following prenatal screening and diagnosis is largely non directional and leaves the option 
of termination in the hands of the couple.  
Abortion following the screening and diagnosis of Down syndrome has been shown to 
reduce the prevalence of the condition in South Africa (Molteno, 1997). Considering the 
handicap in the care of the Down syndrome in the society in Nigeria and many other sub 
Saharan African countries, abortion may be a rational decision for affected cases. 

Religion  
Religion is sometimes a barrier to the wider utilization of prenatal screening services in 
Nigeria. It is responsible for poor utilization in about 28% of women in a Nigerian study 
(Oloyede and Oyedele, 2008). It is believed that the predominant religions in Nigeria are not 
well disposed to investigating the status of an unborn child, nor the decision to abort any 
fetus with genetic disorder (Oloyede, 2002). 
The observation from Nigeria is that the influence of religion is modified by the occurrence 
of any previous congenital defect. Interestingly, another study in Nigeria showed that many 
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couples underwent prenatal diagnosis for Sickle cell disorder solely to be informed and 
prepare for the birth and care of an affected child (Olatubosun, 2000). 

2.2 Supportive measures 
Supports should be offered to all people living Down syndrome to optimize their chances of 
survival and quality of life. There are three levels at which these supports could be offered 
in an integrated approach to achieve the best effect 
1. Family level 
2. Community/Society level 
3. Governmental level   
Family level 
The family system in Nigeria is more of extended rather than nuclear based. The benefit 
from such system is that family burdens can be shared. Unfortunately, it has the opposite 
effect in respect of children with Down syndrome. Consequently, many families would not 
share such information with other families. Indeed, it is as ridiculous in some situation as to 
necessitate hiding Down child from neighbours and visitors. The level of support from the 
family is perhaps the most important determinants of outcome in children with Down 
syndrome. The family should realize that love, affection and tolerance are the very key to 
successful outcome and perhaps this would help to discourage the usual habit of child 
abandonment. The children need special learning skills which have to be started very early 
from the home. This is because of the generally lower IQ compared with normal children. 
The coming together of families with Down syndrome children should be encouraged for 
exchange of knowledge and skill in the management of the condition.  
Community/Society level 
The society is to complement the roles of both the family and the government. This is better 
achieved through nongovernmental organizations such as the Down Syndrome 
Associations. In Nigeria, the Down syndrome Association of Nigeria serves as the main 
rallying point for all activities about Down syndrome. In particular, the body initiates and 
encourages the implementation of all measures that improves the survival of the Down 
syndrome child. Outside the body, few other organizations have come up as homes for the 
less privilege that try to address the challenges associated with Down syndrome.  
A problem that is common to all these initiative is lack of societal support as well as 
governmental assistance to function optimally. In addition to this, many communities in 
Nigeria, patronize and discriminate against children with Down syndrome. Recently, there 
has been noticeable positive change in the societal attitude to Down syndrome. More public 
programmes are now organized to increase awareness about the condition and solicit for 
support in the care of those affected.        
Governmental level 
In Nigeria, major health policies and implementation are government driven. In particular, 
health problems that are considered rare in occurrence and impact are given little attention. 
The peculiar educational need of the Down syndrome child requires that special school 
curriculum is designed to optimize their potential.  
The area of support would be: 



 
Down Syndrome in Nigeria Sub Saharan Africa  

 

173 

Incorporation of health programmes that relates to prenatal screening and diagnosis of 
Down syndrome as well as screening and management of health complications into the 
national health system  
Provision of subsidy to Down syndrome associations and other related bodies for better 
execution of programmes 
Establishment of schools with special curriculum for those physically challenged by Down 
syndrome. This is considered more advantageous than educating them in regular schools in 
Nigeria 
Organization of special events to draw attention to the plight of those with Down syndrome 
and to encourage community assistance. This could be in form of activities such as yearly 
marathon race 
Design of social infrastructures that makes daily living easy for people with Down 
syndrome such as walk ways and bus lifts.  

3. Conclusion 
The up to date statistics about Down syndrome in Nigeria and many other sub Saharan 
countries is difficult to determine. However, empirical evidences from the few scientific 
publications available suggest that the condition is equally important and may even be more 
prevalent in the country than previously insinuated. The challenges faced in Nigeria include 
1. Determine the exact magnitude of the problem 
2. Early detection of cases through prenatal screening and diagnosis 
3. Effective care for those affected in the population.  
There are evidences to suggest that statistics can be updated in the next few years. 
The last challenge is the most worrisome. This is because of the apparent lack of enthusiasm 
and slow response to initiatives to effectively care for the effected. In addition, there are 
inadequate facilities to adequately manage and optimize the survival and quality of lives of 
those affected.  
Early detection appears the most feasible short term option in Nigeria. It gives the benefit of 
choice to the women. This approach involves both prenatal screening and diagnosis. 
Though not widely available, it has been shown to be favoured by many women. It will take 
a long time before a wide array of screening options become available in Nigeria. The cost, 
manpower and other logistics are prohibiting factors. In the meantime, the nuchal 
translucency scan holds the best promise for a wide scale screening. it is relatively cheaper 
to undertake and with less logistic required. Moreover a strong desire has been expressed 
by women for first trimester screening, with preference for the ultrasound scan (Oloyede 
and Oyedele, 2008). Efforts to improve on its availability and utilization would among other 
initiative involve review of training local curriculum to better emphasize prenatal medicine 
and collaboration between local and foreign postgraduate medical colleges for exchange and 
update of knowledge and skills. 
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1. Introduction 
Down syndrome (trisomy 21), which has an incidence of 1 in 800 live births, is considered to 
be the most frequent etiology of mental retardation and it is the predominant reason for 
women seeking prenatal diagnosis [Driscoll & Gross, 2009]. Trisomy 21 is used as a 
benchmark because it is the most common aneuploidy compatible with life and is associated 
with mental retardation and serious congenital anomalies. Currently used screening tests for 
aneuploidy are based on the assessment of fetal sonographic markers and/or the evaluation 
of biochemical markers in the maternal circulation during the first and second trimester. 
Screening test based on the combination of nuchal translucency assessment and biochemical 
markers at 11+0-13+6 weeks of gestation may detect 90-94% of pregnancies affected by Down 
syndrome at a false positive rate of 5% [Kagan et al., 2008]. The current gold standard for 
diagnosis of trisomy 21 is provided by invasive sampling of fetal genetic material through 
chorionic villus sampling (CVS) or amniocentesis followed by conventional cytogenetic or 
DNA analysis; however, both procedures are associated with an increased risk of fetal loss 
of about 1% and therefore they are recommended for pregnancies considered to be at high 
risk of fetal trisomy 21 [Alfirevic et al., 2003].  
Since 1997, when cell free fetal DNA in maternal circulation was discovered, the research 
interest has focused on the development of reliable techniques for non-invasive prenatal 
diagnosis (NIPD) that would allow the direct analysis of fetal genetic material based on the 
discovery of cell-free fetal (cff) DNA and RNA in the maternal circulation. Current 
investigation fields of NIPD include fetal Rhesus D genotype determination in RhD negative 
women, fetal sex determination for sex-linked disorders and the role of cffDNA in 
pregnancy disorders such as preeclampsia but the holy grail of NIPD remains the detection 
of fetal aneuploidies [Honda et al., 2002; Bianchi et al., 2005]. The direct analysis of 
circulating fetal DNA for the NIPD of chromosomal aneuploidies is mainly complicated by 
the presence of the coexisting background maternal DNA. NIPD will hopefully overcome 
the limitations of the currently used methods for diagnosing Down syndrome antenatally 
and make prenatal testing safer for pregnant women and their fetuses. However, 
irrespective of which strategy is selected for isolating or distinguishing fetal genetic material 
in maternal plasma, the small quantity of cffDNA and cff mRNA poses severe technical 
challenges; all these issues should be addressed before the clinical application of these 
methods as screening test with high sensitivity, specificity and reproducibility.  
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In this chapter, we focus on recent advances  in the NIPD of Down syndrome via the use of 
fetal cells or cell-free nucleic acids, and provide an overview of the future perspectives in 
terms of  improvement of enrichment technologies and assaying methods and possibilities 
for clinical applications as well.   

2. Intact fetal cells and cell-free fetal DNA in the maternal circulation 
It has been established for over a century that fetal cells circulate in the maternal blood 
throughout gestation although the rarity of these cells limits eventually the practicability of 
a diagnostic process based on their enumeration in maternal plasma. A considerable 
challenge for the researchers in this field is to enrich or isolate these rare fetal cells, either for 
cytogenetic analysis by fluorescence in situ hybridization (FISH) or for analysis of fetal cell 
DNA by other molecular techniques [Bianchi and Hanson, 2006; Mavrou et al., 2007].  
Several studies have reported that the number of fetal cells in maternal blood is markedly 
increased up to six times in women bearing aneuploid fetuses [Falcidia et al., 2004]. A large-
scale study for this cell-based approach, conducted by the National Institute of Child Health 
and Human Development in the USA, demonstrated that detection of trisomy in these fetal 
nucleated erythrocyte cells is difficult possibly due to the fact that the chromosomes in these 
cells disintegrate some time before the nucleus is eliminated from the cell, making FISH 
analysis of samples from maternal circulation unreliable [Bianchi et al., 2002; Babochkina et 
al., 2005]. The use of fetal cells other than fetal nucleated red blood cells also found in 
maternal circulation has been studied, however these cells are able to persist for years, or 
even decades, following previous pregnancies and this persistence limits their potential 
value for NIPD [Guetta et al., 2003]. Possible explanations include a simple presence of these 
fetal cells or the fact that the maternal hematopoietic system becomes engrafted with fetal 
stem cells during pregnancy [Puszyk et al., 2008].  
The first experimental demonstration of cffDNA in the maternal plasma and serum of 
women carrying male fetuses by Lo et al., (1997), opened up new possibilities in NIPD. Lo et 
al. were inspired by previous reports that documented the presence of tumour-derived 
DNA in the plasma of women suffering from a variety of cancer types. Potential sources of 
cffDNA include the fetal nucleated red blood cells which undergo apoptosis in the maternal 
circulation but the most likely source of origin is the placenta [Alberry et al., 2007]. 
Paternally derived DNA sequences in cffDNA can be reliably identified in maternal plasma, 
from as early as 5 weeks after conception and there is a positive correlation with gestational 
age. In particular, the median values of the quantity of cffDNA are 15.9, 21.5 and 52.0 
genome equivalents/ml of blood in the first, second and third trimester respectively; the 
accumulation of cffDNA as pregnancy progresses lends further support to the placental 
origin of cffDNA [Lo et al., 1998; Sekizawa et al., 2001; Birch et al., 2005]. In particular, 
cytotrophoblasts (CTBs) are a likely candidate as a source of cffDNA; however, the 
increased rate of hyperploidy in these cells and the yet unknown relationship between the 
ploidy status of these cells and the ploidy of cffDNA in maternal circulation could make a 
diagnostic test problematical [Weier et al., 2005]. Moreover, there is a link between hypoxia 
and an increasing release of cffDNA that led to the suggestion that it may be a useful 
biomarker to assess well-being of the placenta during pregnancy [Tjoa et al., 2006].  It is 
known that cffDNA represents a mean of 3-6% of the DNA that is present in maternal 
plasma while the bulk of the DNA is derived from the mother herself and a rapid clearance 
occurs post partum with a half-life in the order of 16 minutes despite the narrow conflicting 
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results [Invernizzi et al., 2002; Rijnders et al., 2004]. First applications of cffDNA included 
prenatal determination of fetal sexing based on paternally derived DNA sequences such as 
SRY, determination of Rhesus-D status of the fetus and detection of paternally inherited 
genetic abnormalities [Lo, 2006; Van der Schoot et al., 2006]. 

3. Detection of trisomy 21 from nucleic acids in the maternal plasma  
There are two approaches for the detection of trisomy 21 based on the use of cffDNA in 
maternal circulation. The first is defined as the relative chromosome dosage (RCD) method 
and compares the quantity of a chromosome 21-derived DNA sequence in cffDNA with the 
amount of a reference DNA sequence in cffDNA derived from a chromosome other than 
chromosome 21 [Lo et al., 2007a]. In a normal pregnancy the RCD of chromosome 21 is 2:2, 
whereas in trisomy 21 the RCD is expected to be 3:2. The second method is defined as the 
allele ratio (AR) method and involves the allelic ratio of single nucleotide polymorphisms 
(SNPs) present in a fetal-specific nucleic acid marker [Tong et al., 2006]. In a normal 
pregnancy where the fetus is heterozygous for a particular gene sequence, the AR in cffDNA 
is expected to be 1:1 whereas in a case of trisomy 21 the AR of chromosome 21 would be 2:1. 
The main disadvantage of this approach is that it is applicable only to heterozygous fetuses 
for the analyzed SNP.    

3.1 Fetal DNA enrichment methods  
The detection of fetal chromosomal aneuploidies with the aid of cffDNA presents 
considerable technical challenge: first, to select a subset of nucleic acid in maternal plasma 
that is completely fetal specific and second, to determine the chromosomal dosage in this 
subset. The major technical challenge that makes NIPD a demanding task is that cffDNA 
makes up a low proportion in maternal plasma in a high background of maternal DNA. 
Currently, several assay procedures are developed in order to enrich and enhance the 
fractional concentration of fetal DNA or just to distinguish the cffDNA in maternal blood 
samples. One point of differentiation between cffDNA and cell-free maternal DNA 
(cfmDNA) is that the first has a shorter size distribution (the majority being 145 bp in length 
or shorter whereas cfmDNA is significantly longer) [Li et al., 2004]. Based on this 
observation, researchers try to apply methods of size fractionation with the aid of various 
kits and columns that rely on the inability of large molecular weight DNA to pass through 
or by retention of low molecular weight DNA in a gel or column [Legler et al., 2007]. Main 
disadvantages of this approach are: a) the currently used electrophoretic method is labor-
intensive and probably prone to contaminations and b) it is unknown if the provided DNA 
enrichment is enough satisfactory for the prenatal diagnosis of chromosomal aneuploidies 
[Lo, 2008]. In 2004, Dhallan’s group proposed a specific blood processing protocol in which 
the addition of formaldehyde in maternal blood samples before centrifugation dramatically 
increased the percentage of fetal DNA recovered with the concurrent suppression of the 
maternal DNA background [Dhallan et al., 2004]. There are two speculations about the role 
of formaldehyde in increased yield of fetal DNA: a) prevention of maternal cell lysis and 
subsequent reduction of the amount of cfmDNA, and b) prevention of the degradation of 
cffDNA via its nuclease inhibitory effect [Dhallan et al., 2004]. The same research group 
supported that the application of this technique resulted in a significant increase in the 
proportion of cffDNA present from a maximum of about 6% to mean values of 20.2-25% in 
samples collected during various stages of gestation [Dhallan et al., 2004]. In an attempt to 



 
Prenatal Diagnosis and Screening for Down Syndrome 

 

180 

reproduce these results, other investigators confirmed the previous results and reported a 
similar or a less pronounced increase of cffDNA (1-3%) whereas other studies yielded 
inconsistent results [Costa et al., 2004; Chinnapapagari et al., 2005]. A possible reason for 
this discrepancy is that the sample processing time differs between the studies and it is 
known that the amount of time spent in the tube affects the concentration of total cell-free 
DNA [Zhang et al., 2008]. Zhang et al. (2008) proposed that the formaldehyde addition will 
offer a beneficial effect if there is a delay > 6 hours in sample processing as they 
demonstrated no maternal blood lysis or released extra maternal free DNA into plasma 
within the first six hours. Future studies should be conducted to clarify the contribution of 
elapsed time between blood-taking and processing on the recovery of cell-free DNA from 
maternal plasma and determine other confounding factors in the effect of formaldehyde.       
The quantification of cffDNA in maternal circulation from women carrying Down syndrome 
fetuses could also serve as a prognostic marker for trisomy 21 as quantitative aberrations in 
biochemical markers of placental origin that contribute to the aneuploidies screening tests. 
Previous studies present conflicting results as both a two-fold increase and no significant 
difference in maternal concentration of cffDNA have been reported [Lee et al., 2002; Spencer 
et al., 2003]. Possible explanations of the observed discrepancy between the reported results 
include the small number of samples examined, the variable degree of placental apoptosis, 
the broad ranges of cffDNA concentration at each stage of pregnancy and other sampling or 
methodological variables that might affect the level of circulating cffDNA. In a recent study, 
DNA from pre-CVS maternal samples was extracted from 72 trisomy 21 and 264 control 
pregnancies and authors concluded that there is no difference in first trimester cffDNA 
levels and the quantification of cffDNA (studied only in pregnancies with male fetuses) has 
no prognostic value at least in the early stages of pregnancy [Gerovassili et al., 2007]. 
However, quantification of cffDNA in maternal plasma might be a valuable second-
trimester serum marker of Down syndrome pregnancy. Farina et al., found that the maternal 
serum fetal DNA concentrations were elevated in 15 Down syndrome cases during the 
second trimester and that fetal DNA could give a 21% detection rate at a 5% false positive 
rate; in addition, fetal DNA increased the estimated detection rate of quadruple test from 
81% to 86% at a 5% false positive rate [Farina et al., 2003].  Main limitation of this approach 
is that its screening performance has been evaluated only in pregnancies with male fetuses 
with the aid of unique DNA sequences on the Y chromosome and when a reliable gender-
independent fetal DNA marker will be assayed, its clinical utility should be reassessed.  

3.2 The role of epigenetic markers in rapid detection of Down syndrome  
The term epigenetics refers to the molecular processes that affect gene expression with the 
concurrent avoidance of any change in DNA sequence or content. The most studied 
epigenetic process is the DNA methylation, which involves the addition of a methyl group 
to the cytosine residues of a DNA sequence and when it occurs in the promoters of genes 
has an inhibitory effect on the gene expression. Epigenetic markers for cffDNA have been 
discovered for other aneuploidies; these are SERPINB5 (serpin peptidase inhibitor, clade B, 
member 5; also known as maspin) on chromosome 18 and RASSF1A (Ras association 
[RaIGDS/AF-6) domain family 1] on chromosome 3 [Lun et al., 2007]. In addition, the 
allellic ratio for placental-derived hypomethylated SERPINB5 molecules in maternal plasma 
was further shown to be valuable in the non-invasive detection of trisomy 18 [Tong et al., 
2006]. Nowadays, there is intense interest to identify differentially methylated DNA 
patterns on chromosome 21 between the placenta and maternal blood cells in order to 
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develop a similar method for the NIPD of Down syndrome. Such epigenetic markers could 
be useful either via the analysis of the epigenetic allelic ratios or directly compared with a 
placenta-derived DNA methylation marker on a reference chromosome [Tong et al., 2006].  
A potential issue for any epigenetic approach to NIPD is the interindividual epigenetic 
variation as it has been documented in monozygotic twins; moreover, this process is 
regulated in a dynamic manner as epigenetic differences seem to increase over time in a 
process described as ‘’epigenetic drift’’. However, epigenetic biomarkers sequences whose 
methylation has a functional significance may be subject to less individual variation than 
others with no functional constraint. The discovery of a number of DNA sequences that are 
differentially methylated between maternal and fetal DNA could provide novel markers for 
cffDNA via the quantification of fetal-specific DNA sequences derived from chromosome 
21. One previous study described the methylation status for chromosome 21 in placenta and 
blood samples after the selection of sequences in promoter and non-promoter regions but it 
relied on an assay that used a methylation-sensitive restriction enzyme, HpaII that enables 
the analysis of a small proportion of all the CpG sites in the human genome [Old et al., 
2007]. Differentially methylated sequences located at 21q22.3 (AIRE, SIM2 and ERG genes), 
1q32.1 (CD48 gene and FAIM3 gene), 2p14 (ARHGAP25 gene) and 12q24 (SELPLG gene) 
were identified. Moreover, it was demonstrated that the methylation status for the 
sequences tested was not altered between early and term pregnancy [Old et al., 2007]. 
Recently, Chim et al. have performed a systematic search of 114 studied genomic regions 
(CpG islands) on chromosome 21 in a search for loci that were differentially methylated in 
placental tissue and blood cells and identified 22 (19%) that showed epigenetic differences 
between the maternal and fetal tissues [Chim et al, 2008]. The next step was to propose two 
new fetal-DNA epigenetic markers, U-PDE9A and U-CGI137 found in the maternal 
circulation only during pregnancy and rapidly cleared upon delivery of the fetus [Chim et 
al, 2008]. This research group used a high resolution approach via bisulphite sequencing 
that increased the number of applicable CpG sites by 5-fold compared with the above-
mentioned HpaII-based approach. These promising results suggest that fetal-specific 
epigenetic markers on chromosome 21 may provide a rich source of markers for NIPD. A 
novel method of trisomy 21 detection measures the ratio of a fetal-specific epigenetic marker 
on chromosome 21 (the putative promoter of the holocarboxylase synthetase (HLCS) gene) 
that is hypermethylated in the placenta and a genetic marker (ZFY, zinc finger protein, Y-
linked) to determine the chromosome-dosage comparison in 5 maternal plasma samples 
from women carrying a fetus with Down syndrome [Tong et al., 2010]. Instead of ZFY, any 
other Y-chromosomal markers or any fetal-specific genetic targets that will be applied in 
female fetuses could also be used. Also, the placenta-specific epigenetic signature could be 
combined with the RNA transcripts of placental origin. This epigenetic-genetic chromosome 
dosage approach appears to be more precise compared to an approach based purely on 
epigenetic markers that will be extensively affected by the variability in the level of DNA 
methylation of individual molecules. Another group of investigators presented an 
alternative approach using methylation-dependent immunoprecipitation (MeDiP) that 
captures methylated sites combined with real-time quantitive PCR and identified 14 trisomy 
21 cases and 26 euploid controls from pregnancies of 11-14 weeks old [Papageorgiou et al., 
2011]. The accurate diagnosis of fetuses with Down syndrome was based on the ratio of a 
subset of fetal-specific methylated regions located on chromosome 21 compared with 
normal cases and regarding the clinical performance of the method both the sensitivity and 
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specificity were 100% [Papageorgiou et al., 2011]. The main methods performed for the 
study of DNA methylation are methylation-dependent immunoprecipitation (MeDiP), 
bisulphite conversion of DNA, and methylation sensitive restriction endonuclease assay to 
digest away the maternal sequneces. Main limitations of the most commonly used methods 
for DNA methylation analysis are that the use of bisulphite-based reagents results in DNA 
degradation (up to 96%) and thus in reduction of target DNA available for subsequent 
analysis and the methylation sensitive restriction endonuclease assay is limited to the 
differentially methylated regions that contain a restriction site [Grunau et al., 2001].          

4. Chromosome 21-encoded mRNA of placental origin in maternal circulation  
In 2000, Poon et al. showed that mRNA transcribed from the Y chromosome could be 
detected in the plasma of women carrying male fetuses [Poon et al., 2000]. Since then, a 
series of reports confirmed that cell-free fetal m RNA (cffRNA) circulates in the maternal 
plasma in a relatively protected form and is predominately placental in origin; therefore, it 
could be valuable in NIPD for Down syndrome [Tsui et al., 2002]. The underlying 
mechanisms by which mRNA appears in the maternal plasma remain unknown, although 
programmed cell death (apoptosis) seems to be involved. The transfer of cffRNA is 
unidirectional from the placenta to the maternal circulation and microarray-based studies of 
the placenta are conducted to investigate the global m RNA expression profiles in placenta, 
a tissue type that is only present in the fetus [Maron et al., 2007]. The m RNA transcripts of 
two genes expressed in the placenta, human placental lactogen (h PL) and human chorionic 
gonadotrophin (β HCG) have already been detected and quantified throughout gestation in 
maternal circulation [Chiu et al., 2006].  
The potential utilization of cffRNA in detecting fetal trisomy is based on the assumption 
that the allelic ratio in mRNA matches the chromosomal AR; therefore, the research interest 
is focused on the discovery of single nucleotide polymorphisms (SNPs) as biomarkers that 
will exhibit the 2:1 ratio of alleles in trisomy 21 to ascertain the aneuploidy status [RNA-SNP 
allelic ratio approach]. Candidate m RNA markers should be encoded from genes located on 
chromosome 21 and be detectable in maternal plasma during early pregnancy. The first 
valuable cffRNA marker shown to be highly accurate in assessing trisomy 21 is PLAC4 
(placenta-specific 4) m RNA transcribed from the PLAC4 gene on chromosome 21 and 
originating exclusively from fetal cells in the placenta and cleared following delivery of the 
fetus [Lo et al., 2007 b]. If the fetus is euploid, that is containing two copies of chromosome 
21 and thus two copies of the PLAC4 gene, the ratio of the two candidate SNP alleles would 
be 1:1. Similarly, the ratio of placental mRNA in maternal plasma that is transcribed from 
each of these two alleles would also be 1:1. However, if the fetus has trisomy 21, then the 
RNA-SNP allelic ration would become 1:2 or 2:1 [Lo, 2009]. Compared with the epigenetic 
approach, the evaluation of RNA-SNP allelic ratio has two advantages; first, the 
transcription of a gene in the placenta will produce multiple copies of m RNA and second, 
application of reverse transcriptase PCR to detect m RNA markers is less complicated 
technique than bisulfite conversion methods used for the identification of epigenetic 
markers. The main drawback of this RNA-SNP allelic ratio approach is that it relies upon 
the fetus inheriting two different SNP alleles in a region which is transcribed into m RNA 
and therefore only fetuses heterozygous for the analysed SNP can be successfully 
diagnosed. Another candidate gene for this purpose is LOC90625 within the Down 
syndrome critical region that is over expressed in trisomy 21 placentas even from the first 
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trimester [Oudejans et al., 2003]. RNA from this chromosome was found to be present in 60-
100% of maternal samples depending on the volume of plasma sample analysed leading to 
the conclusion that the detection of encoded m RNA could be used in NIPD. 
This approach seems to be quite promising as in a recent study Lo et al. recruited a sample 
of 119 pregnancies and trough the use of a mass spectrometry-based method for measuring 
the RNA-SNP allelic ratio precisely, demonstrated that this strategy could achieve a high 
diagnostic sensitivity and specificity for trisomy 21 (90% and 96.5% respectively) [Lo et al., 
2007b]. The application of novel molecular techniques as digital PCR in which individual 
target molecules are amplified will possibly improve the protocols for plasma RNA 
processing and extraction and further increase the diagnostic yield. This method could also 
be useful in the detection of other fetal-derived m RNA species in maternal plasma. 
Hopefully, the reproducibility of these success rates maybe with the addition of other 
markers of similar value to that of PLAC4 in large-scale clinical trials will open up new 
avenues in NIPD.  

5. Novel techniques for the prenatal detection of Down syndrome   
The urgent need for the widespread application of NIPD in the detection of trisomy 21 has 
created strong interest in rapid and accurate single-molecule counting methods [digital 
PCR, multiplexed maternal plasma sequencing] which could be used in routine clinical 
diagnosis in the form of automated platforms. These methods will be gender-and 
polymorphism-independent and will detect trisomy 21 cases based on the presence of an 
elevated amount of chromosome 21 sequences in maternal blood.  The main disadvantage of 
these approaches is that they require the counting of an extremely large number of 
molecules for markers that are not fetal-specific (random sequences from chromosome 21) 
and their use demands expensive equipment and reagents and complex bioinformatics 
methods. We present an overview of the currently proposed techniques that have been 
associated with encouraging results in the detection of fetuses with Down syndrome and 
will hopefully be moved into the practical application.  

5.1 Digital polymerase chain reaction (PCR) technology 
The above-mentioned approaches (the fetal enrichment techniques, the epigenetic markers, 
the RNA-SNP allelic ratio method) try to resolve the issue of the low fractional 
concentration of fetal DNA in maternal circulation and the technical challenges that it poses 
in the direct detection of chromosomal aneuploidies with conventional methods, for 
example by real-time PCR [Lo et al., 1998]. Recent reports have indicated that digital PCR, a 
method that was initially applied in the determination of the allelic frequencies of oncogenic 
alterations in samples from patients with cancer, could be a valuable new tool in NIPD of 
trisomy 21 [Zimmermann et al., 2008]. In 2007, Lo et al., used digital PCR to discriminate 
trisomy 21 placental DNA samples from euploid ones after having applied this method in 
the measurement of the RNA-SNP allelic ratio for non-invasive detection of fetal aneuploidy 
in microwell plates [Lo et al., 2007]. In particular, they were able to distinguish four 
aneuploid fetuses from nine normal ones based on the PLAC4 m RNA SNP approach. In 
their second trial, the same research group applied a dosage approach and compared the 
dosage of a locus on chromosome 21 to a locus on the reference chromosome 1 and tried to 
detect fetal aneuploidy in artificial mixtures of euploid and aneuploidy DNA with as low as 
25% trisomic material (a concentration that could be obtained in clinical samples using 
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enrichment strategies for cffDNA sequences). The innovation of digital PCR is that multiple 
PCRs are performed in parallel and each PCR will contain either a single or no target 
molecule. Subsequently, the counting of the number of the positive reactions at the end of 
amplification will lead to the estimation of the number of input target molecules. The same 
research group has also defined the number of molecules needed for trisomy detection in 
different fetal DNA concentrations. Digital PCR does not depend on allelic distribution or 
gender and is able to detect signals in the presence of mosaics or contaminating maternal 
DNA; the widespread application of this method is still limited by that the fact that a large 
number of digital PCRs are needed for each analysis [Fan and Quake, 2007]. Fan and Quake 
used for their assay material obtained from a cell line with trisomy 21 and genetic material 
from cells with a normal genomic complement on a microfluidic chip [Fan and Quake, 
2007]. The next step was to compare the dosage of an amyloid gene sequence on 
chromosome 21 to that of the GAPDH [glyceraldehydes 3-phosphate dehydrogenase) on 
chromosome 21 which was used as reference sequence. Their preliminary results suggest 
that digital PCR should be indicated for the discrimination between aneuploid and normal 
samples. It is noteworthy that the discrimination was possible even when the aneuploidy 
material represented a low proportion (10%) of the total material being examined, indicating 
the clear advantage of this method over conventional techniques such as real-time PCR or 
fluorescent quantitive PCR (QF-PCR). A significant barrier for using digital PCR is the small 
fraction of cffDNA in maternal plasma but an approach like size-fractionation that enriches 
cffDNA could overcome it. So far the reported encouraging results come from few 
preliminary studies and the question whether this method could be introduced as a 
screening tool has not yet been answered. In the near future, it seems likely that the efficacy 
of novel applications as microfluidic digital PCR and emulsion PCR that allow the 
simultaneous performance of few thousands of reactions in a single PCR step will be 
assessed [Zimmermann et al., 2008].  

5.2 Shotgun sequencing DNA  
Shotgun sequencing DNA technology is based on the massively parallel sequencing of DNA 
that produces tens of millions of short sequence tags in a single run followed by mapping to 
the chromosome of origin and measurement of the over- and underrepresentation of 
chromosomes from an aneuploidy fetus [Mardis 2008]. Fan et al., used this method and 
successfully identified all nine cases of trisomy 21 in their study population at gestational 
ages as early as the 14th weeks [Fan et al., 2008].  Further studies are required to specify 
technical features as the sample-volume limitations and the variations in the counts of 
sequenced fragments from sample to sample; in addition, this technology will contribute to 
current knowledge about cell-free nucleic acids revealing unknown features about plasma 
mRNA distributions and epigenetic features of plasma DNA.  

5.3 Multiplexed maternal plasma DNA sequencing  
Multiplexed maternal plasma sequencing can overcome the difficulty that poses the small 
proportion of fetal DNA in maternal circulation as it can identify and quantify millions of 
DNA fragments in biological samples in a span of days [Schuster 2008]. The feasibility and 
the diagnostic performance of this alternative approach has already been explored in three 
cohort studies that recruited few Down syndrome cases with promising results [Chiu et al., 
2008; Fan et al., 2008; Chiu et al., 2010]. A recent large-scale validity study used multiplexed 
maternal plasma DNA sequencing analysis in 753 pregnant women at high risk for fetal 
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trisomy 21 according to the results of conventional screening who underwent invasive 
procedures for full karyotyping [Chiu et al., 2011]. Two different protocols (2-plex protocol 
and 8-plex protocol) were used with different levels of sample throughput followed by the 
measurement of the proportion of DNA molecules that originated from chromosome 21. The 
2-plex protocol achieved 100% sensitivity and 97.9% specificity to rule out trisomy 21 with a 
positive predictive value of 96.6% and negative predictive value of 100% while the 8-plex 
protocol with which less plasma DNA molecules were analyzed, exhibited a relatively 
moderate diagnostic performance. The researchers also concluded that if the referrals for 
amniocentesis or CVS were based on the sequencing tests results, invasive diagnostic 
procedures could be avoided in about 98% of the cases in a high-risk population [Chiu et al., 
2011]. Further studies will confirm the suitability of this method as first trimester screening 
test in the general population and its cost-effectiveness as it is currently expensive and not 
easily accessible to diagnostic laboratories.  

6. Prenatal detection of Down syndrome through detection of trophoblasts in 
cervical smears 
Fetal cells are also present in the uterine cavity from 5 to 15 weeks of pregnancy and are 
most probably exfoliated extravillous trophoblasts (shed from the placenta) [Holzgreve and 
Hahn, 2000]. Trophoblast cells can be retrieved from the cervical canal using aspiration, 
cryobrush or cotton wool swabs, endocervical lavage, and intrauterine lavage. Initial 
approaches using endocervical samples obtained by mucus aspiration or by cryobrush 
resulted in higher success rates of fetal sex prediction [Griffith-Jones et al, 1992; Falcinelli et 
al, 1998]. However, direct PCR amplifications from unpurified transcervical cells are likely 
to result in maternal cell contamination. A more recent study using PCR and FISH analyses 
on transcervical cells resulted in poor detection of fetal cells [Cioni et al, 2003]. To 
distinguish trophoblast cells from the predominant maternal cell population in transcervical 
cell samples, antibodies directed against placental antigens were employed [Koumantaki et 
al, 2001; Bulmer et al, 2003]. These analyses resulted in an overall detection rate of 
trophoblasts of 25 to 93%.   
Another suggestion is that fetal cell search can be improved through better and faster 
recognition of fetal cells with the aid of automated scanning (automated microscope 
systems). Theoretically, the automated microscope could work faster and continuously and 
thus process more cells or more samples than the fatigued human. Analysis of interphase 
nuclei by FISH, can be used to detect numerical chromosome aberrations (Evans et al., 1992; 
Ward et al., 1993). The attraction of FISH as a relatively simple approach is based on 
experience with peripheral blood, amniocentesis samples, and transcervical samples, which 
have large numbers of cells to examine so that occasional poor signals are only a nuisance. 
With the few fetal cells available in fetal cell work, FISH quickly shows limitations. It seems 
necessary to further develop automated microscope systems, which would robotically 
identify and analyse putative target fetal cells. A recent study tested the hypothesis that fetal 
cells retrieved from the distal endocervical canal during the first trimester (as early as 5 
weeks) may be a source of fetal genetic material for NIPD of trisomy 21 [Sifakis et al., 2011]. 
The hybridization of fetal cells with chromosome 21 specific probes followed by analysis 
with an automated fluorescence microscope led to the successful detection in 5 out of 5 
trisomy 21 pregnancies [Sifakis et al., 2011]. Examples of the trisomy 21 cells detected, one 
from a male and the other from a female trisomy 21 pregnancy are shown in the Figure 1. 
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Additional studies with larger sample size are required to verify the potential of the 
utilization of fetal cells obtained via cervical samples for NIPD.  
 

 
Fig. 1. Identification of trisomy 21 cells in cervical samples from trisomy 21 pregnancies. 
Panel A: Male trisomy 21 nucleus exhibiting X signal (white arrowhead), Y signal (broken 
blue arrow) and chromosome 21 signals (arrows). Panel B: Female trisomy 21 nucleus 
exhibiting two X signals (white arrow heads) and three chromosome 21 signals (arrows). 

7. Conclusion 
The development of a non-invasive genetic test for Down syndrome that would provide 
true genetic information without carrying risk for the progress of the pregnancy will 
continue to be an actively researched area in prenatal diagnosis. The trials performed so far 
highlight the medical and commercial potential of NIPD but the proposed techniques are 
not yet applicable in clinical practice. A major obstacle in the widespread application of 
NIPD in clinical diagnostics is that fetal DNA constitutes a small percentage of total DNA in 
maternal blood and intact fetal cells are even rarer. In the previous years the researchers 
were trying to discover Y chromosomes sequences or paternally inherited polymorphisms 
as targeted fetal DNA markers in maternal plasma but still there is no such a single marker 
that can be applied in all fetal-maternal pairs. One promising alternative approach appears 
to be the development of gender- and polymorphism- independent fetal DNA markers with 
a unique methylation pattern that will characterize the placental-derived free DNA in the 
maternal circulation. In parallel, the refinement of novel sequencing methods will create a 
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universal test for fetal aneuploidy by using maternal plasma DNA that will not depend on 
the presence of specific genetic polymorphisms at specific loci but on the enrichment and 
quantification of cffDNA in maternal peripheral blood. Also, an important goal of the 
ongoing research is to develop laboratory protocols with the aid of bioinformatics 
algorithms that will allow their application in large sample numbers. Nevertheless, large-
scale studies will need to be performed to confirm the diagnostic efficacy of these methods 
and subsequently lead to introduction of the experimentally validated strategies into the 
clinical practice of fetal medicine.  
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1. Introduction 
The pregnancy and the adaptation to motherhood is one of the most signifcant events 
during a woman’s life time. The pregnancy is associated with major psychological and 
physical changes. The woman expects to attach to the fetus and prepare for the life as a 
mother. Interventions during pregnancy must be implemented with respect for the sensitive 
period as a pregnancy is.  
The aim with this chapter is to describe and discuss possible effects of prenatal examinations 
for Down syndrome during pregnancy on maternal-fetal attachment. Additional aims are to 
illuminate experiences and reactions during the waiting-time for test results, the experience 
of false positive results from screening examinations and the perception of complex 
information from prenatal examinations. There is of great importance to explore and 
highlight these questions to minimize the risk for negative affection on the maternal-fetal 
attachment by prenatal screening or diagnosis for Down syndrome.  

2. Maternal-fetal attachment 
One of the basic prerequisite for the survival of a new-born baby is that there is a relation of 
attachment to the parents. This means a lasting emotional relation to a person who will 
secure the baby’s trust and safety. The theory about attachment was developed by John 
Bowlby in England in the 50s.  Maternal-fetal attachment (MFA) is a concept used to 
describe the relationship between a pregnant woman and the fetus. It describes the process 
in which the pregnant woman experience feelings and emotions for the fetus. At the same 
time her maternal identity is developed.  This concept is rather new and is still not well 
studied or fully defined. MFA is based on representations of the fetus according to 
qualitative descriptions of maternal attitudes and adaption to pregnancy (Salisbury et al., 
2003). The attachment between the pregnant woman and the fetus during the pregnancy 
had been described as the first important relation to the baby and has strongly been 
associated with the following mother-child relation after the birth. The attachment to the 
fetus and later to the baby is developing successively. It starts in early pregnancy and 
increases during the pregnancy to be most intensive during the last trimester (Alhausen, 
2008, Yercheski, 2008). The concept maternal-fetal attachment was defined by professor 
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Mecca S. Cranley and are described as “the extent to which women engage in behaviors that 
represent affiliation and interaction with their unborn child” (Cranley, 1981, s 282). 
There is not consensus about the concept attachment/bonding during pregnancy. The 
definitions are in generally split in definitions which describe attachment as emotions and 
those who describes attachment as behaviours during pregnancy which indicates the 
pregnant woman’s attachment to the fetus. Three scales based on each definition of the 
concept have been developed to quantify MFA. The original maternal-fetal attachment scale 
(MFAS), developed by Cranley (1981) contains 24 items and intends to measure maternal-
fetal attachment. The scale measures to what extent the mother-to-be is engaged in 
behaviour which is expressing a sense of belonging and an interaction with the unborn 
baby. The attachment is defined as how the mother-to-be cope with the development as the 
pregnancy means.  It was developed from the attachment theory of Bowlby (Bowlby, 1969). 
The 24 items were divided into five subscales; differentiation of self from fetus, interaction 
with the fetus, attributing characteristics to the fetus, giving of self, and role taking. The 
response format is Likert-like with scores of 1 (definitely no), 2 (no), 3 (uncertain), 4 (yes) 
and 5 (definitely yes). Regarding the reliability of the scale, in previous studies. In previous 
studies the Cronbach’s alpha for the total scale ranged from .82 to .91 and for the subscales 
.52 to .73 (Bloom, 1995; Lindgren, 2001; Shieh, 2006).  
In 1990 another, the second, instrument intending to measure prenatal attachment was 
developed by Müller. This instrument – prenatal attachment inventory (PAI) was designed 
to measure the relationship that develops between the mother-to-be and the fetus. Müller 
defined prenatal attachment as the unique, affectionate relationship that develops between 
the pregnant woman and the fetus (Müller, 1993).  
According to Condon & Corkindale, 1997, the concept prenatal attachment include the 
following five factors; wishing for knowledge about the unborn baby, happiness for the 
interplay with the baby, wishing for protecting the baby and satisfying its needs, worrying 
about losing the baby or that something will be wrong with the baby, and that the baby’s 
needs have priority over the own needs. They developed the instrument MAAS (maternal 
antenatal attachment scale). Condon’s definition was closer to the attachment theory of 
Bowlby. Condon described attachment as love, his definition of attachment was “the core 
experience of attachment is love” and proposed five subjective experiences of love.  
The disposition to:  
1. Know  
2. Be with and to interact  
3. To avoid separation or loss   
4. To protect and 
5. To identify and to gratify the needs of the object (Condon, 1993; Condon & Corkindale, 

1997). 
There are some difficulties to measure maternal-fetal attachment with the self assessment 
instruments which are available today. One difficulty is the limitation of the scales in their 
sensitivity to cultural differences and experiences. An adaption of the existing scales may be 
possible. Cranley’s maternal-fetal attachment scale has been modified to a Japanese version 
with 20 items. The results of that study of 275 women confirmed previous studies. MFA 
increased significantly from gestational week 5 to gestational week 40. Feeling fetal 
movements had a particularly positive effect. Women with ambivalent feelings responded 
lower in the scale (Narita & Maehara, 1993). 
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Another close concept to maternal-fetal attachment is maternal/fetal interaction. A 
questionnaire to measure maternal/fetal interaction was developed in 1997 by Nelson. By 
this instrument the mothers spontaneous talk to herself or to the fetus assessed and 
emotional words such as “happy”, “sad”, “bored”, “excited”, “calm” or “anxious”. Higher 
scores on the scale indicate higher level of maternal/fetal interaction (Ji & Han, 2010).  

3. Factors which may affect maternal-fetal attachment 
The development of the technologies which are used in the context of pregnancy and child 
birth may have psychological consequences for the expecting mother. There are normal 
psychological changes during pregnancy. It is a period of psychological and physiological 
adaptation and causes strong emotional reactions and sometimes even ambivalent feelings. 
It is a complex process. It is also related to the partner, the own mother and friends (Bibring 
et al., 1961; Shereshefsky & Yarrow, 1975). The first part of a pregnancy is characterized as a 
vulnerable period when the woman has to accept the fetus as a part of herself (Raphael-Leff, 
1992). All interventions during pregnancy must be done with the normal psychological 
changes in mind.  
Some factors are known as such which may facilitate the attachment; the experience of fetal 
movements, support from family, friends and the partner. Higher age of the expectant 
mother, depression, worry and abuse may affect the attachment in a negative way. Higher 
levels of maternal-fetal attachment are reported when the woman has a positive relationship 
with the expectant father. Women with high- risk pregnancies do not seemed to attach to 
their fetus in a lower extent than women with normal pregnancies. Failure to attach to the 
fetus during pregnancy seems to be more common in women from poor social and 
economic conditions (Alhausen, 2008). Patient education courses seem to positively 
influence the prenatal attachment (Bellieni et al., 2007).  
In a study of 252 pregnant women MFA had a positive relationship with positive health 
practices, such as diet exercise, drug and alcohol use (Lindgren, 2001).The author discuss the 
practical problems about interventions intended to increase maternal-fetal attachment. 
There is not yet evidence which effects different interventions have on MFA. However, 
some reasons for delayed or low levels of maternal-fetal attachment are well-known, for 
example self-protection for emotional trauma suffering during a previous loss. In the 
antenatal care the care givers can try to identify women with poor maternal-fetal attachment 
and help them improve their health practices trying to improve woman’s health and 
pregnancy outcome. 
Effects of an intervention based on mind and body interconnectedness, called Qi, on 
maternal-fetal interaction were studied. Totally 70 women were included in the study. Qi 
exercise was carried out in the second half of the pregnancy. The exercise lasted for 90 
minutes, twice a week. This study showed effect of Qi on maternal/fetal interaction as well 
as on maternal depressive symptoms and physical comfort. In this study the maternal/fetal 
interaction was measured by the Interpersonal Communication Questionnaire (Talking to 
the baby) ( Ji & Han, 2010).  
Hyperemesis gravidarum is a rather rare complication of pregnancy, which means a severe 
form of nausea and vomiting. This may lead to problems to intake food and fluid. Among 
women with hyperemesis gravidarum there were an association with less developed 
maternal-fetal attachment in gestational weeks 7-16, but this negative effect was very small 
compared to pregnant women without hyperemesis gravidarum. At follow-up after 26th 
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weeks of gestation this negative effect could not be proved anymore (McCormack et al., 
2011). 
Maternal-fetal attachment is not studied in developing countries. It is reasonable to assume 
that the MFA is affected of the high mortality rate for both women and infants (Salisbury et 
al., 2003). 
When using assistance with IVF – in vitro fertilization to get pregnant there may be stressful 
for the woman compared to getting pregnant the “normal” way. However, it does not seem to 
affect the attachment to the baby during pregnancy (McMahon et al., 1997, Stanton & 
Golombok, 1993). Prenatal attachment was in a study by Hjelmstedt and colleagues (2006) 
compared between 56 women who had underwent IVF and 41 controls. A self-rating scale was 
completed in gestational weeks 26 and 36. As the pregnancy progressed the prenatal 
attachment was increased in the same way in both groups. A conclusion of this study was that 
marital satisfaction, age, ambivalence and detachment was significant contributors to prenatal 
attachment. As proved in other studies the same results are presented regarding women who 
get pregnant with assistance. When women are less positive about pregnancy, childbirth and 
childcare they show weaker attachment to their unborn child (Stanton & Golombok, 1993).   
When having an increased risk for having a child with a genetic condition one possibility is 
PGD (prenatal genetic diagnosis). In vitro fertilization is used to produce embryos which are 
genetic tested and selected on the absence of particular genetic conditions. There is often a 
need for repeated cycles of ovarian stimulations, IVF and transfers of an embryo. This is 
trying and results in fluctuations in the woman’s anxiety (Karatas et al., 2011), which may 
affect the attachment.  

4. Prenatal examinations in general and its possible effects on maternal-fetal 
attachment 
An ultrasound examination in the second trimester is offered to all pregnant women in 
Sweden. This examination is accepted of the vast majority (SBU 1998). To many expecting 
parents the ultrasound examination has such a strong confirming effect that they wait until 
after the examination before they tell family and friends about the pregnancy (Ekelin, 2004). 
The possibility to see the fetus on the ultrasound screen has shift the focus from the time 
point when the pregnant woman felt the movements of the baby by herself to the time point 
when you can see the fetus on the screen.  
If, and in what extent, prenatal examinations affects the attachment are fairly insufficient 
explored. Ultrasound examination usually takes place before the woman recognizes the first 
movements of the baby and may be a facilitator for maternal-fetal attachment. However, 
studies of ultrasound examination and its effects on the maternal-fetal attachment show 
contradictory findings. The relationship between the expectant mother, and even the 
expectant father may start earlier in pregnancy (Stormer, 2003, Zeichmeister, 2001). The time 
point when the woman reported movements from her baby, so called quickening, used to be 
a very important moment, but have in those days been replaced by seeing the fetus on the 
ultrasound screen. Studies of attachment between the expecting mother and the fetus in 
relation to ultrasound examination have showed contradictory results (Lumley, 1990). Some 
studies do not present any differences between the attachment to the fetus (Heidrich & 
Cranley, 1989), whereas other studies present a positive effect (Caccia, 1991), especially the 
first ultrasound examination during pregnancy (Sandbrook & Adamson-Macedo, 2004) and 
ultrasound examination early in pregnancy (Stormer, 2003). According to a meta-analysis of 
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the effects of ultrasound examination on maternal-fetal attachment, the attachment 
increased to some extent (Yercheski et al., 2008). Several studies of the effects of 3 D- or 4 D 
ultrasound have not proved any improved attachment compared to 2 D ultrasound 
(Righetti et al., 2005; Rustico et al., 2005, Sedgmen et al., 2005), but may cause a positive 
change in the parents-to-be’s feelings for the fetus (Pretorius et al., 2006). The attachment 
seems to increase and the worry about the health of the fetus decrease when the ultrasound 
examination is combined with a discussion with a health care professional. The discussion 
contained an explanation of the woman’s and the fetuses anatomy and a demonstration of 
fetal movements. Except the discussion in relation to the examination the strategy also 
contained a follow-up discussion (Boukydis et al., 2006).  When assessing the ultrasound 
examination’s effects on the maternal-fetal attachment there are, except the general 
difficulties to measure maternal-fetal attachment, some methodological factors to take into 
consideration. The length of the examination, the information related to the examination 
and the communication between the health care giver and the parents-to-be affects the 
experience of the examination and may even the maternal-fetal attachment (Alhausen, 
2008). Comparing studies are difficult to perform due to the fact that almost all women 
undergo ultrasound examination during pregnancy (Lumley, 1990).  
The aim of an ultrasound examination in the second trimester is not primarily screening for 
Down syndrome but it is possible to detect malformations soft markers or anomalies which 
are associated with Down syndrome. 

5. Prenatal examinations for Down syndrome and its possible effects on 
maternal-fetal attachment 
Today, many of the prenatal examinations and screening such as nuchal translucency 
measurement in early pregnancy, maternal serum screening, combined ultrasound 
examination and biochemical screening and invasive diagnostics are aimed to find risk 
pregnancies for Down syndrome or Down syndrome. The invasive test being used are 
amniocentesis or chorion villous biospy. To be offered early screening, either early 
ultrasound examination including measurement of nuchal translucency or maternal serum 
screening has in one study showed an increase of the maternal-fetal attachment. However, 
this increase seemed to be small and temporary (Kleinveld et al., 2007). A conceivable reason 
that the attachment will increase may be that the women receive information about the 
examination which lead to improved awareness about the unborn baby. The awareness will, 
of course, be improved if the woman undergoes the examination. Even following invasive 
test may the attachment to the fetus increase. Among women who underwent chorion villus 
biopsy the attachment increased five week earlier than for those who underwent 
amniocentesis. When the women received normal test results the attachment increased. 
However, there are even results from studies which show the opposite. Women who had 
underwent serum screening on the indication advanced maternal age showed less 
attachment than those who underwent amniocentesis for the same indication or those who 
refused the test. The reason for that may, due to the discussion by the authors, that 
screening do not result in a diagnosis but a probability for Down syndrome which may lead 
to an additional feeling of insecurity (Lawson & Turiff-Jonasson, 2006).  
There is insufficient research in the field of how risk or perceived risk for the baby during 
pregnancy influences the MFA. One study which had the underlying assumption that 
women in high risk groups would have less MFA than women in low-risk groups failed to 
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proved that (Cannella, 2005). In a qualitative study by Hedrick (2005) of women who 
expected a child with a nonlethal abnormality, the participants did not express less maternal 
fetal attachment, rather a feeling of a wish to protect the baby who was not perfect. 
However, information about an increased risk for carrying a baby with Down’s syndrome 
from an early ultrasound examination including nuchal translucency measurement strongly 
implies the worry about the baby (Georgsson Öhman et al., 2006).   
In a sub study of large randomized controlled trial aiming at evaluating the effects of 
screening for Down syndrome by means of an ultrasound scan including measurement of 
nuchal translucency in early pregnancy (gestational weeks 12 to 14), the aim was to 
investigate how the early scan compared to a ultrasound examination in second trimester, 
may have affected maternal-fetal attachment in mid-pregnancy. There were 2026 women 
included in the study. Women were randomly allocated either o the intervention or to a 
control group where the routine care with an ultrasound scan in gestational week 17 to 20 
was offered. Data were collected by questionnaires before randomization and in gestational 
week 24. MFA was measured by a modified version of the Cranley maternal-fetal 
attachment scale. One item (I grasp my baby’s foot through my tummy to move it around) 
was excluded in the present study because it seemed irrelevant to use in gestational week 
24. Another item (I enjoy watching my tummy jiggle as the baby kicks inside) was replaced 
with “I like to read about the development of the baby, how it grows, how it looks like”. 
Mean scores were used for comparisons and were calculated for the total scale and 
individual subscales. The results of the study showed that the mean score of MFA was 3.50 
in the intervention group compared to 3.44 in the control group (p=0.04). The mean scores 
on all subscales were slightly higher in the intervention group, but only statistically 
significant regarding “Differentiation of self from fetus” p = 0.01. The conclusion of this 
study was that ultrasound screening for Down syndrome in the first trimester may have a 
modest positive effect on MFA in mid-pregnancy, compared with a ultrasound scan in the 
second trimester (Georgsson Öhman & Waldenström (2010). 
In a study by Berryman and Windridge (1996) a lower attachment to the fetus among older 
women was shown. The authors interpreted this result as they restrain the attachment 
because they were aware about the risk of Down syndrome associated to high maternal age 
and as a consequence a possible loss of the pregnancy.  

6. Reactions and experiences during waiting-time for test results 
To wait for results from invasive testing, such as amniocentesis and chorion villous 
biopsy, seems to be worrying and a period full of concerns. This seems to be a difficult 
time period irrespective of nothing is expected to deviate, and irrespective of the invasive 
test has preceeded of information about increased risk for chromosomal abnormalities or 
not (Cederholm et al., 2001). Women who have undergone an amniocentesis described 
that they had an emotional distance to the pregnancy until the health of the fetus had 
been confirmed by the result of the test (Rothman, 193). The waiting time are often 
experienced as hard irrespective of normal test result or not (Cederholm et al., 2001, 
Green & Statham, 1996). 
Many women who had received information about risk for the fetus having Down 
syndrome in relation to an early ultrasound examination including nuchal translucency 
measurement, describes the waiting time for having an amniocentesis and further to wait 
for the test result as a time when they repressed the pregnancy. They avoided to think about 
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the baby, and denied their pregnancy in different ways. This can be interpreted as a strong 
feeling but still the question if this period of repression of the pregnancy affects the 
attachment is unanswered. Information about increased risk for something being wrong 
with the baby may lead to great consequences for the pregnant women, such as denying the 
pregnancy - taking a “time-out”, until the test shows normal results. The women did not feel 
happiness about the pregnancy, they didn’t tell anyone about it, didn’t look for baby 
equipment or thought about names for the baby. This “time-out” lasted until a normal result 
from the invasive test was received in about one month. Considering one month of denying 
the pregnancy it is still reasonable to assume that prenatal examinations may affect the 
attachment (Baillie, 2000; Georgsson Öhman et al., 2006).  

7. False positive results 
To receive false positive results that there is an increased risk for the baby having a 
chromosomal abnormality lead to unnecessary worry about the health of the baby. 
Women have describes the time from receiving an increased risk that the baby have Down 
syndrome until they receive a normal result from the invasive test as a “time-out” a 
repression of the pregnancy as mentioned above (Baillie et al., 2000; Georgsson Öhman et 
al., 2006). There are reasons to assume that this time with decreased interaction with the 
fetus may affect the attachment and the feelings for the unborn child in some way. This is 
an important question for further research. Including waiting-time for the invasive test 
and the test result this period when the women repressed pregnancy could last for about a 
month.  
In general, to reduce the number of false positive results is an important ethical issues about 
screening. Even after a reassuring diagnostic test can some worry remain (Green et al., 
2004).  In a study by Baillie et al. (2000), 24 women who received a false positive result from 
an ultrasound examination including measurement of nuchal translucency and a calculation 
of the probability for having a baby with Down syndrome were interviewed. Two thirds of 
the women in the study still experienced anxiety up to four weeks following the normal 
diagnostic test.  In a study by Weinans and colleagues in 2004 anxiety in association with 
false positive results from nuchal translucency screening and from serum screening was 
compared. There were 20 women in each group in both groups the risk was presented as a 
numerical value. In this study the women in the group who underwent nuchal translucency 
screening stated they were more worried about the health of the baby than those who 
underwent maternal serum screening. A possible explanation to this finding is that the fetus 
was visualized in the “NT-group”. In a study including 33 women who received false 
positive results from serum screening, 20% remained worried two months after a normal 
diagnostic test (Santalahti et al., 1996). Feelings of worry could easily be recalled as long as 
ten years after maternal serum screening (Smedler & Bremme, 1992). In a study of 102 
families who had received false positive results from screening for congenital 
hypothyreoidism, 78 families experienced strong emotional reactions. As many as 18 of 
these families stated that they still felt insecure about the baby’s health after a period of 6 to 
12 months (Bodegård, Fyrö & Larsson, 1983). This link of studies presented above, all show 
that false positive results make a deep mark on those who are affected. There are  
still no studies which explore the effect of those strong feelings on the maternal fetal 
attachment.   
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8. Importance of information  
Information about prenatal screenings and diagnostic is very complicated and complex. To 
give equal information in early pregnancy to all women who want to have the information 
is a great challenge. The ambition is to give equal information to all women irrespective of 
social and cultural background, education and age. The information will be standardize, 
evidence based, comprehensible and not generate worry (SFOG, 2008).  
The content of the information will be;  
• that most of the newborn children are healthy,  
• the purpose with the screening or the examination,  
• the pros and cons, 
• that the participation is voluntary 
• about the methods – the procedure, possibilities, limitations 
• that a assessment of probability is not a diagnosis 
• the meaning of the test results 
• the probability for false positive and false negative results 
• possible consequences and possible alternatives after the test results 
• that the parents-to-be will be faced difficult decisions and dilemmas in cases were a 

abnormality is detected 
• how common the abnormalities are and possible consequences for the child 
• alternatives after diagnosis 
• references to were additional information can be reached. (Halsey Lee et al., 2005) 
The aim with the information about prenatal diagnosis is to enable the woman to make an 
informed choice (Dormandy et al., 2002). One common definition of informed choice adapted 
from O’Connor et al. (2009) is that “the informed choice is based on relevant knowledge, 
consistent with the decision makers’ values and behaviourally implemented”.  When talking 
about prenatal screening or diagnosis this means that an informed choice to undergo prenatal 
examinations is when the woman has relevant knowledge about the test, a positive attitude 
towards it and actually undergoes it (Marteau et al., 2001, Michie et al., 2002, Potter et al., 
2008). Sufficient knowledge is not enough to be able to make an informed choice. The choice 
should also reflect one’s values and attitudes towards undergoing the test.   
There are several difficulties with information regarding prenatal examination. Many 
pregnant women do not know that prenatal screening is an option; they do not know the 
meaning of false positive and false negative results and what it means to live with DS but 
they have more knowledge of practical aspects of prenatal screening (Dahl et al., 2008). 
Pregnant women can receive information about prenatal screening from different sources 
such as health care, pamphlets, books, the internet, friends and family (Park & Matthews, 
2009).  Film as a source of information has shown to increase the knowledge (Björklund et 
al., 2011, Hewison et al., 2001). 
Regarding information about prenatal screening, a study was performed with the aim to 
compare the growth of maternal-fetal emotional attachment in groups of women whose 
decisions about participation in screening were informed or not informed. The result of the 
study showed that the group who made an informed choice had significantly lower 
attachment scores than the group who had not made an informed choice. The authors 
pointed out that the findings of this study have uncertain consequences. Delayed emotional 
attachment can be interpreted as a psychological defense, a way to keep distance from the 
fetus in case if the pregnancy will be terminated due to diagnosis of fetal abnormality 
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(Rowe, 2009). Delayed attachment may prevent positive behaviour which protects well-
being of both the woman and the fetus such as good diet; non smoking and alcohol use 
(Rowe et al., 2009). On the other hand is it an important purpose in the antenatal care to 
strive for so many women as possible to been able to make an informed choice (Halsey Lee 
et al., 2005). 

9. Conclusion 
The human being is malleable and most difficulties and crisis we are able to cope with. 
Despite traumatic experiences, such as information about something may be wrong with the 
baby, with following crisis and repressing of the pregnany most of the women seem to 
recover and develop a stromg attachment to the fetus and bonding to the new born baby. 
However, some women may show stronger reactions such as depression or considerable 
worry. There is also a risc for remaining distrustfulness for the health of the child during the 
childhood. So far, there is a lack of concordant methods to measure maternal-fetal 
attachment, with some contraditiry results from research. Further development, validation 
and assessment of the available scales for self assessment of matrnal feta attachment are in a 
great demand. Further research is required to verify possible effects of prenatal 
examinations on the maternal fetal attachment in general. Additionally, there is a need for 
scrutinizing the field of information, and the possibility for the expectant mothers to make 
an informed choice regarding prenatal examinations. There is a lack of knowledge about 
conceivable adverse effects of prenatal examinations for detecting Down syndrome during 
pregnancy.  
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1. Introduction 
It is known that the Down syndrome phenotype can result from a triplication of a small 
portion of chromosome 21. In the majority of cases diagnosed as Down syndrome (90%), 
free trisomy for chromosome 21 is found; in some 6% of the cases translocations are 
observed, and about 3% are mosaics with normal cell line; other aberrations involving 
chromosome 21 are rare and found in less than 1% [Mikkelsen, 1988]. In a huge literature on 
the epidemiology of Down syndrome, there are two features undoubtedly established, a 
strong association of free trisomy 21 frequency with advanced maternal age, and male 
prevalence among patients with Down syndrome due to regular trisomy 21. 
Generally, the clinical diagnosis is straightforward and well-known to all medical workers 
[Mikkelsen, 1988]. However, misdiagnosis (false positive diagnosis) of Down syndrome was 
reported in numerous publications [Ahmed et al., 2005; Baccichetti et al., 1990; Ballesta et al., 
1977; Engel et al., 1970; Fried et al., 1980; Hamerton et al., 1965; Melve et al., 2008; Szollar et 
al., 1983], being particularly high in neonates [Devlin & Morrison, 2004; Hindley & 
Medakkar, 2002]. Factors which alter suspicion of trisomy 21 are known to be early delivery 
and prematurity [Mikkelsen, 1988].  
Previous studies reported a significant female prevalence among Down syndrome patients 
with clinical diagnosis only which suggested that gender also may alter a suspicion of Down 
syndrome in infants [Kovaleva et al., 1999; Kovaleva, 2002]. Therefore, the main objectives of 
this study were to evaluate a rate of false positive diagnosis of Down syndrome in a large 
well-defined geographically population and to determine male-to-female ratio (sex ratio, 
SR) among patients with false-positive diagnosis. 

2. Materials and methods 
St. Petersburg is a large city with a population of about 5 million, and an average of 50 000 
births a year. Almost all births take place in a hospital. There is one major clinical genetic 
unit in the city which provides the service to the target population, the St. Petersburg Centre 
for Medical Genetics. The overwhelming majority of live born babies suspected to have 
genetic disease have been examined by clinical geneticists from the Centre within the first 
several days after birth and prior to discharge from a hospital. Medical personnel at children 
hospitals and special institutions for handicapped children may also call for a clinical 
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geneticist for suspected genetic condition. It is mandated that few cases born in private 
hospitals and tested cytogenetically elsewhere, must be reported to the Centre. Older 
patients or their parents can arrange an appointment to the Centre themselves after being 
referred to by medical specialists. Only certified clinical geneticists at St. Petersburg Centre 
for Medical Genetics can request karyotyping to confirm or refute a suspected chromosomal 
abnormality. 
In St. Petersburg, due to global social transition, the birth rate fell dramatically from about 
73 thousand in 1987 to 29 thousand in 1999 which caused a decline in the number of live 
born patients with Down syndrome over time. Since 2000, the birth rate begun to increase 
steadily, reaching more than 50 thousand in 2009. However, at the same time, since 2000, the 
impact of prenatal diagnosis on the prevalence of Down syndrome prevalence has been 
expanding rapidly, affecting the number of live born babies with Down syndrome.  
The completeness of cytogenetic confirmation of trisomy 21 varied significantly, increasing 
from 21% in 1970 to almost 100% currently. Therefore, for the sake of sufficient sample size, 
the author has chosen for the analysis the period of 1986-2009, when data completeness had 
begun improving from 82% in 1986 to about 100% in 1999 and upward. 
All cases of Down syndrome delivered during the period January 1, 1986 to December 31, 
2009 were abstracted from a population-based registry, the St. Petersburg Down Syndrome 
Register, founded and run by the author. The Register has been collecting data on all Down 
syndrome patients residing in St. Petersburg, whether diagnosed antenatally or live born 
since 1970. The method for data collection has been described elsewhere [Kovaleva et al., 
2001]. 
Data on patients suspected to have Down syndrome but with a normal karyotype were 
retrieved from logbooks of the cytogenetic laboratory at the St. Petersburg Centre for 
Medical Genetics and from logbooks of the cytogenetic laboratory at the Leningrad Oblast 
Children Hospital which provides service to the regions surrounding St. Petersburg. The 
degree of certainty of the Down syndrome diagnosis was determined by presence of 
question mark(s) in the records of indication for karyotyping in the logbooks. When the 
diagnosis at clinical examination seemed obvious, the question mark was absent. In 
doubtful cases, sometimes up to three question marks presented in the record. In some 
cases, suspected mosaicism was an indication. The data obtained were analyzed using 
standard statistics including binomial test and Chi-square test with Yates correction. 

3. Results 
Over a period of twenty-four years (from 1.01.1986 to 31.12.2009), 1257 children had been 
referred to cytogenetic investigation for either confirmation or exclusion of trisomy 21. The 
Down syndrome diagnosis was confirmed in 1129 (89.8%) of them and 120 (9.5%) children 
had a normal karyotype. The remaining eight children with another chromosomal 
abnormality were excluded from the analysis (Table 1). 1119 cases of trisomy 21 were 
diagnosed in the St. Petersburg Centre for Medical Genetics and ten cases were diagnosed 
elsewhere. The sex ratio among children with confirmed DS diagnosis was skewed, with a 
surplus of males (612 males/517 females, SR=1.18). In contrast, among children with a 
normal karyotype, there was a strong female prevalence (25 males/95 females, SR=0.26), the 
difference is highly significant, p << 0.0001. 
Neonates constituted 94% of patients with confirmed Down syndrome while a proportion of 
neonates among those with false positive diagnosis was appreciably smaller (65%). 
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Therefore a proportion of false positive cases among neonates was 6.8% compared to 35% in 
patients aged one month and older (Table 1). The annual rate of false positives among 
neonates varied from 0% in 1990, 1995, and in 2000 to 21% in 2008 (Figure 1). There was an 
apparent trend with an increase in false positives in relation to a reduction in the number of 
cases tested. This variation did not depend on the clinical experience of the referring 
doctors. For example, 8 of 9 false positive cases in 2008 were referred to cytogenetic testing 
by clinical geneticists whose experience had exceeded 15 years, and the remaining one case 
was suspected to have Down syndrome by a clinical geneticist with 7 years of experience.  
 

Age of patients 
True Down 
syndrome 

(trisomy 21) 

False positive diagnosis 

Total 
Normal 

karyotype 

Other 
chromosomal 
abnormality 

Neonates 1063 77 6 a 1146 

Patients under 1 yo 59 20 2b 81 

Patients aged 1 yo 
and older 7 23  30 

Total 1129 120 8 1257 

a 46,XY,18p-; 46,XX,t(11;22); 46,X,t(X;16)(p11;q13); 46,XX,r(18); 46,XX, r(18); 47,XXX 
b 46,XY,add(10)(q26); 46,XX,inv(22)(p13;q12) 

Table 1. Proportion of false positive diagnosis according to the patients' age at cytogenetic 
examination 

Among false positive neonates, there was a very strong female prevalence, with 11 males/ 
66 females, SR=0.17. Notable female predominance was also found in both patients aged 
under 1 year old (7 males/13 females, SR=0.54) and in older patients (7 males/16 females, 
SR=0.44).  
Further analysis was performed regardless of the date and place of birth of the patients. 
Overall, a normal karyotype was diagnosed in 103 neonates (17 males/86 females, SR = 0.20, 
different from population value of 1.06, p < 0.0001), in 68 children of the age group up to 1 
year old (24M/44 females, SR = 0.55, p = 0.0052), and in 64 children aged 1 year and older 
(29M/35 females, SR = 0.83, p > 0.05).  
Data on the level of certainty in false positives cases is presented in Table 2. The diagnosis at 
clinical examination seemed obvious in 22% of neonates and in only 6% of children 1 year 
and older. In two cases, since features of Down syndrome were obvious, chromosome 
testing was requested twice. The proportion of suggested mosaicism was increased with the 
patients’ age, from 3% in neonates to about 10% in the oldest group of patients. Request for 
excluding Down syndrome was noted in two cases only. Unquestionable Down syndrome 
diagnosis was stated in 20% and mosaicism was suspected in about 9% of males, while in 
females these figures were 14% and 4% correspondingly (Table 3). 
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Fig. 1. Total number of cytogenetically tested cases (red line) and proportion of cases with 
false positive diagnosis (blue line).  

 

Expression of certainty 
Patients with false positive diagnosis of Down syndrome 

Neonates Under 1 yo 1 yo and older Total 

Down syndrome  22 (22%) 11 (16%) 4 (6%) 37 

Mosaicism? 3 (3%) 3 (4.5%) 6 (9.5%) 12 

Down syndrome?  60 (58%) 51 (75%) 53 (83%) 164 

Down syndrome?? 14 (14%) 2 (3%) 1 (1.5%) 17 

Down syndrome??? 2 (2%) 1 (1.5%)  3 
Request for excluding 
Down syndrome  2 (2%)   2 

Total 103 68 64 235 

Table 2. Degree of certainty in requesting for cytogenetic testing according to the age of the 
patients 
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Expression of certainty 
Patients with false positive diagnosis of Down 

syndrome 

Males Females Total 

Down syndrome 14 (20%) 23 (14%) 37 

Mosaicism? 6 (8.5%) 6 (4%) 12 

Down syndrome? 47 (67%) 117 (71%) 164 

Down syndrome?? 2 (3%) 15 (4%) 17 

Down syndrome??? 1 (1.5%) 2 (1%) 3 

Request for excluding Down 
syndrome 0 2 (1%) 2 

Total 70 165 235 

Table 3. Degree of certainty in requesting for cytogenetic testing according to the gender of 
patients with false positive diagnosis 

Data on distribution of both true Down syndrome patients and false positives by maternal 
age is presented in Table 4. The analysis of maternal age distribution in false positive 
patients was complicated since maternal ages were available in only a small proportion of 
the sample. There is some increase (13%) in the proportion of mothers aged 35 years old and 
older compared to general population (6% to 9%), due to a higher proportion (23.5%) of 
mothers of advantaged ages in the group of patients 1 year old and older. The overall figure 
of 13% in false positives is significantly lower compared to about 33% in true Down 
syndrome (p = 0.0003).  
 

Maternal 
age 

Down 
syndrome 

Patients with false positive diagnosis of Down syndrome 

Neonates Under 1 yo 1 yo and 
older Total 

< 20 87  6  3  1  10  

20-24 378  6  7  5  18  

25-29 367  15  3  5  23  

30-34 324  10  4  2  16  

35-39 352 
33% 

2 
7.5% 

2 
15% 

3 
23.5% 

7 
13% 

40+ 213 1 1 1 3 

Total 1721  40  20  17  77  

Table 4. Maternal ages in Down syndrome and in false positive diagnosis, 1970-2009 
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4. Discussion 
4.1 Proportion of false positive cases 
Over the study period, 1129 postnatal cases of Down syndrome were identified. Regular 
trisomy 21 was observed in 90.9%, translocation trisomy in 5.4%, and mosaicism in 3.7% of 
the cases. These figures are in accordance with previous data worldwide. One hundred-
twenty cases, referred for cytogenetic examination for suspicion of Down syndrome, 
displayed a normal karyotype, while eight children were diagnosed with another 
chromosome abnormality. Therefore, the proportion of misdiagnosed cases was 10.2% 
(128/1129). Analysis of the literature (Table 5) showed these data to be in agreement with 
majority of previous studies. Data from Spain [Ballesta et al., 1997] is of particular interest 
regarding the object of the present publication. The authors performed rigorous clinical 
screening of patients with suspected Down syndrome followed by cytogenetic testing. 
Eleven of 71 (15.5%) patients with psychomotor delay and features of Down syndrome were 
found to have a normal karyotype. On subsequent fluorescent in situ hybridization (FISH) 
testing, only one of them had triplication of the Down syndrome region on FISH testing. 
When neonates were analyzed separately, the false positive rate has improved up to 7.2%. 
Among publications where data on accuracy of Down syndrome diagnosis can be found 
there are some reporting on the prevalence of false positive diagnosis in neonates [Devlin & 
Morrison, 2004; Fried, 1980; Hall, 1964; Hindley & Medakkar, 2002; Melve et al., 2008; 
Sivakumar & Larkins, 2004]. The rate of false positives in our sample appeared to be the 
lowest, being closer to figure of 9.6% in Norway [Melve et al., 2008]. Annual rate of false 
positive diagnosis varied significantly, from 0% in 1990, 1995, and in 2000 to 21% (9 of 42) in 
2001 (Figure 1). Obviously this variation did not depend on the clinical experience of the 
referring doctors. Similar figures were reported by Melve et al. [2008], the highest annual 
number of false positives in neonates was 18 (18.9%) and the lowest was 4 (4.8%). 
False positive diagnosis implies a great undue mental stress for parents, therefore maximizing 
clinical diagnostic accuracy is of importance [Hindley & Medakkar, 2002]. Significance of 
expert clinical assessment of a patient before cytogenetic testing was explored by Sivakumar & 
Larkins [2004]. They reported a more favorable accuracy rate from Birmingham Women’s 
Hospital (25 of 29 suspected cases had trisomy 21) compared to the West Midland region (false 
positive rate 14% and 36%, correspondingly). “This can be explained by the fact that the 
tertiary hospital may have more experienced neonatologists compared to the broad cohort of 
junior and senior pediatricians… We believe that an assessment by a senior pediatrician before 
testing may minimize the risk of negative results.”[Sivakumar & Larkins, 2004]. The data from 
the present study, that is a low false positive rate as the result of expert clinical assessment by 
clinical geneticists, support this suggestion. 

4.2 Degree of certainty about the diagnosis of Down syndrome 
4.2.1 Degree of certainty about the diagnosis of Down syndrome in false positive 
cases 
Despite the widely held belief that the clinical diagnosis of Down syndrome is very obvious, 
some publications report on difficulties of clinical judgment arising in the neonatal period 
[Druce et al., 1995; Fried, 1980; Hall, 1966; Hindley & Medakkar, 2002; Lee et al., 1961]. 
Factors which alter suspicion of Down syndrome are known to be early delivery and 
prematurity [Mikkelsen, 1988]. No data on sex difference in suspicion of Down syndrome or 
in degree of certainty of DS diagnosis were reported before. 
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Source Country Study 
period Age of patients 

Number 
of tested 
patients 

Proportion of 
false positive 

diagnosis 

Hamerton 
et al, 1965 UK 1960-1964 not specified 173 16 (9%) 

Engel 
et al., 1970 Germany 1963-1968 various ages 365 6 (15%) 

Johnson 
et al., 1985 

Ohio, USA 1970-1981 various ages 769 a 48 (6%) 

New York, 
USA 1980-1983 various ages 126 b 10 (8%) c 

Szollar 
et al., 1983 Hungary 1970-1979 

under 1 yo 214 16 (7.5%) 

1 yo and older 85 3 (3.5%) 

Czeizel, 
1988 Hungary 1973-1982 various ages 81 4 (5%) 

Baccichetti 
et al., 1990 Italy 1988 

teenagers and 
adults 

predominantly 
116 14 (12%) 

Ballesta 
et al., 1997 Spain not 

specified not neonates 71 11 (15.5%) d 

Ahmed 
et al., 2005 Pakistan 1998-2001 various ages 325 30 (9%) e 

a,b  cytogenetic confirmation in about 77% of the patients;  c  including one case with trisomy 18; d  FISH 
study of 11 cases detected a partial trisomy 21 in one case;  e including 12 cases with other chromosomal 
anomalies 
Table 5. Accuracy of the clinical diagnosis of Down syndrome in patients of various ages 

Data presented in Table 2 suggests that the level of certainty in false positives cases was 
comparably low, decreasing with the patients’ age. The diagnosis at clinical examination 
seemed obvious in 22% of neonates and in only 6% of children 1 year and older.  However a 
proportion of clinical diagnosis suggestive of mosaicism increased with the patients’ age, 
from 3% in neonates to about 10% in the oldest group of patients. Surprisingly, despite a 
strong prevalence of females among false positive children, a higher level of certainty of 
Down syndrome diagnosis was given to male patients (Table 3). In males, unquestionable 
Down syndrome or suspected mosaicism were indications for cytogenetic testing in 20% 
and in 8.5 %of the cases, while in females these figures were 14% and 4% respectively.  

4.2.2 Degree of certainty about the diagnosis of Down syndrome in confirmed cases 
The data reported above prompted the author to taking a quick look at degree of certainty of 
the clinical diagnosis in the cases of true Down syndrome.  It was found that 17 of 106 (16%) 
neonates with Down syndrome born during 2007-2009 had a questionable clinical diagnosis 
(including one diagnose accompanied with three question marks), among them there were 8 
males and 9 females. Thus, at least in neonates with Down syndrome, there was no 
association of clinical suspicion of the diagnosis with the gender of the patient. 
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Source Geographic 
area Study period Number of 

tested patients 

Proportion of 
false positive 

diagnosis 

Hall, 1964 Sweden 1961-1962 43 5 (11.6%) 

Fried, 1980 Israel 1973-1977 30 4 (13.3%) 

Hidley, & Medakkar, 
2002 UK 1999-2000 962 307 (32%) a 

Devlin & Morrison, 
2004 

Northern 
Ireland 1969-2001 268 d 82 (31%) b 

Sivakumar & Larkins, 
2004 UK 2000-2002 233 85 (36%) 

Melve et al., 2008 Norway 2001-2005 376 36 (9.6%) 

Present study Russia 1986-2009 1146 83 (7.2%) c 
a including one case with 49,XXXXY; b including 5 females with another chromosomal abnormality; c 
including 2 males and 6 females with another chromosomal abnormality;  a neonates constitute 90% of 
the patients 

Table 6. Accuracy of the clinical diagnosis of Down syndrome in neonates 

4.3 Sex ratio in Down syndrome 
4.3.1 Sex ratio in cases considered or proved to be true Down syndrome 
Sex ratio in true Down syndrome is well known to be skewed towards males [Mikkelsen, 
1988; Mutton et al., 1996]. Meta-analysis of publications reporting cytogenetic profile of 
Down syndrome worldwide [Kovaleva, 2002] showed typical male prevalence (SR ~1.3) 
among both patients with regular trisomy 21 and carriers of translocation trisomy 21, either 
sporadic or inherited. The only exception is mosaic variant of trisomy, where some 
prevalence of females was documented (SR~0.96).  
Several hypotheses have been put forward to explain the skewed sex ratio in Down 
syndrome. Meiotic disturbance (non-homologous co-orientation in male meiosis) [Kovaleva, 
1992; Petersen et al. 1993], fertilization event (greater accessibility of Y-bearing sperm to ova 
disomic for chromosome 21 or promotion of non-disjunction in the ova by Y-bearing sperm) 
[Ferguson-Smith & Yates, 1984; Kovaleva & Mutton, 2005], and post-fertilization events 
(intrauterine selection against females) [Huether et al., 1996; Hook et al., 1999] have been 
discussed. Data from recent studies supports suggestion that male excess among live born 
with non mosaic trisomy 21 might be due to selection against female fetuses [Oliver et al., 
2009; Kovaleva, 2010]. Female prevalence among carriers of mosaic trisomy was suggested 
to be a result of sex-specific chromosome loss in early embryogenesis [Kovaleva, 2005]. 
The trigger of the present study was an observation of an intriguing dynamics of sex ratio in 
Down syndrome in St. Petersburg (former Leningrad) within period of 1970-1996 [Kovaleva 
et al., 1999] subsequently confirmed by the meta analysis of the literature [Kovaleva, 2002]. 
It was a steady increase in sex ratio from a population figure of 1.05 or even less in the 
earliest studies in 1940’s to 1.3 - 1.6 in the studies conducted during late 1980’s (Figure 2). 
Analysis showed that this increase was accounted for by the growing use of karyotyping to 
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confirm the diagnosis. Among individuals with a clinical diagnosis only, sex ratio was 0.97 
(1160 males/1198 females) [Collman & Stoller, 1962; Davidenkova et al., 1965; Huether, 
1990; Kovaleva et al., 2001; Staples et al., 1991]  while among individuals with confirmed 
trisomy 21 this figure was 1.31 (1918 males/1466 females) [Huether, 1990; Kovaleva et al., 
2001; Mikkelsen et al., 1976; Mikkelsen et al., 1990; Sharav, 1991; Staples et al., 1991; Stoll et 
al., 1990; Wahrman & Fried, 1970]. Correspondingly, in samples where proportion of clinical 
diagnosis only was 30% and more, intermediate figure of 1.12 (1950 males/1742 females) 
[Baird & Sadovnik, 1987; Christoderescu et al., 1977; Johnson et al., 1996; Kallen et al., 1996; 
Kovaleva et al., 2001; Staples et al., 1991] was observed. These observations raised a 
suggestion that low sex ratio in Down syndrome patients with clinical diagnosis only might 
be accounted by a large proportion of false positive diagnosis in females [Kovaleva, 2002]. 
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Fig. 2. Sex ratio in Down syndrome, data from epidemiological studies worldwide (adapted 
from Kovaleva [2002]). Red line: clinical diagnosis only; black line: clinical diagnosis or 
trisomy 21, green line: trisomy 21 

4.3.2 Sex ratio in false positive diagnosis  
Though theoretically, misdiagnosis should occur uniformly in both sexes, data from the 
present study demonstrates a significant female prevalence among false positive patients. In 
neonates, a five-fold prevalence of females over males was detected (17 males/86 females, 
SR = 0.20, different from population value of 1.06, p < 0.0001). Female excess diminished 
with older children; two-fold prevalence was found among children of the age up to 1 year 
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old (24 males/44 females, SR = 0.55, p = 0.0052), and notable but statistically insignificant 
prevalence among patients aged 1 year and older (29 males/35 females, SR = 0.83, p > 0.05). 
Therefore, data from the present study supports the suggestion of low sex ratio in Down 
syndrome patients with clinical diagnosis only as the result of a large proportion of false 
positive diagnosis in females. However the reason of female predominance among the 
clinically suspected Down syndrome remains unclear.  
Patients with clinical features of Down syndrome but without trisomy 21 were reported 
occasionally before the advent of molecular technologies allowing definite detection of 
Down syndrome critical region located at chromosome 21 [Hall, 1961; Hamerton & Polani, 
1962; Bowen et al., 1974]. As an explanation for absence of trisomy 21 in different tissues 
of patients with apparent manifestations of the syndrome, several suggestions were 
proposed: (1) low-level mosaicism, (2) the presence of the trisomic cell line in tissues other 
than those investigated, (3) elimination of the aberrant cell line in vivo or selective regress 
in vitro [Engel et al., 1970], and (4) gene mutation that might cause a “phenocopy” [Hall, 
1962]. 
Subsequent studies showed the presence of a cryptic duplication of the Down syndrome 
critical region in individuals with clinical diagnosis of Down syndrome and an apparently 
normal karyotype [see for reference Forster-Gibson et al., 2001]. However several patients 
with mental retardation and Down syndrome phenotype, but without molecularly 
detectable duplication of the critical region, have been reported [McCormick et al., 1989; 
Ahlbom et al., 1996]. The majority of them were females. For example, a woman with 
clinically typical Down syndrome but apparently normal chromosomes, was extensively 
examined for the presence of any partial trisomy for any segment of chromosome 21. Since 
the proposita’s parents were half-sibs, and her sister suffered from the same disorder as the 
proposita, the authors suggested an autosomal recessive disorder which is phenotypically 
indistinguishable from Down syndrome [Ahlbom et al., 1996]. As it was mentioned above, 
FISH testing of 11 patients with developmental delay and clinically obvious Down 
syndrome revealed only one of them who had triplication of the critical Down syndrome 
region. Unfortunately the gender of the patients was not reported [Ballesta et al., 1997]. 
The data obtained in the present study suggest that gender in particularly significantly 
affects clinical suspicion of Down syndrome in neonates. Since characteristic features 
allowing suspicion of Down syndrome include facial dysmorphisms, one may hypothesize 
sex differences in the normal process of facial cranium ontogenesis during perinatal period.  
In patients aged one year and older, sex ratio (0.83) appeared to be close to sex ratio typical 
to carriers of mosaic trisomy 21 (0.96). In this group, proportion of mothers of advanced age 
seemed to be increased which might support a suggestion of undetected mosaicism in some 
of these patients. An abnormal condition(s) specific to females might also be implicated in a 
proportion of the misdiagnosed cases.  

4.4 Implications of false positive-female-prevalence-phenomenon to Down syndrome 
epidemiology 
The observation of female prevalence in false positive clinically diagnosed cases allows an 
insight into the ground for reported sex ratio variability in Down syndrome. For example, 
the ECLAM (Estudio Colaborativo Latinoamericano de Malformaciones Congenitas) group 
reported as “an unusual finding” a markedly low sex ratio (0.98) found in 3,157 newborn 
Down syndrome patients in South America populations [Carothers et al., 2001]. Only 13% of 
the patients were reported to have confirmed diagnosis, therefore, in the light of the data 
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presented in this paper, a low sex ratio among patients mostly clinically diagnosed as Down 
syndrome, is a well expected finding.  
Moreover, based on data on sex ratio in both all clinically diagnosed cases and true Down 
syndrome cases in a population where sufficient completeness of cytogenetic confirmation is 
not readily achievable, it is realizable to calculate a crude rate of false positives [Kovaleva, 
2002]. For example, assuming all males among clinically diagnosed cases in ECLAM’s 
sample to be true Down syndrome (which can not be absolutely correct since some false 
positive cases might be found among males) and typical for Down syndrome sex ratio to be 
1.3, for 1563 males, 1203 females (not 1594) are expected, with odd number of 391 females. 
Resulted proportion of misdiagnosed cases is 391/3,157=12%. 
The results from the present study might have some further implications. (1) Overestimation 
of maternal age-specific rates due to false positive cases, in young women predominantly, 
might take place in the early years of monitoring of Down syndrome, as well as in 
populations with a high proportion of unconfirmed cases (those covered by Chernobyl 
fallout in the Former Soviet Republics). (2) It was generally accepted that maternal age 
specific risks were stable over time, and variations in population rates were explained by 
changing in maternal age composition [Huether et al., 1998; Carothers et al., 2001]. However 
if age-specific rates stay stable over long time, irrespective of increase in proportion of 
confirmed cases, it might indicate an increase in real rates. (3) The results from this study 
would suggest that the use of epidemiological data collected on Down syndrome prior to 
routine cytogenetic analysis, should be reconsidered in meta-analyses of Down syndrome 
population data. 

5. Conclusion  
The present study is the largest study to address the accuracy of clinical diagnosis of Down 
syndrome and the first one demonstrating that gender may affect a clinical suspicion of a 
chromosomal disease. The advantages of this study are well-defined geographical 
population, clinical screening of the cases suspected to have a chromosomal disease by 
experienced clinical geneticists prior to requesting for cytogenetic testing, a high 
completeness of cytogenetic confirmation of the Down syndrome diagnosis, and perfect 
recording of the cases on logbooks of the cytogenetic laboratory at the St. Petersburg Centre 
for Medical Genetics. Apparent limitations of this study are a lack of detailed clinical 
description of the cases and absence of follow-up. Additional studies, both clinical and 
genetic, would be reasonable for uncovering mechanism(s) responsible for the remarkable 
sex bias in clinical suspicion of Down syndrome.  
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1. Introduction   
Over the last three decades, prenatal screening for Down syndrome and other chromosomal 
abnormalities has become routine during antenatal care. Down syndrome screening has 
changed from the second to the first trimester of pregnancy because of the higher detection 
rate and earlier diagnosis. Second-trimester screening, based on the combination of maternal 
serum human chorionic gonadotropin (hCG), alpha-fetoprotein (AFP), and unconjugated 
estradiol (uE3) as a function of maternal age, yields a detection rate of 60% with a false-
positive rate (FPR) of 5% (Wald et al., 1988). In standard practice, first-trimester screening, 
which combines maternal age, nuchal translucency thickness (NT), and maternal serum free 
beta-human chorionic gonadotropin (fβ-hCG), and pregnancy-associated plasma-protein-A 
(PAPP-A), can achieve a detection rate 90% with a FPR of 5% (Snijders et al., 1998; 
Nicolaides, 2004; Wojdemann et al., 2005; Spencer, 2007).  
Down syndrome screening among women pregnant after assisted reproductive technologies 
(ART) is complicated by several factors. Pregnancies conceived after ART represent a group of 
high-risk pregnancies, which carry a higher psychological and financial burden compared to 
spontaneous pregnancies (Oddens et al., 1999). The proportion of women aged 35 years or 
more is higher in ART pregnancies, therefore, they a more likely to be carrying a child affected 
by Down syndrome (Geipel et al., 1999; Pinborg et al., 2004; Weisz and Rodeck, 2006, Gjerris et 
al., 2008). Studies have also shown that foetuses conceived after intracytoplasmic sperm 
injection (ICSI) are known to have an increased risk of chromosomal aberrations (Aboulghar et 
al., 2001; Bonduelle et al., 2002; Jozwiak et al., 2004; Gjerris et al., 2008). Pregnancies conceived 
after ART are also associated with a higher rate of multiple pregnancies (Weisz and Rodeck, 
2006, Gjerris et al., 2008). Maternal and fetal complications, such as foetal growth restriction, 
preeclampsia, preterm birth, congenital abnormalities, and low birth weight occur more often 
in assisted reproduction pregnancies (Helmerhorst et al., 2004; Amor et al., 2009; Williams and 
Sutcliffe, 2009; Henningsen et al., 2011). Women who have conceived after assisted 
reproductive techniques usually prefer to avoid invasive diagnostic procedures, such as 
amniocentesis and villus biopsy, due to the risk of miscarriage. Rather, they choose non-
invasive screening before making a decision about invasive testing (Meschede et al., 1998; 
Schover et al., 1998; Geipel et al., 1999; Geipel et al., 2004).  
Pregnancies conceived by assisted reproduction techniques have also been reported to be 
associated with changes in the biochemical parameters of screening for Down syndrome, 
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leading to an increased false-positive rate in the second trimester (Barkai et al., 1996; Ribbert 
et al., 1996; Frishman et al., 1997; Wald, 1999; Raty et al., 2002: Lambert-Messerlian et al., 
2005). The effect of ART on first-trimester Down syndrome screening has been examined, 
but the results are inconclusive. The majority of the studies have reported that nuchal 
translucency screening is not affected by the mode of conception (Liao et al., 2001; Nieminen 
et al., 2001; Wojdemann et al., 2001; Orlandi et al., 2002; Ghisoni et al., 2003; Lambert-
Messerlian et al., 2006; Matilainen et al., 2011). Yet, some studies suggested that NT 
measurements are altered in pregnancies conceived with ART (Maymon et al., 2002; Hui et 
al., 2005; Amor et al., 2009; Gjerris et al., 2009). Several studies have found that serum 
marker levels, especially PAPP-A levels, seem to be altered in ART pregnancies, leading to 
the higher false-positive rate, whereas other studies have been unable to confirm this.    
In this chapter, we present the recent findings of first-trimester Down syndrome screening 
in singleton and twin pregnancies conceived after assisted reproductive technologies.    

2. The effect of ART on nuchal translucency thickness and other ultrasound 
markers 
Measurement of nuchal translucency thickness as a single marker may be the most effective 
screening test, and is thought to be least affected by the mode of conception. Down 
syndrome screening, which combines maternal age and fetal nuchal translucency thickness 
measurement, can achieve a detection rate of 75 - 80% with a false-positive rate of 3 - 5% 
(Kagan et al., 2010). There are several studies which have been examined, whether the 
nuchal translucency measurements are altered in pregnancies conceived by ART.  
In the study by Gjerris et al., (2009) the median NT in entire ART group (n = 992) was 
smaller when compared with spontaneous pregnancies (n = 2532). They also found that the 
mode of the conception had an effect on NT:  the nuchal translucency thickness was thinner 
in in-vitro fertilization (IVF) cases when compared with intracytoplasmic sperm injection 
(ICSI) cases. They also found that a smaller nuchal translucency thickness was noted in 
pregnancies treated with a long protocol hormone treatment compared with those with the 
short hormone treatment protocol. There was not any obvious biological explanation for 
these findings; any significant differences might be due to chance as several statistical 
analyses were performed. Opposite findings were reported by Amor et al., (2009); they 
found that in ART pregnancies (n = 833) the nuchal translucency thickness was increased 
compared with the controls. There was no difference between IVF and ICSI group.   
In our own study (Matilainen et al., 2011), we investigated 282 pregnancies conceived after 
assisted reproductive technologies, and in which only one fetus was noted in early 
ultrasound examination, and who participated in first trimester combined screening. There 
were 24.783 spontaneous singleton pregnancies in our control group. Patients were divided 
into four groups according to the type of conception, as follows: controls, hormonally 
stimulated in-vitro fertilization or intracytoplasmic sperm injection group, spontaneous non-
stimulated frozen embryo transfer (FET) group, and hormonally stimulated FET group 
(HRT-FET). In our study population, NT or NT MoMs (multiples of the medians) were not 
significantly different between the different type of ART pregnancies and spontaneous 
pregnancies.  
The majority of the studies found no difference in the size of NT in ART pregnancies 
compared with spontaneous pregnancies (Liao et al., 2001; Nieminen et al., 2001; 
Wojdemann et al., 2001; Orlandi et al., 2002; Ghisoni et al., 2003; Lambert-Messerlian et al., 
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2006 and Matilainen et al. 2011), and no influence on the screening performance and the 
false-positive rate by compining maternal age and NT for Down syndrome risk assessment 
(Liao et al., 2001; Ghisoni et al., 2003; Bellver et al., 2005; Lambert-Messerlian et al., 2006; Tul 
and Novac-Antolic, 2006; Ancaert et al., 2008; Bender et al., 2010; Matilainen et al., 2011).  
Gjerris et al. (2008) found that gestational age dating in ART pregnancies either by the date 
of oocyte aspiration (DOA) or by crown-rump length differed significantly by 1.5 days. The 
gestational age was higher when it was dated according to CRL. The study group 
speculated that fetuses were larger than expected at the NT scan and their real biological 
gestational age was lower, therefore, a smaller NT MoM values were observed in assisted 
reproduction pregnancies (Gjerris et al., 2009). According to a mathematical stimulation 
method, the use of CRL or DOA for gestational age dating did not significantly influence the 
detection rate for Down syndrome (Gjerris et al., 2008).   
First-trimester screening, which combines maternal age, fetal nuchal translucency thickness, 
and maternal serum free β-hCG, and PAPP-A, can achieve the detection rate of 90% with the 
FPR of 5% (Snijders et al., 1998; Nicolaides, 2004; Wojdemann et al., 2005; Spencer, 2007). A 
further improvement in the screening performance can be achieved by including the 
assessment of additional, new ultrasound markers. These additional markers are the 
absence of the nasal bone, and the blood flow in the ductus venosus, and across the 
tricuspid valve. The absence of the nasal bone, reversed a-wave in the ductus venosus, and 
tricuspid regurgitation are observed in about 60, 65 and 55% of fetuses with Down 
syndrome and in 2.6, 3.2 and 0.9%, respectively, of euploid fetuses. The assessment of each 
of these sonographic markers into first-trimester combined screening, which uses maternal 
age, NT thickness, and maternal serum free β-hCG, and PAPP-A, can yields a detection rate 
of 93 - 96% with the false-positive rate of 2.5%. Screening for Down syndrome by maternal 
age, nuchal translucency thickness and either the ductus venosus, the nasal bone, or the 
tricuspid flow, at the risk cut-off of 1:100, identified 83, 85, and 85% of cases with false-
positive rate of 2.9, 2.7 and 2.7%, respectively (Kagan et al., 2010). Unfortunately, there are 
no studies concerning these new ultrasound markers in pregnancies conceived after ART.  

3. The effect of ART on first-trimester biochemical markers 
In pregnancies affected by Down syndrome the maternal serum level of PAPP-A is reduced 
to about half (Brambati et al., 1993) and the level of free β-hCG is about twice as high when 
compared with values in chromosomally normal pregnancies (Spencer et al., 1992). Maternal 
serum PAPP-A and free β-hCG values are affected by many variables, therefore, to estimate 
accurate patient-specific risks, adjustments in the measured free β-hCG and PAPP-A levels 
take into account their association with gestational age, maternal weight, ethnicity, and 
smoking status (Spencer et al., 1999a; Spencer et al., 2003b; Avgidou et al., 2005; Nicolaides 
et al., 2005). In addition, the mode of conception has an effect on maternal serum screening 
markers.  
Previous studies have shown that serum markers in ART pregnancies differ from natural 
conception in the second trimester, leading to an increased false-positive rate (Barkai et al., 
1996; Ribbert et al., 1996; de Graaf et al., 2000; Niemimaa et al., 2003). Most of the recent 
studies have reported that first-trimester serum markers are altered in pregnancies 
conceived after assisted reproduction, when comparing with spontaneous conception. Many 
studies have shown a reduction, especially in the PAPP-A levels, in ART pregnancies. In our 
own study (Matilainen et al., 2011), we investigated 282 pregnancies conceived after ART, 
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and in which only one fetus was noted in early ultrasound, and who participated in first 
trimester combined screening. The control group was comprised of 24.783 spontaneous 
singleton pregnancies.  We found a significant reduction in the PAPP-A concentration level 
in entire ART group when compared with controls. This is in agreement with most previous 
studies (Liao et al., 2001; Orlandi et al., 2002; Bersinger et al., 2004; Maymon et al., 2004; Hui 
et al., 2005; Tul and Novac-Antolic, 2006; Ancaert et al., 2008; Gjerris et al., 2009; Amor et al., 
2009).  
Some studies have found that PAPP-A levels are decreased in the subgroups of IVF (Liao et 
al., 2001; Tul and Novac-Antolic, 2006; Amor et al., 2009; Gjerris et al., 2009; Bender et al., 
2010; Engels et al. 2010) or ICSI (Ancaert et al., 2008; Amor et al., 2009; Gjerris et al., 2009; 
Bender et al., 2010; Engels et al., 2010).  However, few studies found no differences in the 
value of maternal serum PAPP-A levels in ART conceptions compared to controls (Ghisoni 
et al., 2003; Bellver et al., 2005; Lambert-Messerlian et al., 2006). The study by Kagan et al. 
(2008), which is the largest study so far, reported that PAPP-A levels were reduced 10% in 
pregnancies conceived after assisted reproduction (n = 2115), when compared to controls (n 
= 94.688). In our study (Matilainen et al., 2011), we found no statistically significant 
differences in pregnancies conceived after spontaneous FET or HRT-FET, compared with 
the control group. There are other studies reported that the median PAPP-A MoM level was 
not significantly reduced in FET pregnancies (Anckaert et al., 2008; Gjerris et al., 2009). 
There is also a study in which the median PAPP-A MoM levels were significantly reduced in 
ICSI pregnancies in the fresh and the frozen-thawed embryo subgroups and in the fresh 
embryo IVF subgroups as compared to controls (Hui et al., 2005). Amor et al. (2009) studied 
PAPP-A concentration levels in fresh embryo transfers (n = 773) and frozen embryo 
transfers (n = 573). PAPP-A levels were reduced in both subgroups when compared with 
spontaneous pregnancies. However, fresh embryo transfers were associated with 
significantly lower PAPP-A levels when compared with FET pregnancies.  
Studies concerning about the free β-hCG concentration levels in assisted reproduction 
pregnancies are contradictory. In our study (Matilainen et al. 2011), we found no difference 
in the median free β-hCG MoM concentrations in between the ART and control groups. This 
is in agreement with most previous studies (Orlandi et al., 2002; Tul et al. 2006; Bellver et al., 
2005;  Gjerris et al., 2009; Amor et al., 2009). Yet, there are some studies which have reported 
the free β-hCG levels to be increased in ART pregnancies (Niemimaa et al., 2001; Liao et al., 
2001; Ghisoni et al., 2003; Bersinger et al., 2004; Hui et al., 2005). One study even has 
reported slightly decreased free β-hCG levels in IVF pregnancies (Engels et al., 2010). 
The disintegrin and metalloproteinase domain 12 (ADAM12) is a further first-trimester 
serum marker for Down syndrome (Laigaar et al., 2003) and other chromocomal aberrations 
(Spencer & Cowans, 2007). There is only one study concerning the use of ADAM12 as a first- 
trimester Down syndrome screening marker in ART pregnancies (Laigaard et al., 2009). 
Study group found no alterations in ADAM12 serum marker levels in ART pregnancies 
when compared with spontaneous pregnancies.   
In our study, the odds ratios for a false-positive rate in the combined first-trimester 
screening for Down syndrome by maternal age, nuchal translucency, and PAPP-A, and free 
β-hCG, were not increased in women who conceived following ART, after adjustment for 
maternal age (Matilainen et al. 2011). This is in agreement with many other studies 
(Maymon and Shulman, 2001b; Liao et al., 2001; Wojdemann et al., 2001; Orlandi et al., 2002; 
Bellver et al., 2005). There are also studies which have reported higher FPR in the ART 
group even after adjustment for maternal age (Orlandi et al., 2002; Amor et al., 2009; Gjerris 
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et al., 2009). Tul and the study group (2006) found a higher FPR in pregnancies after ICSI. 
Amor et al. (2009) found that PAPP-A levels were reduced and FPR was higher, both in 
fresh and frozen-thawed embryos, but only in pregnancies in which the mother was 
administered hormone treatment around the time of embryo transfer. First-trimester Down 
screening which combines maternal age, NT, and biochemical markers may increase the 
false-positive result in ART pregnancies, therefore, it increase the likelihood of having 
amniocentesis or chorionic villus sampling. However, contradictory results from previous 
published works require larger studies. As more information accumulates on serum marker 
variations in ART pregnancies, procedure-specific medians for serum markers may need to 
correct changes in pregnancies conceived after ART. Table 1 summarizes the results of the 
previous studies.  

4. Possible explanations for altered serum marker levels in ART pregnancies 
There are many possible confounding factors, which could lead to contradictory results on 
maternal serum screening markers in pregnancies conceived after assisted reproductive 
techniques. Multiple corpora lutea and multiple implantation sites have been suggested to 
be the reason for either increased or decreased marker levels (Weisz et al., 2006). It has been 
recommended that abnormal marker levels could be due to the underlying subtle metabolic 
or genetic conditions that can also be the reason for infertility itself (Ribbert et al., 1996). It 
has also been suggested that lower PAPP-A levels in ART pregnancies might be the result of 
metabolic impairments related to infertility of the mother (Maymon and Shulman, 2002). 
However, Amor et al. (2009) found that PAPP-A levels were reduced, both in male-factor 
infertility, female-factor infertility, and the combination of female and male cause. Anckaert 
et al. (2008) found that PAPP-A values did not differ between male and female infertility. 
The same study group found higher median free β-hCG level values in non-male infertility 
compared with male infertility and spontaneous pregnancies.   
Also, a functional delay in fetal and placental development and the higher risk of obstetric 
complications associated with ART, can lead to changes in serum marker concentrations 
(Maymon et al., 2004; Helmerhorst et al., 2004; Hui et al., 2005, Williams et al., 2009; 
Henningsen et al., 2011). Studies have shown that low first-trimester PAPP-A levels 
indicates placenta-related disorders, such as fetal growth restriction, low birth weight, 
preeclampsia (Papageorghiou et al., 2007; Gagnon et al., 2008; Pihl et al., 2008; Goetzinger et 
al., 2010). Studies have also shown that maternal and fetal complications occur more often in 
assisted reproduction pregnancies (Helmerhorst et al., 2004; Amor et al., 2009; Williams et 
al., 2009; Henningsen et al., 2011). However, Amor et al. (2009) found that PAPP-A levels 
were reduced in ART pregnancies with or without pregnancy complications (e.g., 
preeclampsia or low birth weight). In other study by Zhong et al. (2010), ART pregnancies 
with low PAPP-A level values were at higher risk for small-for-gestational-age infants or 
preterm delivery less than 32 weeks of gestation when compared with spontaneous 
pregnancies with low PAPP-A values. 
Recent studies have suggested that vanishing twin might have the impact on serum marker 
level alterations. Spencer et al. (2010) found that in women with a second empty gestational 
sac, the median PAPP-A and free β-hCG values were not different from the median values 
in non-ART pregnancies. Yet, they found that median PAPP-A levels were significantly 
increased in pregnancies with a vanishing twin and a measurable crown-rump length. 
Median free β-hCG levels were unchanged in those pregnancies. Amor et al. (2009) found 
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Study Natural 
pregnancies 

Assisted reproduction 
pregnancies Free β-hCG PAPP-A 

Liao et al. (2001) 1233 161 (OI)   
  220 (IVF)   
  30 (ICSI)   
Wojdemann et al. (2001) 3026 63 (OI)  
 47 (IVF)  
Niemimaa et al. (2001) 4265 49 (IVF)  
Orlandi et al. (2002) 370 32 (IVF)  
 42 (ICSI)  
Maymon and Shulman (2002) 285 71 (IVF)  
Ghisoni et al. (2003) 435 145 (ART)  
Maymon and Shulman (2004) 1781 99 (IVF) N/A  
Hui  et al. (2005) 401 92 (IVF)  
 57 (ICSI)  
 54 (FET/IVF)  
 31 (FET/ICSI)  
Bellver et al. (2005) 498 97 (OI)  
 47 (IVF)  
 222 (ICSI)  
 71 (OD/IVF)  
 119 (OD/ICSI)  
Lambert-Messerlian et al. (2006) 37 070 277 (IVF)  
Tul and Novac-Antolic (2006) 914 130 (IVF)  
Kagan et al. (2008) 97 294 2115 (IVF)  
Gjerris et al. (2009) 2532 992 (ALL ART)  
 512 (IVF)  
 396 (ICSI)  
 84 (FET)  
Amor et al. (2009) 50 253 1739 (ALL ART)  
 654 (IVF)  
 1052 (ICSI)  

  773 (Fresh 
IVF/ICSI)   

 573 (FET)  
  
Matilainen et al. (2011) 24 783 176 (IVF/ICSI)  

87 (FET)  
19 (HRT-FET)  

OI=ovulationinduction,
=decreased, =increadec, =not different 

Table 1. Comparison of first trimester biochemical markers in singleton pregnancies 
achieved spontaneously and by assisted reproduction. 

that in their ART population vanished twins appear to increase the PAPP-A levels rather 
than decrease them. Gjerris et al. (2009) found no effect on PAPP-A and free β-hCG 
concentration values in ART pregnancies with an early vanishing twin. It is believed that 
vanished twins do not decrease the PAPP-A levels, in fact, they might have the opposite 
effect (Amor et al., 2009). 
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Maymon and Shulman (2002) suggested that a reduction in PAPP-A levels in pregnancies 
conceived after assisted reproduction might be an artefact of testing being undertaken at an 
earlier gestation. Amor et al. (2009) found no difference between ART and non-ART 
pregnancies in the timing of ultrasound examination or blood sampling. However, they did 
found a slightly greater crown-grump length for frozen-thawed embryos compared to fresh 
embryos. They suggested that this difference may reflect a longer in-vitro culture time for 
frozen-thawed embryos, but the difference would not affect the median PAPP-A MoM 
levels because these values are adjusted for gestational age. 
There are several studies that have suggested that exogenous hormone treatment is the main 
reason for reduced PAPP-A levels in ART pregnancies (Bersinger et al., 2004; Hui et al., 
2005a; Tul and Novak-Antolic, 2006; Amor et al., 2009). Amor et al. (2009) examined the 
effect of hormone treatment versus no hormone treatment irrespective of FET or fresh 
embryo transfer and found low PAPP-A levels in transfer cycles with any hormone 
treatment when compared with cycles without hormone treatment. They also found that 
PAPP-A levels were reduced regardless of the type of ovarian stimulation. In our study, we 
also found that PAPP-A concentration levels were reduced in hormonally-stimulated 
IVF/ICSI pregnancies, but there was no statistically significant difference in spontaneous 
FET pregnancies (Matilainen et al., 2011). Amor et al. (2009) suggested that administration of 
exogenous hormones interferes with the normal endocrine changes of early pregnancy, 
resulting in reduced PAPP-A levels. Tul and Novak-Antolic (2006) found significantly 
decreased PAPP-A concentration levels with increasing numbers of transferred embryos 
and also with increasing numbers of retrieved oocytes. The authors hypothesized that the 
number of oocytes retrieved reflected the number of corpora lutea in pregnancies, 
supported by their other finding that inhibin A, which is secreted by corpora lutea, was 
increased with decreasing PAPP-A. They suggested that inhibin A inhibits the secretion of 
PAPP-A.  However, Bender et al. (2010) found no correlation between PAPP-A and free β-
hCG values and the transfer of one, two or three embryos in assisted reproduction 
pregnancies. 

5. Down syndrome screening in multiple pregnancies 
Twin pregnancies are becoming more frequent in most developed countries due to the 
increased use of assisted reproductive technologies and advanced maternal age (Spencer 
2000). Approximately 25% of pregnancies arising from assisted reproduction are twins or 
higher order multiples.  Despite increasing use of elective single-embryo transfer, double or 
more embryo transfer was in 2004 occur in more than 80% of all ART procedures (Andersen 
et al., 2008).  
During the last three decades various methods of screening for Down syndrome were 
introduced in clinical practice, yet, specific problems were encountered when they were 
applied for twin pregnancies. Screening for Down syndrome in twin pregnancies is 
considered to be difficult because of the clinical, technical and ethical challenges posed for 
diagnosis and clinical management of such pregnancies (Cuckle, 1998; Spencer and 
Nicolaides, 2003).  
The value of the prenatal screening for Down syndrome by biochemical test in twins is 
limited because of the masking effect of normal co-twins and the difficulty of pinpointing 
the abnormal co-twin (Cuckle, 1998); therefore the ultrasound seems to be the better method 
for Down syndrome screening both for spontaneous and ART twin pregnancies (Maymon et 
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al., 2002).  On the basis of the observation that nuchal translucency thickness measurements 
were comparable in twins and singleton pregnancies affected by Down syndrome, the 
application of a combination of maternal age and NT measurement as the tool of assessing 
the risk of trisomy 21 has been advocated in twins (Pandya et al., 1995; Sebire et al., 1996). 
The same screening strategy has also been proposed for twins produced from ART 
pregnancies (Maymon et al. 1999). The detection rates for Down syndrome of 75 - 80% have 
been reported in twin pregnancies using maternal age and NT for risk calculation (Sebire et 
al. 1996; Kagan et al., 2007).   
Chorionicity has an impact on Down screening measurements and first-trimester evaluation 
in twins is not completed until an accurate chorionity determination is performed 
(Sepulveda, 1997). The majority of twin pregnancies conceived after ART are dichorionic, 
yet, the incidence of monochorionic twin pregnancies after ART has increased (Wenstrom et 
al., 1993). Chorionicity has an impact on the nuchal translucency thickness. In 
monochorionic twin pregnancies mean fetal nuchal translucency thickness and inter-twin 
nuchal translucency thickness were larger when compared with dichorionic twin 
pregnancies (Cheng et al., 2010). In monochorionic twins the increased nuchal translucency 
thickness and discordance of NT have been associated with adverse pregnancy outcome, 
such as perinatal death and twin-twin transfusion syndrome (El Kateb et al., 2007; Kagan et 
al., 2007). Several studies have reported that the median NT measurements did not differed 
in twin pregnancies conceived after ART when compared to spontaneous pregnancies 
(Goence et al., 2005; Hui et al., 2005; Maymon et al., 2005). It is recommended that for 
dichorionic twins each co-twin fetus is treated as a singleton and its risk is calculated using 
the published distribution of NT values for singleton pregnancies (Maymon et al. 2005). In 
monochorionic twins, Down syndrome screening is provided by risk calculation based on 
the average nuchal translucency thickness measurement of two fetuses (Vandecruys et al., 
2005).  
Adding the PAPP-A and free β-hCG level measurements to nuchal translucency thickness in 
twin pregnancies may improve the detection rate about 5 - 6% (Spencer and Nicolaides, 
2003), but helped mainly to reduce the higher FPR (Goence et al, 2005, Chasen et al., 2007). 
In twin pregnancies interpreting all the results of these screening markers is more difficult 
because the serum marker concentration relates to the pregnancy, while each NT 
measurement is fetus-specific (Maymon et al., 2005). Chorionity is suggested to have an 
impact on maternal serum marker levels: one study reported lower PAPP-A levels but 
indifferent free β-hCG values in monochorionic twin pregnancies when compared with 
dichorionic pregnancies (Spencer et al., 2008). In other study both markers were decreased 
in monochoric twin pregnancies (Liskens et al., 2009). In two studies, where no 
differentiation of chorionicity was made, no differences were found in maternal serum 
concentrations between assisted twin pregnancies and controls (Orlandi et al., 2002; Gonce 
et al., 2005). It is recommended that when invasive testing is indicated, NT alone is the 
screening method women should be counseled to choose, because ultrasound is the best 
mean of specifically locating the affected co-twin (Spencer and Nicolaides, 2003).     

6. Conclusion 
Pregnancies conceived after ART represent a group of high-risk pregnancies, which carry a 
higher psychological and financial burden compared to spontaneous pregnancies (Oddens 
et al., 1999). ART pregnancies differ from spontaneous pregnancies in many aspects, 
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therefore, Down screening among women pregnant after ART is more complicated. The 
proportion of women aged 35 years or more is higher in ART pregnancies, therefore, a risk 
of women having a child affected by Down syndrome is also a higher (Geipel et al., 1999; 
Pinborg et al., 2004; Weisz and Rodeck, 2006, Gjerris et al., 2008). Risk of chromosomal 
aberrations is increased in pregnancies conceived after intracytoplasmic sperm injection 
(Aboulghar et al., 2001; Bonduelle et al., 2002; Jozwiak et al., 2004; Gjerris et al., 2008). The 
proportion of multi-fetal pregnancies is higher in pregnancies conceived after assisted 
reproduction (Weisz and Rodeck, 2006, Gjerris et al., 2008). Also fetal and maternal 
complications occur more often in assisted reproduction pregnancies (Helmerhorst et al., 
2004; Amor et al., 2009; Williams and Sutcliffe, 2009; Henningsen et al., 2011). The uptake of 
amniocentesis and villus biopsy is believed to be lower, because of the higher risk of 
miscarriage. Women pregnant after ART rather choose non-invasive Down screening before 
making a decision about invasive testing. (Meschede et al., 1998; Schover et al., 1998; Geipel 
et al., 1999; Geipel et al., 2004).  
A number of different first-trimester ultrasound and biochemical markers have been 
validated in first-trimester screening for Down syndrome. Method of choice in first-
trimester Down screening is combined screening, which measures maternal serum levels of 
free β-hCG and PAPP-A at 9 – 12 weeks of gestation and nuchal translucency by ultrasound 
at 11 – 13 weeks gestation. These measurements are combined with maternal age, weight, 
and gestational age to produce an risk estimate of fetus having a Down syndrome (Wald et 
al., 2003). For pregnancies with increased risk, an invasive procedure can be offered.  
Measurement of fetal nuchal translucency thickness is the most investigated screening 
method and it is believed to be least affected screening method in ART pregnancies. Some 
studies have reported a small deviation of NT measurements in pregnancies conceived after 
assisted reproduction, but these alterations did not influence overall screening performance. 
The majority of the studies found no difference in NT measurements in ART pregnancies 
compared with spontaneous conceptions (Liao et al., 2001; Nieminen et al., 2001; 
Wojdemann et al., 2001; Orlandi et al., 2002; Ghisoni et al., 2003; Lambert-Messerlian et al., 
2006 and Matilainen et al. 2011) and no influence on the screening performance and the 
false-positive rate by combining maternal age and NT for Down syndrome risk assessment 
(Liao et al., 2001; Ghisoni et al., 2003; Bellver et al., 2005; Lambert-Messerlian et al., 2006; Tul 
and Novac-Antolic, 2006; Ancaert et al., 2008; Bender et al., 2010; Matilainen et al., 2011). The 
use of new sonographic markers, such as the absence of the nasal bone, has not been 
explored in ART pregnancies.  
Several studies have reported that first-trimester maternal serum free beta-human chorionic 
gonadotropin and pregnancy-associated plasma protein-A levels are altered in ART 
pregnancies and might increase the false-positive rate. The reasons behind these alterations 
are not unambiguous. It has been suggested that e.g. exogenous hormone treatment, 
functional delay in fetal, and placental development and the higher risk of obstetric 
complications associated with ART can lead to changes in serum marker concentrations.     
Pre- and post-test counseling for women carrying ART-pregnancies is extremely important. 
Further studies should be determined the viability of altering the risk calculation for 
pregnancies conceived after ART.   
Twin pregnancies are becoming more frequent in most developed countries due to the 
increased use of assisted reproductive technologies and advanced maternal age (Spencer 
2000). Down screening in twin pregnancies is considered to be difficult because of the 
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clinical, technical and ethical challenges posed for diagnosis and clinical management of 
such pregnancies (Cuckle, 1998; Spencer and Nicolaides, 2003). In twin pregnancies 
chorionicity is an important confounding variable. It is recommended that for dichorionic 
twins, each co-twin fetus should be treated as a singleton and its risk should be calculated 
using the published distribution of NT values for singleton pregnancies (Maymon et al. 
2005). In monochorionic twins, Down syndrome screening is provided by risk calculation 
based on the average nuchal translucency thickness measurement of two fetuses 
(Vandecruys et al., 2005). 
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