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Medical conditions in children with Down syndrome: a

literature review

Background: Children with Down syndrome experience an array of medical conditions
and health care problems. Although there have been vast improvements in the medical
management of these conditions, they still significantly impact on quality of life for
families and children with Down syndrome. However, despite the magnitude of this
problem limited literature has described the overall health status of children with Down
syndrome.

Aim: The purpose of this review was to describe the medical conditions commonly
experienced by children with Down syndrome and to consider the clinical implications of
this knowledge.

Methods: Databases Medline, CINHAL and PsychINFO were electronically searched to
identify relevant articles from 1990 to 2009. Inclusion criteria were children aged 18
years or younger with a diagnosis of Down syndrome, who had one or more medical co-
morbidity. Articles were excluded at the title or abstract level if they were not peer
reviewed, English articles, or did not meet the inclusion criteria. A narrative review of
this research was possible.

Results: Common medical conditions experienced by children with Down syndrome
include: cardiac and gastrointestinal disorders, musculoskeletal disorders, respiratory
problems, eye and visual defects, ear and hearing impairments, frequent episodic illnesses
and infections, and a greater risk of leukaemia and thyroid conditions. Prevalence
estimates for these conditions varied depending on the diagnostic criteria or study
methodologies.

Conclusion: Knowledge of the high levels of co-morbidities experienced by children
with Down syndrome will lead to the development of more effective interventions for
teachers and health care professionals, and also assist in the provision and resource
allocation of disability services.
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Medical conditions in children with Down syndrome: a

literature review

Introduction

Down syndrome is a chromosomal birth disorder and the single most common cause of
intellectual disability in Western Australia [1]. The worldwide prevalence of Down
syndrome varies and may be determined by accessibility to prenatal screening [2], socio-
cultural attitudes, religious beliefs and political legislation regarding termination of
pregnancy [3]. In Western Australia since 1980, the number of children born with Down
syndrome has remained relatively stable at approximately 1 per 1000 births, however the
overall cases of Down syndrome conceptions (live births, still births and terminations of
pregnancy) has more than doubled, from 1.2 per 1000 conceptions in 1980-84, to 2.6 per
1000 in 2006 [4]. This change in the epidemiology of Down syndrome has been largely
the result of increasing maternal age [5] and the widespread utilisation of early prenatal

screening [6].

It is well documented that Down syndrome is strongly correlated with maternal age [7].
Due to the changing roles of women in westernised societies, major socio-demographic
shifts have resulted in increasing maternal age. Within the Australian context, women’s
participation in the workforce has increased from 40% in 1979 to 55% in 2006 [8, 9] and
their educational attainment is now similar to that of men [10]. As a result, the
postponement of childbirth has contributed to the overall increase in Down syndrome

conceptions [4].

The large increase in the reporting of Down syndrome conceptions is attributed to the
accessibility and utilisation of antenatal screening programs. In Australia, since 1999, the
rate of women’s participation in antenatal screening programs has increased 2.5 fold to
44% [11] and the proportion of Down syndrome cases diagnosed prenatally for women
under 35 has increased from 3% to 60% [12]. As a result, foetuses which would usually
have spontaneously miscarried, are now being detected, contributing to an increase in the

reporting of Down syndrome conceptions [12, 13]. However, a corresponding increase in
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terminations of Down syndrome pregnancies has resulted in a relatively stable prevalence
of Down syndrome live births [14]. Rates of terminations are however influenced by
countries’ differing legislation regarding termination of pregnancy and their societies

socio-cultural beliefs [3].

Developed countries have seen dramatic improvements in infant survival and overall life
expectancy for people with Down syndrome. In Australia over the past 40 years, the
average life expectancy of people with Down syndrome has increased from 18 to 60
years of age [14]. Of particular significance is the improvement in infant survival
whereby 91% of infants are expected to survive to one year, and 85% to ten years [15].
These rates are comparable to other developed countries [16, 17]. Internationally, there
are ethnic disparities associated with infant survival with American research reporting
black maternal race having a seven -fold increase in the risk of infant mortality, but only
among infants without cardiac defects [16]. Within Australia, survival of Aboriginal
childrén with Down syndrome is also significantly reduced compared to non-Aboriginal
children [15].

Several factors have contributed to improvements in the survival rates for children with
Down syndrome. The most important of these has been surgical advances in the
management of congenital heart disease [17]. In addition, improved accessibility to
antibiotics and vaccinations have contributed to a decline in morbidity and improved life
expectancy of people with Down syndrome [14]. Changes in community and health
professionals’ attitudes have also influenced health care accessibility and survival [14],
whereby people with Down syndrome are now afforded a higher degree of equality in the
health care system [18]. However, ethical debates still persist in relation to implementing

policies of equality when accounting for limited resources [18].

Children with Down syndrome experience an array of medical conditions and health care
problems which have been widely documented. Although there have been vast
improvements in the medical management of these conditions leading to increased rates

of infant and child survival [13], these comorbidities still impact on quality of life for
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families and children with Down syndrome. However, despite the magnitude of this
problem limited literature has described the overall health status of children with Down
syndrome. Therefore the objective of this narrative literature review is to describe the
Vmedical conditions commonly experienced by children with Down syndrome and to

consider the clinical implications of this knowledge.

Methods

Databases Medline, CINHAL and PsychINFO were electronically searched to identify
relevant articles. The data bases were searched from 1990 to 2009 so as to only include
the most recent literature in this review. The databases were also restricted to include
only peer reviewed published articles, English articles and those which included children
younger than 18 years. The main search terms were: Down syndrome, medical
conditions, cardiac, gastrointestinal, respiratory, ophthalmic, ear, hearing, thyroid,
diabetes, musculoskeletal, cancer and leukaemia. These terms were truncated and
exploded to include all relevant disorders and terminology under these headings. Search
terms were also adjusted to match the specific database being searched. Articles were
included if they focused on children aged 18 years or younger with a diagnosis of Down

syndrome, and one or more medical co-morbidities.

The intention of this review was to provide an overview of the most current and relevant
literature and therefore focused on more recent literature discerning important results.
Articles were excluded at the title or abstract level if they did not meet the inclusion
criteria. Conference proceedings were not searched. Formal quality appraisal was not
performed however within epidemiological studies this is not commonly undertaken [19].
Furthermore, no meta-analysis was performed in this literature review due to significant
differences between cohorts (population, school or hospital based cohorts) and the

different methods of collecting prevalence estimates.
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Results

A re\view of the literature supports the conclusion that children born with Down
syndréme commonly experience a variety of additional birth defects and other health
related problems. Medical conditions commonly associated with Down syndrome
include; cardiac and gastrointestinal disorders, musculoskeletal problems, respiratory
problems, eye and visual defects, ear and hearing defects, and frequent episodic illnesses
and infections. In addition, research has also highlighted the increased risk that children

with Down syndrome have of developing leukaemia and thyroid conditions.

Congenital heart defects

Cardiac defects are reported to be the most common occurring birth defect associated
with Down syndrome, with prevalence estimates ranging between 40-50% [16, 20]. The
most frequently occurring congenital heart defects include atrioventricular septal defect
(AVSD), atrial septal defect (ASD), ventricular septal defect (VSD), tetralogy of Fallot
[21], and patent ductus arteriosus (PDA) [22]. Congenital cardiac defects have been a
major cause of mortality for children with Down syndrome [2, 17]. Even with advances
in corrective surgery for cardiac malformations, which have resulted in significant
improvements in survival and quality of life among children with Down syndrome,

cardiac disease still remains a major predictor of mortality [15].

Gastrointestinal disorders

Children with Down syndrome experience a higher prevalence of gastrointestinal
disorders than their peers [23, 24] with congenital gastrointestinal defects occurring in
approximately 6.7% of infants with Down syndrome [25]. Commonly experienced
gastrointestinal disorders include duodenal atresia, congenital malformations of the colon
and rectum, Hirschsprung disease [23], gastro-oesophageal reflux [26] and coeliac
disease [27, 28]. In addition, constipation, although not a serious condition, is relatively
common among these children and often involves prolonged management, placipg

increased demands on family and carers [29].
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Although there was considerable literature pertaining to prevalence and screening for
coeliac disease, [30-33], research on serious congenital gastrointestinal defects is less
comprehensive. This could be attributed to increases in corrective surgery undertaken in
infancy resulting in fewer cases of gastrointestinal disorders present in childhood.
Hirschsprung’s disease however is an exception with a higher representation within the
literature. The long term outcomes of Hirschsprung’s disease have been researched and
indicate that incontinence or soiling is frequent among children with Down syndrome and
Hirschsprung’s disease [34], although studies have also demonstrated no statistical
significance between outcomes in children with or without Down syndrome and
Hirschsprung’s disease [35, 36]. Results in all studies should however be viewed with
caution due to the small sample sizes. Further population based research is needed
regarding congenital gastrointestinal disorders by children with Down syndrome and the
outcomes and ongoing implications of the disorders for the children, families, and the

health care system.

Respiratory problems

Respiratory conditions including pneumonia, bronchitis and obstructive sleep apnoea are
considered a major cause of morbidity for children with Down syndrome. Respiratory
infections are the leading cause for hospital admissions among children with Down
syndrome beyond the neonatal period, especially for those with congenital heart disease
[37] and are shown to be a major cause of death [3]. However, due to the varied means of
data attainment, discrepancies in the literature exist as to whether respiratory or cardiac

defects contribute most to mortality in children with Down syndrome.

Obstructive sleep apnoea, which involves complete or partial upper airway obstruction
during sleep, is reported to occur in approximately 60% of children with Down syndrome
[38, 39]. The higher prevalence of this condition can be attributed to common
physiological and anatomical characteristics observed in children with Down syndrome
including midface hypoplasia, large adenoids or tonsils, narrow nasoorophaynx and
eustachian tubes, systemic hypotonia [27] and inner ear dysplasia [40]. It is ’reported that

parents substantially underestimate the prevalence and severity of obstructive sleep
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apnoea assuming that irregular breathing during sleep is normal for children with Down
syndrome [38]. As obstructive sleep apnoea may be associated with lower 1Q
performance [41] and behaviour problems [42], parents need to be informed of the

prevalence of sleep apnoea and its associated implications.

Ophthalmic defects

Ophthalmological problems are over represented in the Down syndrome population and
if not corrected can result in substantial secondary disability [26]. Common
ophthalmological disorders include refractive errors, strabismus, nystagmus and
congenital cataracts [43, 44]. Hyperopia and rhyopia occur in approximately 43% of
children with Down syndrome [44] and contribute to their fivefold increased likelihood
of wearing glasses compared to their peers [29]. In addition, as children with Down |
syndrome frequently present with poor accommodation [45], bifocal spectacles should be
considered for those who under-accommodate [46]. Strabismus, occurring in
approximately 42% of children with Down syndrome, also contributes to vision
impairment [47], and is positively associated with learning difficulties [48]. As sensory
defects contribute substantially to disability, vigilant monitoring is required for children
with Down syndrome to optimise opportunities for learning and development, and to

increase quality of life.

Ear and hearing defects

Children with Down syndrome have a high incidence of hearing impairment [28, 49].
Hearing loss is reported to be prevalent in over 50% of children with Down syndrome
[26] and is defined as conductive, sensorineural or mixed [28]. While conductive hearing
loss arises frequently in children with Down syndrome due to episodes of otitis media or
middle ear dysfunction, sensorineural hearing impairments become increasingly
prevalent with age [50]. It is recommended that children with Down syndrome undergo
regular audiological screening for early identification of hearing impairments to minimise

or correct hearing loss and reduce secondary speech problems [51].

Anatomical malformations, systemic hypotonia and an increased susceptibility to

infections result in a high incidence of otitis media among children with Down syndrome
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[52] and can lead to glue ear and transient conductive hearing loss. Although grommet
insertion is disproportionately higher among children with Down syndrome compared to
the general population [53], a systematic review concluded that this procedure is only
minimally effective in reversing this loss [54]. Conversely, results-of a longitudinal study
have suggested that aggressive evaluation and treatment of chronic otitis media
significantly improves hearing levels in children with Down syndrome [55]. Clearly more

research is needed to guide clinical interventions in this area.

Musculoskeletal problems

Approximately 20% of children with Down syndrome experience musculoskeletal
disorders [56] due to a predisposition to hypotonia, lax ligaments and skeletal dysplasias
[26]. Commonly occurring musculoskeletal conditions include: patellar instability,
metatarsus primus, pes planus (flat foot), scoliosis and atlantoaxial instability [57]. Minor
podiatric anomalies including pes planus, foot pronation and metatarsus primus, are often
neglected due to a greater focus on the more severe pathologies associated with Down
syndrome [58] . There is therefore a need to ensure early identification of minor
musculoskeletal impairments is provided to prevent subsequent biomechanical and

postural problems.

Atlantoaxial instability, reported to occur in approximately 10% to 20% of people with
Down syndrome [59], has been considered to be particularly dangerous due to the
potential risk of compression and damage to the spinal cord. Atlantoaxial instability is
primarily attributed to laxity of the transverse ligament which results in instability of the
spine at C1-C2 [59], or as a result of hypoplasia or malformations of the odontoid [57].
Previously, fear of the potentially catastrophic consequences of atlantoaxial instability led
to recommendations for routine screening and the restriction of certain sporting activities
[26]. These recommendations have now been revised such that routine screening is
mainly indicated for children with Down syndrome who are symptomatic or who

participate in contact sports [60].
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Endocrine

Endocrine anomalies, especially thyroid dysfunction [61] and diabetes [62], are reported
to be more common among people with Down syndrome than the general population.
Estimates of thyroid dysfunction among people with Down syndrome have varied from
approximately 8.5% [61] to 38% [63]. These estimates vary in relatigh to population
characteristics (age, size, race), diagnostic criteria and variations in operational
definitions used in studies. Hypothyroidism can be congenital or acquired and has a
greater prevalence than hyperthyroidism with approximately 10% of school aged children
with Down syndrome having this condition [26]. As the prevalence of hypothyroidism
increases with age, and is similar in its presentation to Down syndrome itself, early
annual biochemical screening has been previously recommended to identify thyroid
disease [60]. In America, rates of medically treated thyroid disease in people with Down
syndrome increased by 73% after the release of the American Academy of Pediatrics
Health Supervision Guidelines [64]. Although these rates are based on a study with
limited generalisability due to its sample selection, the benefits of increased physician
awareness and subsequent rates of screening can be seen. However, there is disagreement
over the frequency of screening for thyroid ﬂdysfunction with some authors concluding

that annual screening in not justified within the first two decades of life [61].

Down syndrome is also associated with diabetes and is reported to have a prevalence rate
between 1.4 and 10.6% for ;I‘ype 1 [65]. The increased prevalence for Type 1 diabetes
may be genetically linked to the mutation of chromosome 21 which may be associated
with the early onset and high frequency of autoimmune diseases [66]. As diabetes is
relatively common among people with denl syndrome in comparison to the general
population, further research should examine the substantial secondary health concerns
experienced by children with diabetes, and the increased carer responsibility regarding

monitoring of dietary requirements and medication management.

Leukaemia
Although the overall risk of cancer for people with Down syndrome is equal to the

general population, the risk of developing leukaemia is significantly higher [67, 68].
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Children with Down syndrome have a nineteen fold increased risk of developing
leukaemia than their normally developing peers [69, 70], with the majority of cases being
diagnosed before the age of five [68]. This increased risk is apparent in data from the
Western Australian Cancer Registry with 53% of all cancers recorded in people with
Down syndrome resulting from childhood leukaemia [3]. Although survival outcomes
following treatment for leukaemia for children with Down syndrome are similar to the
general population, treatment is often poorly tolerated [28]. This may be associated with
the high levels of comorbidity experienced by children with Down syndrome which

complicate treatment and management regimes.

Interestingly, people with Down syndrome in all age groups have a decreased risk of
solid tumours [67, 68, 71]. Possible reasons for this decrease may be related to reduced
exposure to environmental carcinogens or directly related to the tumour —suppressor
genes found on chromosome 21 [72]. Tt has been hypothesised that as people with Down
syndrome have three copies of the tumour-suppressor genes due to their extra
chromosome 21, their cells are less likely to lose all three functional copies of the
tumour-suppressor genes [72] which may therefore provide greater protection against

tumours.

General infections/viruses

Structural abnormalities and an immature immune system result in children with Down
syndrome being predisposed to recurrent infections and episodic illnesses. Commonly
occurring conditions include upper-respiratory infections [28, 73] and otitis media [28,
55]. Poorer immune functioning, leading to greater susceptibility to infection, is further
aggravated by frequent attendance at health care appointments, and comorbidity of

cardiac and pulmonary diseases [73].

A recent US population-based study demonstrated that children with Down syndrome
had a higher prevalence of ear infections, recent colds/flu, stomach illnesses and
diarrhoea than did children without Down syndrome [24]. A major contributor to this

increased susceptibility to illnesses is the array of immune dysfunctions affecting people



Medical Conditions in Down Syndrome 16

with Down syndrome [74], including severely diminished expansion of T and B
Iymphocytes [70]. Although the majority of the episodic illnesses common in children
with Down syndrome are not life threatening, their prevalent and recurrent nature may
add significantly to health care utilisation, increase the financial and emotional impact on

carers, and contribute to an overall decreased quality of life.

Discussion

As outlined, Down syndrome is associated with many co-morbid conditions, health
problems and an increased risk of mortality compared to the general population.
Improvements in the medical management of co-morbidities and surgical advances have
reduced morbidity among children with Down syndrome, however congenital cardiac
defects, along with respiratory problems are still considered a major cause of mortality
[3]. Children with Down syndrome are predisposed to an array of health conditions and
impairments, transcending the sensory, endocrine, musculoskeletal and haematological
systems. While the estimated prevalences for these conditions vary between studies, this
is likely the result of diverse sample characteristics, data collection methods, coding
terminologies and study methodologies (population-based versus clinical or hospital
based). Overall, it is evident that high levels of co-morbidity significantly impact on the

quality of life for children with Down syndrome and their families.

Parents of children with Down syndrome may experience an emotional and financial
impact from the medical co-morbidities experienced by their child. Parents have reported
that their child’s increased needs had diminished their finances to the extent that
recreational activities and material items were often unaffordable [75]. Having a child
with Down syndrome has also been associated with limited parental time for other
children, reduced family socialisation [75] and poor maternal health [76]. Parents
therefore need a clear understanding of the medical co-morbidities associated with Down
syndrome to assist in making informed decisions regarding possible terminations of

pregnancy or in making future plans for their child and family.
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Despite the widespread acknowledgement of the co-morbidities experienced by children
with Down syndrome and their health effect, limited literature is available on medical
utilisation and health expenditures. A Western Australian study [29] presented an
overview of service utilisation for children with Down syndrome. However, as the role of
the Disability Services Commission, which coordinated medical services for people with
an intellectual disability, has since changed, these data may no longer reflect the actual
service use of children with Down syndrome in Western Australia. For children under
five with Down syndrome, medical costs were 12 to 13 times higher than in the general
population [77]. Also, children under five with an intellectual disability were more likely
to be admitted to hospital and for longer periods of time than their peers [78]. However,
limited research has examined health service utilisation for children over five with Down
syndrome or how the need for medical care changes with age. This knowledge would
result in a better understanding of the service needs for this population and assist in

provision and resource allocation of disability and medical services.

This literature review has implications for screening and subsequent management of co-
morbidities. Many of the co-morbidities experienced by children with Down syndrome, if
left untreated, contribute to substantial secondary disability, resulting in unnecessary
hardship and further disadvantage. Sensory defects are a primary example. As vision and
hearing contribute to learning, language development and socialisation [48, 79, 80], the
lack of regular screening and subsequent management of impairments not only affects the
sensory systems involved but a child’s chances of academic success and socialisation.
Furthermore, as some children with Down syndrome are reported to have a as few as one
reciprocal friend [81, 82], and experience limited peer interactions outside school [81],
the importance of minimising disability and limiting secondary disability is highlighted.
Guidelines for the screening of medical conditions associated with Down syndrome have
been published [27, 51, 60]. However, to what extent these are actually being
implemented within schools and the health care system remains unknown. Further
research is needed to provide an understanding of the current screening policies and
guidelines being implemented and their effectiveness in identifying all the health

conditions experienced by children with Down syndrome.
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Finally, this literature review has important implications for health care professionals and
education providers. A clear understanding of the co-morbidities experienced by children
with Down syndrome provides a base for health care providers to plan and deliver safe
and effective intervention programs suitable for each child’s physical capacities and
limitations. Knowledge of medical conditions is also valuable to health care professionals
who are in a position to provide prospective parents with current information to facilitate
informed decision making and future plans. In addition, as teachers play a valuable role
in children’s development, an understanding of the medical conditions and their
functional impact on children with Down syndrome may facilitate the implementation of
classroom strategies which minimise disability and foster academic achievement and

socialisation with peers.

This literature review has synthesised the most current and relevant literature relating to
the medical conditions experienced by children with Down syndrome, however its
limitations must be acknowledged. As this was not a systematic review the
methodological quality of the research was not formally evaluated. Instead, this narrative
literature review was undertaken to summarise findings and provide an overview of the
common medical conditions experienced by children with Down syndrome. Furthermore,
a meta-analysis was not performed due to the differences between cohorts (population,
school or hospital based cohorts) and the varied methods of collecting prevalence

estimates.

Conclusion

This review of the literature supports the conclusion that many children with Down
syndrome experience additional birth defects and health related problems which impact
on their quality of life. Medical conditions commonly associated with Down syndrome
include; cardiac and gastrointestinal disorders, musculoskeletal disorders, respiratory
problems, eye and visual defects, ear and hearing impairments, and frequent episodic
illnesses and infections. In addition, children with Down syndrome have an increased risk
of developing leukaemia and thyroid conditions. Although considerable research has

documented these conditions, there is limited research examining the impact of levels of
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co-morbidity on everyday functioning. Understanding the impact of high levels of co-
morbidity would lead to the development of more effective interventions for teachers and
health care professionals, and also assist in the provision and resource allocation of

disability services.



Medical Conditions in Down Syndrome 20

References

1. Bower C, Leonard H, Petterson B. Intellectual disability in Western
Australia. Journal of Paediatrics and Child Health. 2000:36(3);213-5.

2. Weijerman ME, van Furth AM, Vonk Noordegraaf A, van Wouwe JP,
Broers CJ, Gemke RJ. Prevalence, neonatal characteristics, and first-year
mortality of Down syndrome: a national study. The Journal of Pediatrics.
2008:152(1);15-9.

3. Bittles AH, Bower C, Hussain R, Glasson EJ. The four ages of Down
syndrome. European Journal of Public Health. 2006:17(2);221-5.

4. Bower C, Callaghan A, Cosgrove P, Quick J. Report of the Birth Defects
Registry of Western Australia, 1980-2006. Perth, Western Australia: King
Edward Memorial Hospital Women and Newborn Health Service; 2007.
Report No.;14.

5. Melve KK, Lie RT, Skjaerven R, Van Der Hagen CB, Gradek GA, Jonsru C,
Braathen B, Irgens,L. Registration of Down syndrome in the Medical Birth
Registry of Norway: validity and time trends. Acta Obstetricia Et
‘Gynecologica Scandinavica. 2008:87(8);824-30,

6. Besser LM, Shin M, Kucik JE, Correa A. Prevalence of Down syndrome
among children and adolescents in metropolitan Atlanta. Birth Defects
Research Part A, Clinical and Molecular Teratology. 2007:79(11);765-74.

7. Sherman S, Allen E, Bean L, Freeman S. Epidemiology of Down syndrome.
Mental Retardation and Developmental Disabilities Research Reviews. 2007:
13(3);221- 227.

8. Australian Bureau Statistics. Australian Social Trends: Trends in women's
employment. Canberra: Australian Bureau Statistics; 2006. Report no.: 4102.0.
9. Australian Bureau Statistics. Australian Social Trends: Trends in

household work. Canberra: Australian Bureau Statistics; 2009. Report no.: 4102.0.

10.  Australian Bureau Statistics. Australian Social Trends: Qualification
profile of Australians. Canberra: Australian Bureau Statistics; 2007. Report
no.:4102.0. -

11.  O'Leary P, Breheny N, Reid G, Charles T, Emery J. Regional variations in
prenatal screening across Australia: stepping towards a national policy
framework. The Australian and New Zealand Journal of Obstetrics and
Gynaecology. 2006:46(5);427-32.

12.  Collins VR, Muggli EE, Riley M, Palma S, Halliday JL. Is Down syndrome a
disappearing birth defect? The Journal of Pediatrics. 2008:152(1);20.

_13. Leonard H. Some socio-demographic trends and technological trends in the
developed world and their impact on Down's syndrome. Italian Journal of
Pediatrics. 2005:31;213- 6.

14.  Bittles AH, Glasson EJ. Clinical, social and ethical implications of changing
life expectancy in Down syndrome. Developmental Medicine and Child
Neurology. 2004:46;282-6.



15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

Medical Conditions in Down Syndrome 21

Leonard S, Bower C, Petterson B, Leonard H. Survival of infants born with
Down's syndrome: 1980-96. Paediatric Perinatal Epidemiology.
2000:14(2);163-71.

Rasmussen SA, Wong LY, Correa A, Gambrell D, Friedman JM. Survival in
infants with Down syndrome, Metropolitan Atlanta, 1979-1998. The Journal
of Pediatrics. 2006:148(6);806-12,

Viola G, Rosano A. Time trend of survival among infants with Down's
syndrome. ftalian Journal of Pediatrics. 2005:31;254-60.

Savulescu J. Resources, Down's syndrome, and cardiac surgery. British
Medical Journal. 2001:322,875-6.

Mallen C, Peat G, Croft P. Quality assessment of observational studies is

not commonplace in systematic reviews. Journal of Clinical Epidemiology.
2006:59;765-9.

Halliday J, Collins V, Riley M, Youssef D, Muggli E. Has prenatal screening
influenced the prevalence of comorbidities associated with Down syndrome
and subsequent survival rates? Pediatrics. 2009 Jan:123(1);256-61.

Freeman SB, Bean LH, Allen EG, Tinker SW, Locke AFE, Druschel C, Hobbs
CA, Romitti PA, Royle MH, Torfs CP, Dooley KJ, Sherman SL. Ethnicity, sex,
and the incidence of congenital heart defects: a report from the National
Down Syndrome Project. Genetics in Medicine. 2008:10(3);173-80.

Nisli K, Oner N, Candan S, Kayserili H, Tansel T, Tireli E, et al. Congenital
heart disease in children with Down's syndrome: Turkish experience of 13
years. Acta Cardiologica. 2008:63(5);585-9.

Cleves MA, Hobbs CA, Cleves PA, Tilford JM, Bird TM, Robbins JM.
Congenital defects among liveborn infants with Down syndrome. Birth
Defects Research (Part A): Clinical and Molecular Teratology. 2007:79(9);657-
63.

Schieve LA, Boulet SL, Boyle C, Rasmussen SA, Schendel D. Health of
children 3 to 17 years of age with Down syndrome in the 1997-2005 National
Health Interview Survey. Pediatrics. 2009 Feb:123(2);253-60.

Freeman SB, Torfs CP, Romitti PA, Royle MH, Druschel C, Hobbs CA,
Sherman SL. Congenital gastrointestinal defects in Down syndrome: a
report from the Atlanta and National Down Syndrome Projects. Clinical
Genetics. 2009:75;180-4,

Marder E, Dennis J. Medical management of children with Down's

syndrome. Current Paediatrics. 2001:11;57-63.

Van Cleve S, Cannon S, Cohen W. Part II: Clinical practice guidelines for
adolescents and young adults with Down syndrome: 12 to 21 years.

Journal of Pediatricric Health Care. 2006:20(3);198-205.

Roizen N, Patterson D. Down's syndrome. The Lancet. 2003:361(9365);1281-
9.

Leonard S, Bower C, Petterson B, Leonard H. Medical aspects of school-aged
children with Down syndrome. Developmental Medicine and Child Neurology.
1999:41(10),683-8,



30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42,

Medical Conditions in Down Syndrome 22

Zachor DA, Mroczek-Musulman E, Brown P. Prevalence of celiac disease in
Down syndrome in the United States. Journal of Pediatric Gastroenterology
and Nutrition. 2000:31(3);275-9.

Mackey J, Treem WR, Worley G, Boney A, Hart P, Kishnani PS. Frequency
of celiac disease in individuals with Down syndrome in the United States.
Clinical Pediatrics. 2001:40(5);249-52.

Uibo O, Teesalu K, Metskula K, Reimand T, Saat R, Sillat T, Reimand K,
Talvik T, Uibo R. Screening for celiac disease in Down's syndrome patients
revealed cases of subtotal villous atrophy without typical for celiac disease
HLA-DQ and tissue transglutaminase antibodies. World Journal of
Gastroenterology. 2006:12(9);1430-4,

Book L, Hart A, Black J, Feolo M, Zone J, Neuhausen S. Prevalence and
clinical characteristics of celiac disease in Down syndrome in a U.S study.
American Journal of Medical Genetics. 2001:98;70-4.

Catto-Smith A, Trajanovska M, Taylor R. Long-term continence in patients
with Hirschsprung's disease and Down syndrome. Journal of
Gastroenterology and Hepatology. 2006:21;748-53.

Hackam DJ, Reblock K, Barksdale EM, Redlinger R, Lynch J, Gaines BA.
The influence of Down's syndrome on the management and outcome of
children with Hirschsprung's disease. Journal of Pediatric Surgery.
2003:38(6);946-9.

Morabito A, Lall A, Gull S, Mohee A, Bianchi A. The impact of Down's
syndrome on the immediate and long-term outcomes of children with
Hirschsprung's disease. Pediatric Surgery International. 2006:22(2);179-81.
van Trotsenburg AS, Heymans HS, Tijssen JG, de Vijlder JJ, Vulsma T.
Comorbidity, hospitalization, and medication use and their influence on
mental and motor development of young infants with Down syndrome.
Pediatrics. 2006:118(4);1633-9.

Shott S, Amin R, Chini B, Heubi C, Hotze S, Akers R. Obstructive sleep
apnoea: should all children with Down syndrome be tested? Archives of
Otolaryngology - Head & Neck Surgery. 2006:132;432-6.

Ng DK, Hui HN, Chan CH, Kwok KL, Chow PY, Cheung JM, Leung SY.
Obstructive sleep apnoea in children with Down syndrome. Singapore
Medical Journal. 2006:47(9);774-9.

Blaser S, Propst EJ, Martin D, Feigenbaum A, James AL, Shannon P,
Papsin BC. Inner ear dysplasia is common in children with Down syndrome
(trisomy 21). The Laryngoscope. 2006:116(12);2113-9,

Kaemingk KL, Pasvogel AE, Goodwin JL, Mulvaney SA, Martinez F,
Enright PL, Rosen GM, Morgan WJ, Fregosi RF, Quan SF. Learning in
children and sleep disordered breathing: findings of the Tucson Children's
Assessment of Sleep Apnea (tuCASA) prospective cohort study. Journal of
the International Neuropsychological Society 2003:9(7);1016-26.
Melendres MC, Lutz JM, Rubin ED, Marcus CL. Daytime sleepiness and
hyperactivity in children with suspected sleep-disordered breathing.
Pediatrics. 2004:114(3);768-75.



43.

44,

45,

46,

47,

48.

49.

50.

51.

152,

53.

54.

535,

56.

57.

Medical Conditions in Down Syndrome 23

Fimiani F, Iovine A, Carelli R, Pansini M, Sebastio G, Magli A. Incidence of
ocular pathologies in Italian children with Down syndrome. European
Journal of Ophthalmology. 2007:17(5);817-22.

Stephen E, Dickson J, Kindley AD, Scott CC, Charleton PM. Surveillance of
vision and ocular disorders in children with Down syndrome. Developmental
Medicine and Child Neurology. 2007:49(7);513-5.

Cregg M, Woodhouse JM, Pakeman VH, Saunders KJ, Gunter HL, Parker
M, Fraser W, Sastry P. Accommodation and refractive error in children with
Down syndrome: cross-sectional and longitudinal studies. Investigative
Opthalmology and Visual Science 2001:42(1);55-63.

Stewart RE, Margaret Woodhouse J, Trojanowska LD. In focus: the use of
bifocal spectacles with children with Down's syndrome. Ophthalmic and
Physiological Optics. 2005:25(6);514-22.

Haugen OH, Hovding G. Strabismus and binocular function in children
with Down syndrome. A population-based, longitudinal study. Acta
Ophthalmologica Scandinavica. 2001:79(2);133-9.

Merrick J, Koslowe K. Refractive errors and visual anomalies in Down
syndrome. Downs Syndrome Research and Practice. 2001:6(3);131-3.
Maatta T, Kaski M, Taanila A, Keinanen-Kiukaanniemi S, livanainen M.
Sensory impairments and health concerns related to the degree of
intellectual disability in people with Down syndrome. Down Syndrome
Research and Practice. 2006:11(2);78-83.

Driscoll C, Kei J, Bates D, McPherson B, Tympanometry and TEOAE
testing of children with Down syndrome in special schools. The Australian
and New Zealand Journal of Audiology. 2003:25(2);85-93.

Van Cleve S, Cohen W, Part 1: Clinical practice guidelines for children
with Down syndrome from birth to 12 years. Journal of Pediatric Health
Care. 2006:20;47-54.

Mitchell RB, Call E, Kelly J, Ear, nose and throat disorders in children with
Down syndrome. The Laryngoscope. 2003:113(2);259-63.

Silva D, Palandri G, Bower C, Gill L, Codde J, Gee V, Stanley F. Child and
adolescent health in Western Australia. Perth: Health Department of
Western Australia and TVW Telethon Institute for Child Health Research,
Western Australia; 1998.

Lous J, Burton M, Felding J, Ovesen T, Rovers M, Williamson I. Grommets
(ventilation tubes) for hearing loss associated with otitis media with
effusion in children. Cochrone Database of Systematic Reviews.
2005(1);Article CD001801,

Shott SR, Joseph A, Heithaus D. Hearing loss in children with Down
syndrome. International Journal of Pediatric Otorhinolaryngology.
2001:61(3);199-205.

Mik G, Gholve P, Scher D, Widmann R, Green D. Down syndrome:
orthopedic issues. Current Opinion in Pediatrics. 2008:20;30-6.

Platt LS. Medical and orthopaedic conditions in special Olympics athletes.
Journal of Athletic Training. 2001:36(1);74-80.



