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Abstract

Down syndrome (DS) is a complex genetic disease resulting from the presence of 3 copies of chromosome 21. This extra chromosome is present in almost 95% of maternal cases and is due to the failure of normal chromosomal segregation during meiosis. Parental age is a major risk factor for trisomy 21. Most children with DS are born to mothers over the age of 30 years. DS affects more than 300 000 individuals in the US. In the UK this is about 20,000 a year. DS is a multisystem disorder affecting one in 650–1000 births worldwide (Ruparelia and Mobley, 2015). DS is known to produce significant cognitive deficits and declines in patients afflicted with this illness (Bowman et al, 2013). The intention of this review is to look at the impact of DS on child development and the effects of DS on learning and educational development by collecting information through various research. Search results identified that in the developed countries, there was between 10-12 cases of DS for every 650-1000 live births, whereas in the UK it was 1 case. Further research identified DS as one of the least funded genetic condition. Early intervention is not always carried out on time although it’s crucial for the child development. 

Introduction

This study addresses DS in young children. The information in this research will help to understand DS and the affects it has on young children. The paper will also address the intention of choosing this research topic and the impact it has on child development. 

According to Al-Nbaheen and Salem (2018) DS is a condition that is caused when it results in an extra full or partial copy of chromosome 21. It occurs as an extra copy of chromosome 21 is formed so there is the presence of 47 chromosomes instead of 46. This extra chromosome 21 causes structural and functional anomalies within the individual body. This is a genetic disorder which causes varied levels of intellectual and physical disability and increases organic disorders leading to birth defects. This is consistent with many literatures that parental age is a huge factor and a primary risk to DS, (Wajuihian, 2016).

The first person to identify and describe DS in children was Escorel in 1838 (Weijerman, 2011). The British physician Prof. John Langdon Haydon Down (John Down) later discovered this and described it as a mental disorder in 1866. The research carried out by Prof John Down, found that children with DS have common physical characteristics which was similar to the Mongolian race. It was from this that Turpin and Gautier identified the third chromosome 21 in patients with DS in 1959. This discovery lead to better and more understanding of chromosome 21 in DS. 

[bookmark: _GoBack]Research is important for people with DS, especially due to DS being one of the least funded genetic condition by the National Institutes of Health (NIH). There has been a decline from 2001 into funding for DS research. Karmiloff-Smith et al (2016), explains why research is important and how it has helped modify our understanding and the individual differences with DS. It helps to study the syndrome and how maternal age plays a role in the disorder. It also helps develop new methods of diagnosis before birth and after birth. According to NIH, there are approximately 20,000 cases in the UK every year of this genetic disorder that is linked with intellectual and physical appearance. There are many treatments to help with this disorder, however there is no cure, it can be lifelong.

The impact of DS on child development?

DS will affect the development of all children born with this disorder causing them considerable delay in their learning. However, according to the Down's Syndrome Association, learning can be improved significantly if adequate measures are put in place early with extensive training. Early intervention would enable children with DS to grow up to lead better lives.

In addition to intellectual and developmental disabilities, children with DS are at an increased risk for various types of health problems ranging from learning difficulties to heart defects. Although not every individual with DS will have serious health problems, the ones who do have serious conditions can be treated through various interventions such as medication, surgery or other interventions. This will give the individual a better life expectancy.

The literature review will consider; the three forms of DS and the cause; the effects of DS on learning and educational development; the different types of therapies required by children with DS and the effects of early intervention.

LITERATURE REVIEW

Three Forms of Down syndrome and the causes

This study looked at the varied levels of intellectual and physical disabilities in people with Down syndrome (DS). It found aneuploidy as the most commonly discovered chromosome abnormality in human live born. One of the key factor that was identified from this study was that parental age for the occurrence of trisomies, particularly trisomy 21 was a cause for DS. 

The maternal age effect remains one of the main factors for causes of DS. The study by Gaulden (1992) explained that a woman’s chances of giving birth to a child with DS increase with age because older eggs have a greater risk of improper chromosome division. This is because a woman’s risk of conceiving a child with DS increases after 35 years of age. The review showed two facts, the first one is that 95% of DS children inherit the extra chromosome from their mother. 

The second fact is that due to no internal circulation of the ovarian follicle containing the primary oocyte and the imbalance of hormones causes a less-than-optimal microvasculature to develop around the mature follicles. This causes the size of the perifollicular capillary bed to decrease in size which then reduces the volume of blood flow through the area which leads to oxygen deficit and concomitant increase inside the follicle of carbon dioxide and anaerobic products, such as lactic acid. This in turn causes a decrease in the intracellular pH of the oocyte causing displacement and nondisjunction of a chromosome. This explains why women of all ages may have a Down syndrome child especially those over 35 years of age.  

According to Patterson (2009) DS is the most common chromosome abnormality in humans. People with DS are at an increased risk of developing many other health conditions including heart disease, obesity and infections to name a few. 

The study carried out by Bornstein et al (2010) found there to be three copies of chromosome 21 in all DS cases. These are (1) Complete Trisomy 21, (2) Translocation Trisomy 21 and (3) Mosaic Trisomy 21. It was found that approximately 95% of DS cases were caused by Complete Trisomy 21. The less common forms are Translocation Trisomy 21 and Mosaic Trisomy 21 which accounts for 1-3% of all DS cases. 

His study has also shown that having children at a later age is directly associated with an increased risk of complete T21. However, there is no evidence of this in cases of translocation leading to DS. However, the study found that approximately 25% of translocation T21 are passed on from a carrier parent, which meant there was a high recurrence rate. Data also suggests Mosaic T21 do not appear to show the same screening tests on foetuses as complete T1. 

According to Jyothy et al (2002), her study revealed that the majority of translocation Down syndrome cases were in fact born to younger mothers of around 25 years, compared to the complete T21 cases. The study by Moreira et al (2000) found that a very small percentage of people had Mosaic T21. Out of 437 cells that were analysed only 3% were found to have Mosaic T21. The majority of people with DS were found to have complete T21 compared to only 2% of people with Mosaic T21. Tests also found normal intellectual development in these rare cases as the low trisomy cell frequency had very little effect on the individual. 

The effects of Down syndrome on learning and educational development

The study by Bittles and Glasson (2004), described DS as not an inheritable disease but is still a risk factor as it can be passed on from a parent. It is one of the least commonly inherited form of learning disability. They explained that between every 650-1000 live births, there was 1 case of DS. In the developed countries, cases of DS between every 650-1000 live births was approximately between, 10-12. The same study also stated that the actual number of DS conception was unknown. However, the figures are likely to be high as more and more people are having children at a later age and studies show that the maternal age might be involved.

Bittles and Glasson (2004) also stated that males with DS are almost infertile, whereas females with DS are more likely to be successful. However, there is a high risk of the new-born having DS. 

Various studies into the life expectancy of people with DS shows life expectancy increasing with the oldest living person at the age of 73 years. Their studies also confirmed that life expectancy for male was 3.5 years more than the females. Evidence and research suggest there is substantial increase in survival for people with DS and this meant the life expectancy of people with DS was slowly increasing and reaching that of the general population, (Glasson et al., 2002; Chicoine and McGuire, 1997, Coppus, 2013)

Palikara (2018) stated there were ongoing debates about the rights of children who had special educational needs and disabilities (SEND), so that more and more children with SEND attend mainstream school. Further study showed that children with special needs were not receiving the right support in order to meet their needs.

The first effect of DS is speech and therapy. This is an effective method for managing DS. According to Dobb and Thompson (2001), most children with DS lack speech skills unlike other children who have Intellectual Disability (ID). Children with DS have difficulties in learning from listening and can’t cope with long sentences. They find it difficult to form a sentence and understand instructions. They often struggle with thinking and reasoning and have weak comprehension skills.

Another effect of DS is hearing. Nightengale et al (2017), looked at the study and collected various data on 308 children with DS. The results identified that 24.9% of those children had permanent hearing loss, of whom 75.4% bilateral and 33.3% conductive hearing losses. Of these children 22-30% experienced short term hearing loss with their middle ear from infant to adulthood. Around 70% of children experience conductive hearing loss meaning glue ear. Hearing in children with DS tends to fluctuate a lot or even permanently reduced.  

Another effect of DS is visual difficulties. According to Goossens et al (2016), children with DS typically experience some degree of reduced visual acuity such as soft focus and around 80% have poor focus at range to 25cm. Bifocals are routinely recommended. It is unclear whether the prescribed glasses actually correct the visual acuity in both distance vision and near vision. As a result, people with this disabilities experience difficulties in writing, using a pencil on normal exercise books with faint blue lines and reading books or writing with fonts less than 18pt. They struggle with copying text and diagrams or even pictures as these have little contrast. However, evidence suggests that bifocals certainly improves their vision to help with a lot of the things they struggle with visually.  

Another effect of DS visual learning skills. Caselli et al (1998), described that most studies of gestural communication in children with DS showed the use of pointing. This was also an effective method of communication with their mother and other children. The ability to learn and use sign and gesture were found to be strong in children with DS. The study showed that there were severe delays in reaching the developing stages for children with DS compared with normal developing children. However, these two groups differed significantly in gestural development, which showed children with DS have gesture advantage over normal developing children. 

Another major effect of DS is Fine & Gross Motor Skills. This is something that correlates with low muscle tone or loose ligaments as well as poorer messaging systems. The effects of this is delayed self-help skill, short concentration, even difficulty focussing on task and multitasking. They seem to tire more easily and distracted by other factors. Young et al (2020), described this as an area educators are working hard to come up with evidenced based teaching practices to improve motor skills in children with DS. Educators are also working closely with families to meet the individual need. 

Another effect of DS is Short Term Working Memory. Loveall and Conners (2016), described children with DS having weak consolidation skills with difficulty in memorising a string og events and remembering instructions. They struggle to transfer new information they have learnt to long term memory, which means they tend to forget things easily. 

The types of therapies required by children with DS

While there is no cure for DS, there are several therapies, treatments and extensive educational support available to them to help improve their quality of life. 

Speech therapy is one that is usually employed at an early age to enhance the child’s ability to communicate. However, as children with DS are known to have fluid retention behind the eardrum, this usually leads to hearing loss. As a result, most children with DS end up with lifelong difficulties in speech and understanding (Yoder et al 2016).

Physical therapy is one that focusses on improving how a person moves. Children with DS have poor muscle tone and smaller hands, a physical therapy is used to strengthen and tone muscles in improving coordination, balance and correctin their posture. According to Ruiz-Gonzalez et al (2019), it has been evidenced that physical therapy interventions in DS actually increases the strength of upper and lower limbs and balance. 

Occupational therapy is designed to help and improve a person’s day to day skills that is necessary for living a healthy life. It helps to improve fine motor skills as described above and also performing daily tasks, such as dressing up, brushing their teeth and eating. As they get older, their attention will move to other skills such as writing and using a computer. A study carried out by Gupta (2011), confirmed that strength and balance improve in children with DS following long occupational intervention.

Assistive technology is a term that is used to describe certain devices that help a person with disability work better. It can be anything from a large letter keyboard to mobile phones, hearing aids, pencil/pen grips, seat cushions and walking aids. IT equipment such as touchscreen tablets and computers are very useful for children with DS who struggle with performing fine motor movements. Educational software is also very important and can make learning and lessons more accessible and appealing. Arpacik (2018), described the advantage of assistive technology such as the use of touch screen and large screens and the importance of this area for an individual with DS.

The effects of early intervention

It is crucial that children who are identified with development disabilities such as DS require early intervention as they are eligible to receive this service from the government. Early intervention is something defined as a special program or a service for children with special need from birth. 

Nawi et al (2013), stated that the outcomes among parents of DS children who receive early intervention is much better, 67.3 percent, compared to parents of DS children who receive late intervention, 41.4 percent. This shows that early intervention seriously helps both the family and the children with DS.

Davis and Andrew (2008), described that evidenced-based interventions and developing interventions are important for one’s need and development. It is critical that interventions are carried out at an early stage. This is because an early intervention is much more effective than later intervention. It was reported by Sanz and Menendez (1996) that a short delay such as 2-months with intervention for children with DS resulted in much poorer development of their gross and fine motor language and skills. Aparicio and Balana (2002), found that learning and social skills could be dramatically improved if these interventions were started a lot earlier.

Methodology

My preliminary research was based on DS in children. I chose this topic due to personal experience within the family and I want to familiarise and enhance my understanding.

Before I started researching my topic, I looked at my research question which informed me on what to look for. At the initial stage of my research I carried out a preliminary research and conducted a thorough search into Down syndrome. 

I used various search engines, such as the University library and Google Scholar to get the information for my literature review. When I did my literature review, I had over one million hits. Using my key words such as ‘children’ and ‘Full Text Online’ I was able to narrow down the results to less than half a million. I then used ‘relevance’ to narrow down my search results. I also used timing to reduce my search results even more by looking at results from 1990 onwards. I made sure my results were reliable and correct by making sure it covered my area of subject. I used studies that are relevant to my study and excluded the more generic hits on DS. I have also excluded studies from social media and even books it was not so effective, so I concentrated mainly on peer-reviewed journals for more credible and accurate information. 

I used search tools using keys words such as ‘effects of DS’, ‘therapies for DS’, ‘educational development for DS’, ‘effects of early intervention for DS’ and ‘causes of DS’. By using key words and phrases, I was able to result in information which was relevant to my area of topic. 

During my review I have reviewed a total of 55 journal articles a lot of which did not directly cover my area of subject, so I continued to change my key words to get the results I was looking for. This enabled me to get up to date information which was reliable and correct that was relevant to my subject. 

Findings

My study has found three major forms of DS. My study into Bornstein et al (2010) found there to be 3 copies of chromosome 21 in all DS cases. These are;

· Complete Trisomy 21
· Translocation Trisomy 21 
· Mosaic Trisomy 21

The less common forms are Translocation Trisomy 21 and Mosaic Trisomy 21 which accounts for approximately 1-3% of all DS cases.

The importance of the above information was crucial to my research as it enabled me to understand and explain the different forms of DS that I was not aware of.

My study has found DS as one of the least funded genetic condition by the National Institutes of Health (NIH). Funding for DS started to decline from 2001, however prior to my research, I was clearly under the impression that DS was adequately funded. This was proven wrong and Karmiloff-Smith et al (2016), explains why research is so important into DS to help develop new methods of diagnosis before birth and after birth. 

My research has also found that there are approximately 20,000 cases of DS in the UK every year which is a large proportion of the overall birth per year. Without the right funding and the investment into research in DS those numbers will not decline, especially when funding is being reduced.   

My findings also identified the importance of early intervention. Davis and Andrew (2008) explained the importance of early interventions for one’s need and development. Sanz and Menendez (1996) explained that a two-month delay resulted in much poorer development of the child’s gross and fine motor language. 

My research found that the outcomes of parents who receive early interventions is much higher than parents of children who receive late intervention (Nawi et al, 2013).

Various research showed a high percentage of DS children having permanent hearing loss as evidenced by the study carried out by Nightingale et al (2017). In addition, around 80% of children with Down syndrome had reduced vision, long and short distance (Goossens et al, 2016).

Conclusion

This research was about the impact of downs syndrome on child development. The purpose of this report was to study and analyse key areas, such as the different forms of DS in children, the effects it has on children with DS such as learning and educational development, the types of therapies required by children with DS and also the effects of early intervention.

The study has identified the three major forms of DS in the literature, Complete Trisomy 21, Translocation Trisomy 21 and Mosaic Trisomy 21. 

Research findings suggests a lot of these cases is directly associated with having children at a later age, however, there was no evidence to link this with Translocation Trisomy 21. 

A number of research into the learning and educational development showed children with special needs were not receiving the right support in order to meet their needs. In a study by Palikara (2018), it was described that there were ongoing debates about the rights of children with special educational needs. This was to try and get more and more children to attend the mainstream school. 

Further research showed children with DS lack speech skills and have difficulties in learning in a normal class. This was due to hearing issues and visual difficulties as described by (Dobb and Thompson 2011; Nightingale et al., 2017; Goossens et al., 2016).

Research into the various types of therapies required by children with DS found that there were particularly four critical areas, there are, Speech Therapy, Physical Therapy, Occupational Therapy and Assistive Technology. All the research points to these therapies being crucial for children with DS to manage their daily life. Speech therapy is required to help improve the child’s communication immediately after birth (Yoder et al, 2016).  Physical therapy was just as important as it focusses on improving how a person moves and is used to strengthen and tone muscles, improving coordination, balance and their posture (Ruiz-Gonzalez et al, 2019).  Occupational therapy is also crucial to improve their day to day skills for a healthy life and finally assistive technology that helps a person function better.   

The study by Sanz and Menendez (1996) strongly supports early intervention. Early intervention is critical for one’s need and development. This is because early intervention is more effective than later intervention.

All my research suggests DS is one of the least funded condition by the National Institutes of Health. It’s an area which requires more funding to provide the help and support needed by these children.  My recommendations based on my research are as follows;

· Recognise the specific developmental and educational needs of children with downs syndrome
· More funding to help support these children with their needs.
· Early intervention should start as soon as possible. This will help to address development delays the child faces and plans can be implemented early with the right services.
· Ensuring the child receives physical, speech-language, occupational and behavioural therapies as early as possible for them to prepare and meet their goals to help them throughout their lifetime. 
· Promote and support approaches to downs syndrome and ensure principles are adhered to at all times by services.
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