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SUMMARY

Down syndrome is the most common cause of developmental disability in Ireland with a birth
prevalence of 1 in 546 live births. Children with Down syndrome have a high incidence of
associated treatable medical disorders. Studies have shown that early intervention carries a
better medical outcome. A prerequisite for maximising medical care for those with Down
syndrome is that information regarding the incidence and characteristics of their disorders
together with agreed medical management guidelines are available to health professionals and
policy makers.

In the absence of consensus protocols for the screening and management of children and
adolescents with Down syndrome in Ireland, a study was undertaken on 394 children and
adolescents with Down syndrome, aged 3 months to 18.9 years in the Eastern Regional Health
Authority. The purpose was to: provide medical and developmental data on Irish children and
adolescents with Down syndrome; outline existing screening and management practices; and
provide an evidence base to develop best practice guidelines for assessment and management.
It included medical assessment of growth and development, cardiovascular, thyroid status,
vision, hearing, orthopaedic and cervical spine instability, speech and language. In addition,
assessment of parental concerns and quality of life issues were explored by questionnaire.

A cross sectional study following national and international consultation was designed. Ethical
approval for the study was granted by the Joint Ethics Committee of the Federated Dublin
Voluntary Hospitals. The European Register of Congenital Anomalies & Twins (EUROCAT),
which has monitored the birth prevalence of Down syndrome in Europe since 1980 acted as a
source in identifying the number of children and adolescents with Down syndrome born
between January 1981 and December 1997 in the Eastern Regional Health Authority. Down
Syndrome Ireland, Medical Directors and Managers of the many Special Developmental
Services, Paediatricians, and Area Medical Officers in the 10 community areas, following
consultation, agreed to support this study and population identification was performed through
these agencies.

Results showed that those with Down syndrome have an increased prevalence of medical
problems and associated conditions. It was found that children with Down syndrome are
shorter than the general population and have a smaller growth spurt at puberty. Their weight
for height, and therefore body mass index (BMI), tends to be greater than that of the general
population and increases with age. Considerable overweight and obesity was found in later
childhood and adolescence. Obesity is associated with significant adverse health outcomes,
is not inevitable in this group and requires early intervention with diet and child and family
education. The average age of menarche in girls with Down syndrome was 12.6 years (range
9-15 years), which is one year earlier than the general Irish population.

Cardiac disease was diagnosed in 45% children with 29% having an atrioventricular septal
defect. This study identified 4.1% children with hypothyroidism and 0.5% children with
hyperthyroidism. Twenty-one percent of children were screened for thyroid dysfunction during
the year of the study (mean age 6.9 years). However, a worrying finding was that 50% (age
range | to 17 years) had not been screened since the newborn period. Undetected thyroid
disease is associated with significant preventable secondary disability. Biochemical screening
is necessary, however venepuncture may be traumatic in those with Down syndrome often
causing long-term distress for children and their families. This study confirmed the feasibility
of screening for hypothyroidism by the much less traumatic finger prick sampling of 305
children for Thyroid Stimulating Hormone (TSH) measurement using the national newborn
screening card. Provision of this service for annual screening in Down syndrome patients
would be most valuable in Ireland in order to promote early identification and treatment of
thyroid dysfunction.



Vision disorders were reported in 50% of this cohort. The most common conditions included
refractive errors, strabismus (squint), cataract and nystagmus. The mean age of first vision
screening was at 2 years of age as reported by parents. These conditions, if undiagnosed with
early intervention, may result in significant impairment of vision, reduced learning and poor
quality of life.

Lifelong audiological surveillance is essential for people with Down syndrome because of the
associated high incidence of hearing impairment, which increases with age. This study found
over 80% of children had hearing abnormalities. These included abnormal outer ear findings
on otoscopy (64%), middle ear abnormalities by tympanometry (58%) and inner ear
abnormalities by Distortion Product Oto Acoustic Emissions (DPOAE) (11%). Even mild
hearing impairment when associated with any intellectual disability can severely compromise
speech development and learning. This may result in social isolation, behavioural difficulties
and reduced opportunity in the working world leading to depression and reduced quality of life.
Hearing assessment in children with intellectual impairment is difficult and time consuming.
This study showed that hearing screening by otoscopy, tympanometry and DPOAE is rapid and
non traumatic in children with intellectual disability, and in addition DPOAE compares well
with the gold standard Pure Tone Audiometry, as a screening tool, but requires further studies
to identify specificity and sensitivity. These objective tests are easy to perform, require no
patient feedback and can be undertaken from infancy. A high proportion 94.5% of children had
speech impairment.

The study showed that 71% of children had orthopaedic problems, the most common being pes
planus (flat feet) in 63%, hip joint instability in 3%, knee and ankle joint problems in 3.5%,
Perthes disease in 0.3% and atlanto axial joint instability was detected in 1% of children.

In addition a number of other medical problems were identified including gastro-intestinal
disorders such as constipation, diarrhoea, coeliac disease and Hirschsprung disease. There was
also an increased incidence of Type I Diabetes and epilepsy, which require identification and
ongoing medical management.

Rearing a child with Down syndrome is not easy and a major challenge is to maximise Quality
of Life (QOL). Assessment of QOL is important in determining whether additional
multidisciplinary support is necessary. We found that QOL for parents caring for a child with
Down syndrome was greatly disrupted due to the extra parental and medical care required, and
particularly so when the child had more than one medical problem. Similarly, the majority of
parents reported burden in disruption to their family routines. Very poor quality of life was
reported when hearing and vision problems were associated. Early medical intervention,
mainstream education, parent information, long term health needs, community acceptance and
better integration were parent perceived areas in most need of urgent improvement.

This study shows a high incidence of associated medical disorders in this population and
medical management guidelines for children and adolescents with Down syndrome in
Ireland were developed with the support of the Down Syndrome Medical Interest Group
UK. Many health care professionals with expertise in the management of children and
adolescents with Down syndrome in Ireland have contributed to the Irish guidelines. These
guidelines for Irish children have been approved by the Irish College of General
Practitioners, The Faculty of Paediatrics of the Royal College of Physicians of Ireland and
the Faculty of Public Health Medicine of the Royal College of Physicians of Ireland.
Implementation of the guidelines and outcome audit is important and desirable.
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CHAPTER 1 INTRODUCTION

Down syndrome is a chromosome disorder and one of the most common causes of
developmental disability (Gath 1994, Marder and Dennis 2001). In Ireland Down
syndrome accounts for a quarter of all persons aged over 14 years with moderate,
severe and profound mental handicap (Mulcahy 1983). Children and adolescents
with Down syndrome have a high incidence of associated treatable medical
disorders for which early intervention is vital and is associated with a better

outcome for the child and family.

In the absence of agreed protocols for the screening and management of children
and adolescents with Down syndrome in Ireland this study of 394 children and
adolescents (217 boys and 177 girls) in the Eastern Regional Health Authority

(ERHA) was undertaken in order to assess their medical needs

1.1 Background

The first large-scale institution was built in London in 1860 for severely
handicapped people. Dr John Langdon Down was the chief physician and in 1866
he was the first person to accurately describe the syndrome, which today bears his
name. He named the syndrome “mongolism” because of the Mongoloid appearance
of their eyes. In addition several ancient paintings and carvings depicting children
with the typical facial characteristics of Down syndrome dating back to the 16" and

17" centuries have been identified, indicating that this condition has been



recognised since at least the middle ages (Selikowitz 1997a). It was not until 1959
that Professor Jerome Lejeune in Paris identified the extra chromosome as being the
cause of Down syndrome and with this breakthrough came the possibility of
diagnosing a whole range of genetic disorders. This disorder is now well
understood at the chromosomal level, however, the factors responsible for

generating chromosome abnormalities are largely unknown.

Ireland has one of the highest birth rates (1/546 live births) of children with Down
syndrome in the developed world, the majority of whom are reared at home with the
family giving an opportunity to study many of them in these natural conditions
(home environment). Comparable birth incidences (1 in 700 live births) have been
found in most populations and these figures compare with approximately 1 in 800
to 1 in 1,000 live births in developed countries Norway 9.8-11.3/10,000; South
Africa 7.62/10,000; Australia 10.5-13.8/10,000 and New Zealand 8.8-9.6/10,000
(Baird & Sadovnick 1989, International Centre for Birth Defects Roma Annual
Report 2001). Although some year-to-year fluctuation in birth rates of Down
syndrome had been noted, the birth prevalence of this condition has been fairly
stable over the last two decades. It is well documented that the incidence of Down
syndrome increases with the increasing age of the mother (Selikowitz 1997b,

Johnson 1996).

Apart from Malta, Ireland is the only European country in which ante-natal
screening for Down syndrome and induced terminations are not carried out

(Johnson 1996). A survey from 1981-1991 by EUROCAT (European Register of



Congenital Anomalies and Twins) in the counties Dublin, Kildare, Wicklow and
Galway, which included more than one-third of the population of the state, showed
a crude prevalence rate of live Down syndrome babies born of 18.3 per 10,000 live
births (1 in 546 live births) (Johnson 1996). Children born with Down syndrome

represented 79% of births with chromosomal abnormalities during that period

1.2 Life Expectancy

Life expectancy for persons with Down syndrome has increased from 9 years in
1929 (Penrose 1949) to 15 years by 1947 (Penrose 1949) and 18 years by 1961
(Collmann & Stoller 1963); to 60 in 1979 (Mulcahy 1979) and 68 years by 1989
(Baird 1989) A number of studies demonstrate that over three decades the
percentage survival to age 10 years rose from 36.8% in 1958 to 64.5% in 1970, to
86% in 1981 and to 90% in 1997 (Carter 1958, Fabia 1970, Masaki 1981, Hayes
1997). The dramatic improvement over the past 50 years is due primarily to
increased survival in the first year of life. However, the life expectancy of a person
with Down syndrome at any given age is still lower than the life expectancy for the

background population (Dupont 1986)

The biggest factor influencing survival is the presence or absence of congenital
heart disease (Hayes 1993). Since deaths from infections have declined in children
with Down syndrome, deaths from heart disease have dominated, accounting for
65% of deaths in one study and 47.3% in another study (Hayes 1997, McGrother
and Marshall 1990, Masaki 1981). Nevertheless the development of surgical

techniques, and of greater willingness to use them where people with Down



syndrome are concerned, have resulted in an improvement in survival rates for
those with congenital heart disease (McGrother and Marshall 1990). Although the
sex ratio in Down syndrome is in favour of males no sex difference in longevity has
been found (Baird 1988, Fryers 1984). The availability of accurate information on

incidence and clinical outcome

is an important requirement for clinical management and health care services
provision. Unfortunately, there is no national register of Down syndrome births in

Ireland.

1.3 Chromosomal Karyotype in Down’s Syndrome

1.3.1 Trisomy 21

Down syndrome is just one example of a birth-related disorder caused by a
chromosome abnormality. Chromosomes are present in all cells of the body that
carry the messages or genes, which guide the development of a foetus.
Chromosomes are normally grouped together in 23 pairs i.e. 46 in total and these
comprise of 22 pairs of autosomes and 1 pair of sex chromosomes. The diagnosis is
made by taking a blood sample following which by special processes including
leukocyte culture, arresting cells at metaphase, a karyotype is determined (Pappas
1994). A baby with Down syndrome usually has an additional chromosome 21,

resulting in 47 chromosomes in every cell. This pattern is known as Trisomy 21



(47XX, 21+ or 47XY, 21+) and accounts for the majority (90-95%) of children with
Down syndrome. Although Down syndrome is considered a chromosomal disorder,
it is usually not inherited. In the majority 90-95% of children with Down syndrome
the extra chromosome 21 is separate and unattached. The additional chromosome is
the result of an error in cell division of the egg or the sperm. The chance of

recurrence in further children is 1% in mothers under 35 years.

1.3.2 Translocation Trisomy 21

Approximately 3%-5% of cases will present with the extra chromosome 21 attached
to another chromosome, which is called translocation trisomy 21. In this instance
the additional chromosome is attached to another chromosome, most often
chromosome numbers 13, 14, 15, 21 or 22 and the total chromosome count is 46.
The most frequent seen is the 14, 21 translocation (Robertsonian). In this form the
carrier has one chromosome 14, one chromosome 21 and one fused chromosome
14/21 giving a total of 46 chromosomes e.g. 46,XY, -14, +t (14q21q). In 50% of
babies with translocation Down syndrome one parent is found to be a carrier. In
this situation the chance of a recurrent birth with Down syndrome is 1 in 8 if the
mother is the carrier and 1 in 40 if the father is the carrier. Further studies of the
family should be undertaken because if one parent is a carrier, other members may

also be carriers (Selikowitz 1997).



1.3.3 Mosaic trisomy 21

The remaining 1%- 2% of cases have a mosaic pattern. This occurs when some
cells of an individual have the normal 46 chromosomes and whilst some have 47,
due to an additional chromosome 21 e.g. 46,XY, /47,XY, +21. The chromosomal
pattern of an individual with Down syndrome is not a predictor of mental
functioning or physical characteristics, however, children with mosaic trisomy 21
may range from apparently normal individuals to those with typical Down
syndrome. It is very difficult to predict the likelihood of recurrence since it will
ultimately depend on the level of mosaicism. Chromosome testing may be offered

in further pregnancies.

1.4 Clinical Features

Diagnosis of Down syndrome is usually made at birth on the basis of physical
examination and is confirmed by chromosome analysis in order to detail the
karyotype. Approximately 120 clinical features have been described in Down
syndrome however many children may have no more than six or seven recognisable
features at birth. The child with Down syndrome usually has a round face in frontal
view and a flat profile from the side (brachycephaly) associated with a slightly
flattened back of head. The neck is short and thick with excess skin at the back of

the neck in 80% of children.



The child’s eyes usually slant upwards and outwards appearing widely set across a
short nose with a low bridge. Sometimes there is an extra fold of skin at the inner
corner of the eye. This “epicanthic fold” tends to disappear in the teen years.
Brushfield’s spots (whitish spots scattered around the periphery of the iris) are
found more frequently in Down syndrome than in the general population. Clouding
of the lens of the eye (cataract) and/or glaucoma (raised pressure within the eye)
may occur in infancy (Traboulsi 1988). The ears lobes are usually small and may
have some malformation. The ear canals may be narrow and in some cases so
narrow that visualization of the eardrum is impossible. Small specks of wax
(cerumen) may block the canal and the air conduction pathways of hearing. The
tongue appears large and may protrude because the lower jaw and palate may be
relatively small. One study found that the palatal length and width were more than
2 standard deviations below the normal mean in 95.5% people with Down

syndrome (Shapiro 1975).

Muscle tone is generally low (hypotonia) in up to 80% of children with Down
syndrome. Therefore the baby may feel floppy which makes them difficult to
handle but this feature often disappears with time. The head and neck may be
particularly wobbly and need support at first. Joint laxity may also occur. The
hands are often broad and stubby. Frequently the little finger is curved inwardly
and there is often a single palmar crease. The feet are generally small and there
may be a wide gap and deep crease between the first and second toes. Some toes

may be “webbed” with skin.



There is an increased risk of malformations of the gastrointestinal tract (12%).
They include tracheo-oesophageal fistula, pyloric stenosis, duodenal atresia,
imperforate anus and Hirschsprung’s disease (where some of the nerve cells
(mesenteric plexus) that are normally present in the wall of the intestine do not form
properly during fetal development). These may be associated with obstruction of
the oesophagus, duodenum or further along the tract in the small or large bowel.
Almost all these malformations can be corrected surgically. The genital organs are

usually smaller than in other babies.

1.5 Medical Problems

1.5.1 Growth

Short stature is a recognised characteristic of those with Down syndrome. This is
also associated with a reduced pubertal growth spurt the aetiology of which is not
fully understood (Cronk 1988, McCoy 1992). Research has shown that in some
children associated conditions, such as hypothyroidism, sleep related upper airway
obstruction, coeliac disease or cardiac disease may contribute to this short stature
and must be excluded promptly in order to optimise the already compromised
growth potential (Karlsson 1998, Sharav 1988, Stebbens 1991, George 1996,
Jansson 1995). Those with DS have an increased incidence of overweight and obesity
(Chumlea 1981, Prasher 1995a). Weight gain in DS may reflect undetected thyroid
disease. The onset of puberty requires anticipation with parental and child education

and support. The timing of puberty varies in this population (Benda 1960, Tanner



1973, Takano 1999), requiring anticipation, parental and child education including

support.

Specific growth charts for assessment of height and weight for children with Down
syndrome reared at home were developed by Cronk and Palmer in America and
Cremers in The Netherlands (Cronk 1988, Palmer 1992, Cremers 1996). These

centile charts do not include the first 3 months of life.

1.5.2 Cardiac

Cardiac abnormalities are strongly associated with Down syndrome and these vary
from a slight murmur to a severe abnormality previous studies have found had 40-
50% of infants have congenital heart disease (Tubman 1991, Eurocat Report 6
1995). Cardiac anomalies include atrioventricular canal defect, atrial septal defect
and ventricular septal defect, patent ductus arteriosus and Fallot's tetralogy. The
most common defect is complete atrioventricular septal defects (AVSD) which
occurs in 30 to 40% of those with congenital heart disease (Amark 1999). The
majority of congenital heart lesions in Down syndrome can now be successfully
treated either medically or surgically. The cardiac condition may not be obvious at
birth but develop later. Early detection is essential as delay in treatment can result
in irreversible pulmonary vascular disease (Yamaki 1993). Cardiac disease should
be actively excluded in all infants with DS at or before their 6-week check (Frontera-
[zquierdo 1990, Cullen 1990, Taylor 1990, Wren 1999, Committee Report 1995).

Mitral valve prolapse may present in early adulthood (Goldhaber 1987). Down



syndrome is associated with an increased incidence of periodontal disease and as
with all children with cardiac anomalies there may be a risk of infective
endocarditis and prophylactic antibiotics may be required (Committee Report

1995).

1.5.3 Thyroid

It is well recognised that thyroid dysfunction occurs more frequently in Down
syndrome than in the general population and that the prevalence increases with age
(Fort 1984, Loudon 1985, Sare 1978, Pueschel 1985, Selikowitz 1993, Karlsson
1998, Fisher 1979, Alm 1984, Baxter 1975, Pueschel 1991, Rooney 1997, Prasher
1995b, Mani 1988). Cross sectional studies of thyroid function in children with
Down syndrome have shown an increased prevalence in both congenital
hypothyroidism and acquired thyroid dysfunction.(Fort 1984, Prasher 1995, Zori
1990). In the latter group Hashimoto's thyroiditis is the most common disorder and
consists of both compensated {raised plasma Thyroid Stimulating Hormone (TSH)
together with a normal plasma thyroxine (free T4)}, and uncompensated (raised
plasma TSH with a reduced free T4) hypothyroidism (Loudon 1985, Pueschel
1985, Zori 1990, Stewart 1994). When Type I diabetes is associated with Down
syndrome there is a higher risk of developing hypothyroidism (Daniels 1968,
Griffin 1997). The prevalence of hyperthyroidism is also increased in Down
syndrome when compared to the general population (Sare 1978, Takahashi 1979,

Vanderpump 1995).
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The wide-ranging effects of thyroid hormone are demonstrated by the consequences
of thyroid hormone deficiency and excess. The thyroid hormones affect the body's
basal metabolic rate; growth; intermediary metabolism; neurological development,
cardiovascular, skeletal, gastrointestinal and reproductive system activities.
Undiagnosed and untreated thyroid disorders constitute a significant cause of
preventable secondary handicap including the risk of permanent brain damage, poor
height attainment and excessive weight gain. In most patients, major effects can be
prevented or reversed by treatment with thyroxine. It is therefore vitally important
that screening be carried out at appropriate intervals in order to diagnose and
commence treatment as early as possible and thus prevent unnecessary secondary
handicap (Glorieux 1983). The clinical features of children and adolescents with
Down syndrome which include short stature, reduced activity and alertness,
tendency to overweight, intellectual disability, hoarse voice and susceptibility can
subtly mask the signs of hypothyroidism and may be attributed to the Down
syndrome itself (Rooney 1997, Quinn 1980). Diagnosis on clinical grounds is
therefore unreliable and biochemical screening is essential (Prasher 1995, Mani

1988, Lobo 1980).

Venepuncture in children and adolescents with Down syndrome can sometimes be
traumatic and difficult to perform and may cause long-term emotional distress.
Preliminary evaluation suggests that TSH assessment using the newborn screening
(Guthrie) card can be performed in non-hospital settings and may prove to be a
practical and feasible alternative to venepuncture (Noble 2000). Although capillary

heel prick screening is carried out in Ireland in neonates, TSH screening by

i



fingerprick has not been undertaken. It is a simple, quick and non frightening way
to take a blood sample and could be more acceptable in this population than venous

sampling.

1.5.4 Hearing

Impaired hearing is one of the most prevalent disabilities in children and
adolescents with Down syndrome and it is challenging to identify and manage
(Cunningham 1981, Dahle 1986, Davies 1998, Evenhuis 1996, Roizen 1997).
Previous studies show that 60% to 85% of children with Down syndrome have mild
to moderate conductive hearing loss. There is an increased prevalence of
conductive, sensorineural and mixed hearing loss in adolescents and adults, which
is progressive in nature (Evenhuis 1992 Whiteman 1986). Children with Down
syndrome are much less able than those of normal intelligence to use various

strategies to compensate for hearing loss (Cunningham 1981).

The auditory neural pathway continues to develop by external stimulations after
birth and the most sensitive time for this final development is in the first year of life
(Maroudias 1994). Children with hearing loss of more than 25dB who receive
intervention before 6 months of age develop near-normal language skills, whereas
those whose treatment is begun after 6 months of age have significantly language-
delayed (Yoshinaga-Itano 1998). Early language deficit can lead to poor speech,
learning difficulties and associated behavioural and emotional problems (Wetherby

1989, Sigman 1999, Yoshinaga-Itano 2003).
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Children with DS are particularly predisposed to accumulation of wax (due to narrow
ear canals) and persistent otitis media with effusion (Schwartz 1978). Early detection
and removal of wax is important to maximise hearing (Hall 1996). Where any
degree of hearing abnormality is detected reasonably early access to specialist

hearing support services is vital (National Deaf Children’s Society 1994).

Hearing screening has traditionally been assessed by the distraction test (9—12
month developmental visit). This screening is “variable in efficiency and
effectiveness, depending upon the personnel and training of the practitioners
involved, the conditions under which testing is conducted and the ability of the
child to respond at an appropriately early age™ (Pitt T, 1999). It is time consuming,
and may be difficult in children with Down’s syndrome (McCormick 1997). A
developmental maturity level of around seven months is optimum for assessment as
prior to this age, sitting balance, head control, and sound localization ability are
imperfect. Beyond ten months of age, the development of object permanence and
increasing sociability make the test more difficult. Results may be unreliable if the
child cannot co-operate and respond at an appropriately early age because of
associated intellectual disability and this can lead to long delays in diagnosis (Hall

1996).

Pure Tone Audiometry (PTA) is the audiological assessment that has always been
viewed as the “gold standard” for documenting hearing loss (Gorga 1995). The

magnitude of hearing ability and hearing loss is quantified by the pure-tone
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audiogram, ranging from normal hearing to mild / severe hearing loss (Lee 1999).
Behavioural assessments require voluntary response from the child and depend on
the child’s ability to provide appropriate voluntary responses, however many
children may be incapable of providing these responses, either to age or

developmental level (Gorga 1995).

Auditory Brain Stem (ABR) screening is an electric response from various levels
along the auditory pathway. Four standard electrodes are placed on the scalp (top
of the head and behind the ear) and minute electrical changes occurring in response
to an auditory signal are recorded (Mason 1988). In children with Down syndrome
this test is usually carried out under anaesthetic, however, they have unique ABR
findings, in particular short central conduction times regardless of hearing status,
which may make identification of hearing loss particularly difficult (Widen 1987,

Diaz 1995, Seidl 1997)).

Following the National Institute of Health (NIH) report in 1993 recommending
universal newborn hearing screening many studies of hearing screening methods
have been undertaken (NIH Consensus Statement 1993). David Kemp, the English
biophysicist discovered otoacoustic emissions (OAE’s) in 1978 (Kemp 1990).
These are sounds that originate inside the cochlea and are generated only when the
organ of Corti, which is located in the inner ear, is normal. OAE’s are sounds that
come from the ear naturally and they can also occur as a result of an external

stimulus. The absence of an OAE response to stimulation indicates a hearing loss
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of 30dB or more. It will not define the exact auditory threshold but indicates the
need for further diagnostic assessment (Kemp 1990, Probst 1991).

Two types of responses can be assessed namely Transient Evoked Otoacoustic
Emissions (TEOAE) and Distortion Product Oto Acoustic Emissions (DPOAE).
TEOAE responses are generated when an external click or tone burst is introduced
to the ear. DPOAE responses are produced when the ear is stimulated by two
primary tones presented simultaneously. Screening the function of the inner ear by
TEOAE allows assessment across the frequencies 1-4 KHz only whilst DPOAE
tests the wider range of 1-8 KHz. This is important in those with Down syndrome,
because of their increased incidence of high frequency sensorineural hearing loss
between 4 and 8 KHz, which would be missed by the TEOAE (Lopponen 1992,

Marcell 1992).

Screening by OAE’s is now used for identifying hearing function in neonates in the
United States, Canada, parts of Europe and Australia and appears promising for use
in people with intellectual disability (NIH Consensus Statement 1993, Gorga 1996,

European Consensus on Neonatal Hearing Screening 1998).

The DPOAE test is an objective, reliable, non-invasive method of hearing screening
of inner ear function which requires no patient feedback and could thus be very
beneficial in children with Down syndrome in early childhood and adolescence
(Haggard 1990, Evenhuis 1996). Early identification and intervention with
appropriate programmes of remediation are essential to minimize the period of

language deprivation and give a better prognosis for language development, social
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interactions and successful participation in society (Pappas 1994, Yoshinaga-Itano
1998, Wetherby 1989, American Academy of Audiology 1988, Bess 1993,

McCormick 1997).

1.5.5 Orthopaedics

Relaxed ligaments which hold the joints in place, reduced muscle tone and
abnormal skeletal development may lead to a number of orthopaedic problems in
children with Down syndrome (Daimond 1981, Jacobson 2000). The areas of

particular concern include the neck, elbows, knees, hips, spinal column and feet.

The hip and knee joints are the most common areas requiring treatment (Reis 1994,
Shaw 1992, Mendez 1988). Those with Down syndrome may show abnormal
movement at the knee joint and in approximately 20% the patella dislocates (slips
out of position) due to increased laxity of the ligaments (Goldberg 1987). Hip
disorders such as abnormal development and subluxation/dislocation occur in up to
10% of those with Down syndrome (Shaw 1992, Lawhorn 1990). Scoliosis
develops in approximately 50% (Jacobsen 2000, Diamond 1981). It occurs more
frequently in institutionalised patients than in those living at home in the
community due to less physical activity (Lawhorn 1990). Pes planus (flat feet) due
to ligament laxity and poor muscle tone is common and clubfoot may also occur

(Lawhorn 1990).
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The orthopaedic area that causes most concern in those with Down syndrome is the
possibility of cervical spine instability at the atlantoaxial joint. This joint is used
when the head rotates, flexes or extends. An inappropriately relaxed transverse
ligament of the first cervical vertebrae (the atlas) or poor development of both the first
and second cervical vertebrae (the atlas and the axis), may predispose to
dislocation/subluxation of the atlantoaxial joint. This instability may occur with neck
movement when the atlas slides forward over the axis i.e. subluxation of the
atlantoaxial joint. Studies have reported that 1 to 2 % of children with atlantoaxial
dislocation/subluxation present with symptoms whilst 10 to 15% have no symptoms

(Jacobsen 2000, Davidson 1988, Pueschel 1984,).

The spinal cord carrying all the nerves from the brain to the entire body passes very
close to the atlantoaxial joint. There is a small risk of neurological problems caused
by cervical spine instability in those with Down syndrome (Davidson 1988, Pueschel
1987a,). This concern has led to restrictions in various contact sporting activities
and insistence on x-ray screening prior to admittance to special Olympic sports.
There is currently no screening procedure, which can predict those at risk. Cervical
spine x-rays of the atlantoaxial joint have no predictive value for subsequent acute
dislocation and or subluxation of the joint (Selby 1991, Cremers 1993, American
Academy of Paediatrics Committee on Genetics 1994, Department of Health 1995,

Morton 1995).
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1.5.6 Vision

There is a high incidence of eye disorders among people with Down’s syndrome
(Roizen 1994). Refractive errors of nearsightedness and far sightedness may
present at an early age (Woodhouse 1993, Berk 1996, Hestnes 1991, Caputo 1989).
Clouding of the lens (cataract), crossing (strabismus) and glaucoma (raised pressure
within the eye) may occur alone or in combination in infancy (Caputo 1989,
Traboulsi 1988). Keratoconus (a non inflammatory protrusion of the central part of
the cornea) may occur at any age but is more common in adolescents and young
adults (Caputo 1989, Cullen 1963, Shapiro 1999). As the child increases in age
high myopia (near sightedness) may occur (Catalano 1990). There is also an
increased incidence of naso-lacrimal duct obstruction (Hayes 1993). Early
detection of these conditions is important, to allow early intervention as untreated

eye problems may result in significant impairment.

1.5.7 Speech and Language

Communication skills are important and contribute to inclusion and integration.
Communication includes not only speech, but also facial expressions, smiles,
gestures, and alternative systems such as sign language and computer-based
systems. The most sophisticated of human cognitive skills is development of
language. Those with Down syndrome display many problems in language
development and in particular, the development of speech (Launonen 1996, Bray
1988, Pueschel 1987b). While there is considerable individual variation in
language development in children with Down syndrome the reasons for these

problems is not yet known and cannot be explained by intellectual impairment
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alone (Dykens 1994). However, this may be caused by abnormalities of early
communication and auditory processing or impaired hearing. Recent studies of
early language development have indicated the importance of the role of pre-speech
communication with the development of spoken language (Launonen 1997, Mundy
1995). Early intervention services are needed to meet the developmental needs of
an infant or toddler with a disability in any one or more of the following areas:
physical, cognitive, communication, social or emotional and adaptive development.
Communication skills are vital for education, integration, work acquisition,

reduction in depression and quality of life.

1.6 Quality of Life

Caring for a child with special needs presents demands that may be difficult in
different ways for parents and siblings and may adversely affect the family quality
of life. In recent years literature has emerged on factors relating to stress and
family functioning. Previous studies have often focused on identifying poor
outcome for families (Byrne et al 1988). Other studies have emphasized the
importance of resources and coping factors which may moderate or mediate the

effects of stress (Donovan 1988, Friedrich et al 1985).

Within the field of special needs much focus has been placed on the characteristics
of the person with special needs as the major stressors. However, the characteristics
which are most likely to put families at risk are ill defined. The relationships

between interrelated risk factors, such as care and supervisory demands, unexpected

19



physical care demands, marital status and the need for additional social support, all
of which relate to stress, are likely to be interconnected (Barnett 1995, Sloper
1991). Adjusting to life with a child with a learning disability is often a long
process marked by times of crisis, when extra professional intervention may be
necessary (Maxwell 1993). Quality of life (QOL), together with early intervention
of medical problems, is an important consideration for the best possible family
centred management of children and adolescents with Down syndrome. QOL
measures are also desirable for identifying areas of stress in order to allocate

resources appropriately.
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Aims of the Study

This study was conducted in order to assess the medical needs of children and

adolescents with Down syndrome. The areas studied include growth and pubertal

development, cardiovascular assessment, thyroid function and assessment of vision,

hearing, orthopaedic and cervical spine instability and speech and language status

In addition, assessment of parental concerns and quality of life issues were explored

by questionnaire.

The main aims of the study were to:

1. Provide medical and developmental data on Irish children and adolescents with
Down syndrome.

2. Outline existing screening and management and provide an evidence base to
develop best practice guidelines for assessment and management.

In addition the feasibility of:-

e screening for hypothyroidism by fingerprick sampling using the national
newborn screening card was undertaken, and

e screening hearing impairment by otoscopy, tympanometry, distortions product
oto acoustic emissions (DPOAE).

e Comparing reliability of DPOAE Screening with Pure tone audiometry (PTA)
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CHAPTER TWO

METHODS



CHAPTER 2 METHODS

The plan and proposal for screening children and adolescents with Down syndrome
(DS) in the Eastern Health Board Area (now the Eastern Regional Health Authority
ERHA) was formulated following in-depth discussions and collaboration with many
healthcare professionals both in Ireland and internationally together with extensive
literature reviews. Ethical approval was obtained from the Joint Ethics Committee of

the Federated Dublin Voluntary Hospitals.

2.1 Study Area Figure No 2.1 Study Area

The study area included counties Dublin, Wicklow and
Kildare, with a representative population of 1.3 million
including a childhood population of 412,062 (31.7%;
less than 19 years of age) 1996 Census. The three

counties are divided into 10 Community Care Areas

(Tables 2.1 — page 280).

2.2 Population Sampling

All children and adolescents with Down syndrome born between January 1981 and
December 1997 in the Eastern Regional Health Authority were identified, using the
database compiled by the European Register of Congenital Anomalies & Twins
(EUROCAT), which has monitored the birth prevalence of Down syndrome in Ireland
and across Europe since 1980. EUROCAT maximise case identification by exploring
all possible avenues of patient presentation to the maternity hospitals in the catchment

area studied. However, the accuracy of any incidence rates generated from this data
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would depend on the degree of completeness of case identification. While it is
believed that this methodology should capture the vast majority of new cases of
chromosomal anomalies and twins in the population in this time period, the potential
remains that incident cases could be missed. Derval Igoe (1996) undertook a study to
determine the completeness of ascertainment and estimation of the true number of
incident cases in the population studied by EUROCAT using the capture-recapture
method. EUROCAT had a very favourable outcome was a 93% capture-recapture

result.

EUROCAT criteria for case identification stipulated that the mothers be resident in
the counties monitored. In the period studied 679 children were born with Down
syndrome within the area studied and registered with EUROCAT. Of these 21 were
stillborn and a further 91 died. In the absence of a live register the names of these
children were not available to us from EUROCAT due to ethical reasons. The names
of 40% of children were obtained from the Down Syndrome Association of Ireland
register. Meetings with the Medical Directors and Managers of the Special
Developmental Services and the Area Medical Officers from the 10 Community
Areas, within the Eastern Regional Health Authority, were undertaken in order to
identify the names of the remaining sixty percent of children with Down syndrome.
They very willingly assisted us in identifying and contacting parent(s)/guardian(s) of
children with Down syndrome attending their services. Seven parent(s)/guardian(s)
contacted us themselves on hearing of the study by word of mouth. Thirteen
additional children were included in the study at the request of the services (3 children
born in 1997; 3 born in 1980; and 7 born 1998). Five hundred and seventy one (571)

families were contacted by letter through their services and 415 parents responded to
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our letters. Three hundred and ninety-four (394) parents agreed for their child to

participate in the study.

2.3 Logistics of study

An extensive questionnaire was developed in consultation with healthcare specialists
with expertise in the medical management of children and adolescents with Down
syndrome both in Ireland and abroad. This was devised to elicit key clinical and
demographic data. Letters to parent(s)/guardian(s) explaining the purpose of the

study together with consent forms were constructed. (Appendix 1 — 3)

Auxology training was obtained in the Department of Paediatric Diabetes Growth and
Endocrine at the National Children’s Hospital by myself (JM) Research Nurse
Specialist. Hearing screening training using tympanometry and distortion product oto
acoustic emissions (DPOAEs) were undertaken at the Department of Audiology by
myself (JM), at the National Children’s Hospital. Consultation with the National
Newborn Screening Centre in the Children’s University Hospital, Temple Street was
undertaken to establish the criteria for blood sampling, delivery, analysis and
reporting. The questionnaire was pre-tested in a pilot study in December 1997 and

January 1998. Final changes to the questionnaire were completed in early 1998.

Information posters relating to the study were designed and displayed in the Special
Services Centres and were also included in the Down Syndrome Ireland monthly
magazine. All identified children with Down syndrome were invited to participate in
the study through their parent(s)/guardian(s). Letters were sent directly to

parent(s)/guardian(s) from the special services inviting them to participate. Those
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who did not respond to the invitation were crosschecked with their Special Services
Centres to confirm that they were alive and resident in the community. Reminders
were sent out with stamped addressed envelopes and in addition, fresh posters, giving
information about the study and how to make contact with us, were placed in each of
the services in a prominent place. Following this the number of parents responding

increased to 415.

Families who consented were contacted directly by phone or letter. Individual
appointments were arranged to suit parent(s)/guardian(s) and child at a choice of
venues including nine Special Services Centres, one special school and the National
Children’s Hospital. Home visits were made where required. Parent(s)/guardian(s)
were requested to complete a questionnaire and to bring it with them at the time of

their appointment.

Each child was seen with parent(s)/guardian(s), usually at the centre they were
attending, in order to have each candidate in their most comfortable and familiar
setting. Interviews and medical examinations commenced in April 1998 at nine
venues and continued throughout the school timetables through to June 1999. Patient
information was collected on the data sheets, which included clinical assessment,
growth measurements, hearing screening, capillary blood finger prick sample results
and parental concerns. Clinical findings requiring follow up were referred back to the
General Practitioner or Paediatrician caring for the child/adolescent for further
management. Each Special Services Centre promoted and accommodated this

project.
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2.5

Clinical assessment schedule

. The Questionnaire data collection sheet was completed by interview with

parent(s)/guardian(s) by myself (JM).

The Lecturer in Paediatrics, Dr Magued Philip (MP), performed all clinical
examinations, with particular reference to general health, puberty, cardiac status,
clinical signs of thyroid dysfunction and visual abnormalities.

The Senior Clinical Audiologist (Ms Aoife Walsh) performed the outer ear
examinations by otoscopic review and Pure Tone Audiometry in comparative
groups.

Growth measurements, hearing screening and capillary blood samples by simple

finger prick were performed by myself (JM).

Data Collection Instruments

The questionnaire included sections on:-

Demographic and socio-economic characteristics of family and child

Delivery of diagnosis

Early intervention

Uptake of childhood immunisations

Clinical history relating to medical problems including diagnosis, treatment and
parental concerns were recorded in the following areas; growth, cardiac, thyroid,
hearing, vision, orthopaedic, cervical spine instability and speech and language
problems.

Primary school education uptake and satisfaction

Secondary school education uptake and satisfaction

Special education uptake and satisfaction
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Parent(s)/guardian(s) satisfaction with services provided

Quality of life of parent(s)/guardian(s) rearing a child with special needs

2.5.1 Growth measurements

Height was assessed using the portable Leicester height measurer and recording to
the last completed millimetre. Children over 2 years of age were measured
standing up straight in bare feet, head in the Frankfurt plane with a gentle upward
pressure applied under the mastoid processes by the measurer. Children under 2
years of age were measured in the supine position using the portable Holtain
Infantometer.

Weight was assessed using a Seca electronic self-calibrating scales, which was
checked regularly. Children were weighed to the last completed 0.1kgs in bare
feet and wearing light clothing only.

Head circumference was measured using a steel Holtain Harpenden
anthropometric tape of 0.6cm width.

Pubertal development was recorded by the Lecturer in Paediatrics (MP) using the
methodology described by Tanner (1973)

Age of menarche was ascertained by questionnaire.

All growth measurements followed the methodology as recommended by
Cameron and were performed by the Research Nurse Specialist (JM) (Cameron

1978)

2.5.2 Cardiac anomalies

A cardiovascular examination was performed on each patient by MP. Cardiac

anomalies and screening tests, age at diagnosis and treatment were recorded by
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parent(s)/guardian(s) on the questionnaire and verified with the assistance of the
EUROCAT register and also by reviewing the children’s medical records where

possible with parental/guardian consent.

2.5.3 Thyroid Dysfunction

Capillary whole blood thyroid stimulating hormone (TSH) samples were obtained by finger
prick using a Softclix II autolet and filling one circle on the newborn screening (Guthrie)
card. The cards were sent to the National Newborn Screening Laboratory at the Children’s
University Hospital where thyroid stimulating hormone (TSH) was measured using a
monoclonal antibody fluoro immuno assay. All results were returned by post to the

National Children’s Hospital for recording and dissemination.

The criterion for diagnosing hypothyroidism was a blood TSH >10 mU/l. Children
with results above this range had a venous sample taken for plasma TSH and free T4,
which were measured using Elecsys 2010 system. Microsomal and thyroglobulin
antibodies were measured by murex haemaglutination assay. Towards the end of the
study the laboratory changed their analysis of thyroid autoantibodies to thyroid
peroxidase (TPO) antibodies using an enzyme linked immuno sorbent assay (ELISA)
with Varelisa kit (Pharmacia Upjohn). Children requiring further investigation were

referred back to their General Practitioner or Paediatrician.

2.5.4 Vision
Clinical history of vision impairment, previous screening and parental concerns were
recorded in the questionnaire by parent(s)/guardian(s) and each patient had a clinical

examination performed consisting of inspection of strabismus, nystagmus, cataracts,
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Keratoconus, light reflex and eye movement using an ophthalmoscope by the Lecturer

in Paediatrics (MP).

2.5.5 Hearing Impairment
Two studies of hearing screening were assessment was undertaken under the

following two aspects.

First study of hearing screening — was performed on 394 children participating in
the study using three screening techniques (otoscopy, tympanometry and distortion

product oto acoustic emissions (DPOAE)) as detailed below.

Second study of hearing screening:- assessed 20 children with Down syndrome and
an age matched control group of 20 without Down syndrome, using four screening
techniques (otoscopy, tympanometry, DPOAE and Pure Tone Audiometry) as

detailed below.

First study of hearing screening - Hearing screening was performed at nine
development and medical educational centres, one special school, the National
Children's Hospital and home visits were also undertaken. In addition each
parent/guardian completed a section in the questionnaire that included information

about the child’s clinical history of hearing assessment, impairment and treatment.

Hearing screening was performed by the following techniques: -
e External ear and eardrum were screened by otoscopy by the Lecturer in

Paediatrics, Dr Magued Philip (MP). Abnormalities of the external ear which
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could contribute to loss of auditory acuity, including middle ear effusion,
tympanic perforation and cerumen (wax) impaction were recorded

e Middle ear function was screened by tympanometry using the Grason-Stadler, Inc.
GSI 38 Auto Tympanometer and a probe pitch with a tone of 226 Hz. The results
were graded according to guidelines of Jerger et al 1970 (Jerger 1970) Results

were graded as illustrated in Table 2.2 (page 282)

Distortion Product Oto Acoustic Emissions (DPOAE) screening was performed to
assess inner ear function and identify any possible abnormalities i.e. nerve or possible
mixed (conductive and nerve) hearing loss. DPOAE screening was carried out using
the GSI 60 unit attached to a laptop computer. The mode of stimulation used was two
primary tones L1 and L2 set at specific dB sound pressure level (SPL). These give
rise to a prominent responding distortion produce at F2/F1 (ratio of 1.22) frequency.
Background noise (noise floor amplitude) is defined as the amplitude (sound level) of
background noise that occurs at or near the test frequency at time of recording. Two
DPOAE tests were performed:- 1) L1 = 65 dB SPL; L2 = 55 dB SPL; 2) L1=65 dB
SPL; L2=50 dB (SPL) (Table 2.3).(page 282) These levels of screening had been
recommended in previous studies which showed that moderate level primary
stimulating tones elicited responses that separated normal from impaired hearing
better than either lower level or higher-level stimulating tones (Stover 1996,

Lonsbury-Martin 1990, Gorga 1996).

Two harmonic sounds were introduced into the ear in order to assess inner ear
function over the frequencies from 1-8 kHz. The outer hair cells in the inner ear

(cochlear) responded to the stimulation through the microphone in the ear probe. The
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results were automatically plotted against frequencies (kHz 1-8) on an x y graph
(called DP Gram) on the attached computer giving values for the response value
(amplitude) together with the noise floor level (natural body sound) surrounding the
response during the measurement. GSI 60 criterion for Pass/Refer was used i.e. two
DPOAE product emissions needed to score > 3 dB above noise floor amplitude level
at two points across all 3 octaves to Pass (GSI User Manual 1997, Lonsbury-Martin

1997) (Table 2.4) ( page 283)

The DPOAE test was performed by inserting a small probe with an appropriately sized
soft rubber tip into the ear canal, followed by a gentle twist in order to create a firm
seal, which is crucial to the success of screening by DPOAE. This was achieved by
gently but firmly lifting the pinna upwards and backwards. It was essential that the
child sit or lie quietly during screening but no subjective response was required from
the child. All results were crosschecked by the Senior Clinical Audiologist (AW) for
accuracy by checking the tympanogram and DPOAE printed results with the reported

findings before input on the computer for statistical analysis.

Statistical analysis: Children were divided into yearly groups for age and gender.
Results include the number of patients participating in the study and the number of
patients tested by each screening tool during the study. The relationship between
otoscopy, tympanometry and OAE is ear-specific rather than patient-specific.
Percentages are expressed as per cent of total ears actually tested rather than percent
of total available ears. Mean ear canal volumes were calculated for each age group.

DPOAE amplitudes level results and noise floor amplitude levels were input onto the
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computer and their mean amplitude levels were calculated across frequencies 1000 to

8000 kHz.

Second study of hearing screeming In order to compare reliability of hearing
screening by DPOAE with Pure Tone Audiometry a group of 20 children with Down
syndrome. Two children from each yearly age group from the full study (394
children) were randomly selected to make up a sample of 20 children. This was
undertaken using the random selection facility on the SPSS computer software
package. The age matched control group included 20 children without Down
syndrome with no previous history of hearing problems. These were recruited from

children of staff and neighbours.

Hearing screening was performed at nine venues, at the National Children's Hospital
and home visits were also undertaken. The following techniques were used:
otoscopy, tympanometry as outlined above.  Distortion Product Otoacoustic
Emissions (DPOAEs) using the GSI 60 unit attached to a laptop computer using

stimulating tones 65/55 dB for this aspect of the study.

Pure Tone Audiometry to assess hearing threshold levels using Clinical Audiometer
Model GSI 61 and screening was carried out by Senior Clinical Audiologist, Ms

Aoife Walsh (AW).

Pure Tone Audiometry (PTA) is the procedure most commonly used for the

measurement of hearing impairment. Pure tones (sounds with a single frequency of

vibration) are presented via headphones (air conduction) or via a bone vibrator (bone
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conduction) and the child’s sensitivity at discrete frequencies is measured. Screening
by PTA may take as long as 30 minutes to perform and children with DS may be able

to cooperate at approximately 8 years of age.

The results were recorded on a data sheet and categorised in the following order;
normal hearing, mild hearing loss, mild/moderate hearing loss, moderate hearing loss,
moderate/severe hearing loss, severe hearing loss as described by Lee (1999) ‘Hearing

Thresholds’ and illustrated in Table 2.5 (page 283).

The hearing procedures were explained to parent(s) / guardian(s) and child. The test
was demonstrated and it was explained that a musical sound would be heard, which
would not hurt and that their ears would work very hard to ‘draw a picture on the two
computers’. It was also explained that they must sit or lie very quietly, not talk or
move their head. Each child was usually rewarded with a carton of juice for sitting

still and allowing their ‘ears draw pictures’.

2.5.6 Orthopaedic Problems
Clinical history of orthopaedic problems and parental concerns were recorded and
each patient had a physical examination performed by the Lecturer in Paediatrics

(MP).

2.5.7 Speech and Language
History of speech problems, previous screening and parental concerns were recorded

by parent(s)/guardian(s). Each patient was observed clinically for speech and
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language problems and a history was taken from the parent by the Lecturer in

Paediatrics (MP).

2.5.8 Quality of Life

Parent(s)/guardian(s) perceptions of family perceived difficulty or burden on parents

and/ or siblings in caring for a child with Down syndrome at home were assessed

using an adapted questionnaire previously developed for those with diabetes (Hoey

2001) (Appendix 1, section 17). It comprised 7 questions to evaluate family burden

(difficulty) relating to caring for a child with Down syndrome. The areas included:-

e Parent(s)/guardian(s) perception of child’s general health and quality of life.

e Disruption to parent(s)/guardian(s), family routines.

e Physical problems requiring extra parental care.

e Concerns relating to a child’s long-term health were also explored in relation to
gender, age of child and health problems. In addition parents were asked for their
views on how they were informed of the diagnosis of DS. They were also
questioned on employment and family structure.

Questions were scored from 1 to 4; a lower score indicated less burden or better QOL

Cardiac Anomalies

Cardiac anomalies were coded into categories as designed by Pueschel 1980 for ease

of statistical analysis as illustrated.
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Cardiac Categories as per Pueschel 1980

1) No cardiac anomaly.

2) Single cardiac defects, such as atrial or ventricular septal defect without
pulmonary vascular involvement. These children generally did not require cardiac
medications nor cardiac surgery and had a normal growth rate.

3) More complex cardiac problems, such as endocardial cushion defects. These
children often required diuretics. Their growth was generally sub optimal.

4) Very serious anatomical heart lesions, such as complex endocardial cushion
defects, Fallot’s tetralogy, etc. These children were often in cardiac failure, and

most had pulmonary complications and generally reduced growth.

2.6  Data Analysis

a) Editing the data

The information was collected by questionnaire, clinical examination and screening
procedures and the data were then coded by me personally. During this process any
incorrectly completed questionnaires were detected and parents contacted to obtain
the correct information. The coded data were then entered onto the computer using
the Microsoft Excel programme and transferred to the statistical software package

(SPSS version 12.01).

b) Computation
Data analysis was carried out using a personal computer DELL Pentium and the

Statistical Programme for Social Science SPSS version 12.0.1
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2.7  Statistical Analysis
Statistical analysis was carried out with the assistance of Dr. Myra O’Regan, Senior

Statistician, Department of Statistics, University of Dublin, Trinity College.

i) Age and sex
Decimal ages were used throughout. The children were divided into half yearly and
yearly age groups, for example, 4.0 years included 3.75- 4.24 years and so on. All

measurements were plotted graphically by age and sex groups.

ii) Distribution
Means and standard deviations (SD), standard error of the mean, scatter plots,

maximum and minimum values were determined.

The standard deviation (SD) of a series of observations was calculated as follows:

x> - (Zx)*
SD = n
n-1
with x representing the values of the observations and n the number.

The standard error of the mean (SEM) was calculated by the formula:

SEM =_SD
Vn

Where n = number of observations.
95% confidence limits were determined by the formula:
x +(1.96 x SE)

where x-bar was the mean.
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Means and standard deviations (SD) were calculated for height and head
circumference and median values for weight. These were determined for age and sex
and comparisons with present Irish national standards were undertaken as follows: -
height and weight (Hoey 1987); body mass index (Cole 1996); head circumference
(birth to 5 years) (Nelhaus 1968) and head circumference (5-18 years) (Hoey 1990).
In addition growth comparisons were undertaken with Down syndrome specific
growth standards as follows:- American height and weight (Cronk 1988), American
head circumference (Palmer 1992) and Dutch height and weight (Cremers 1996).

Standard scores (z scores) were used to calculate the SDS difference in the mean
heights of the cohort of the general Irish population, by yearly age groups by gender,

using the following equation: -

where x; represents the mean values of the height of the Irish general population, x;
represents the mean value of the height of the children with Down syndrome and SD;
represents the standard deviation of the Irish general population at each age group.

These were calculated for yearly age groups.

iii) Estimates of the Probability

a) Completeness of Ascertainment of population

The determination of completeness of ascertainment and estimation of the true

number of incident cases in the population was made using the capture-recapture

method. The estimate of the total number of incident cases of children with Down
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Syndrome in the area studied was made using the following formula (LaPorte et al,

1993)

N = (M+1) (nt1) -1
(m+1)

Where N is the total number of incident cases of Down Syndrome, M is the number of
cases identified in the primary source (the capture), n is the size of the secondary
source (the recapture) and m is the number of cases included in both sources.

The variance of N is estimated by:

Var (N) = (M+1) (n+1) (M-m) (n-m)
(m+1)* (m+2)

The 95% confidence interval for the estimate of the total number of cases is:

95% C.I. = + 1.96\Var (N)
The degree of completeness of case ascertainment for each source is identified using
the following equations (WHO Multinational Project for Childhood DIABETES<

DIABETES Mondial — Diamond, 1991)

Primary Source, percentage ascertainment =M-+N* 100

Secondary Source, percentage ascertainment =n+ N*100

Total estimated ascertainment =[M +(n-m)] * 100
N

b) Menarche

The mean age of menarche and the standard deviation were determined by probit
analysis (Finney 1952). The percentage of girls who were post-menarchal was plotted
for successive chronological age groups and a probit curve was fitted, from which
median age, standard error and confidence limits were compiled to give an s-shaped
curve.

The probit procedure provides the maximum likelihood estimates of the intercept,

38



slope, and natural (threshold) response rate for biological assay data. The probit

equation was used:
0 -1(y) +5 =(A+tBx)

Where O is the cumulative distribution function of the standard normal distribution
X is the age of menarche

Y is the probability of a response
The Chi square (x°) test was used for goodness of fit of data to the underlying model

of the probit curve

x> =% (0 —E)’
E
Where O = observed value

E = estimated value

Statistical significance was accepted with a p value of <0.05.

Descriptive summary statistics were generated and levels of association between
variables were explored using Chi-Square test of probability. Results include the
number of patients participating in the study and the number of patients tested by each

hearing screening tool used during the study.

Hearing screening analysis was performed on ear-specific and patient-specific

findings. Percentages are expressed as per cent of total ears actually tested rather than

percent of total available ears.
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Confirmation of internal consistency of completing the Quality of Life section of the
questionnaire was assessed using Cronbach’s a coefficient as follows: -
o= N*r
1+(N-1)*r
Where N is equal to the number of items and r-bar is the average inter-item

correlation among the items.

Log transformation (Armitage 1998) was used when the total scores of the QOL
questionnaire scale were calculated and the distribution was found to be positively
skewed. The formula used was: -100 log j9. This resulted in a more normal

distribution and allowed the use of parametric statistical analysis.

Kappa (Cohen’s 1996) measurement of agreement was used between the evaluations
of the two hearing screening tests Pure Tone Audiometry (PTA) and DPOAE results.
A value of 1 indicates perfect agreement. A value of 0 indicates that agreement is no
better than chance. The equation for kappa was: -

k= _Pr(a)—"Pr(e)
1 —Pr(e)

Where Pr (a) was the relative observed annotator agreement and Pr (e) was the

probability that agreement was due to chance.

The independent samples T-test procedure was used to test the significance of the

difference between the two sample mean amplitudes of the children with and without
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Down syndrome screened by DPOAE for inner ear function. The formula used was

as follows: -

1= (x1 —x2)/ VA*B
Where A = (n; + n) / nin

and B = [(n;-1)s;%+(n;-1) 8,°] / [y + 0z -2]

X-bar is the sample mean for each group and s is the sample standard deviation for

each group.

Patient confidentiality was maintained by ensuring that their names were not included
on the database and by giving each patient a unique identification number. The
computer was password-protected and remained in a locked room in the Department

of Paediatrics (Data Protection Act 1988).
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RESULTS



CHAPTER 3 RESULTS

3.1 CLINICAL QUESTIONNAIRE

3.1.1 Response Rate

Five hundred and seventy one (571) families were contacted by letter through their
services and 415 parents responded to our letters. Three hundred and ninety-four
(394) parents/guardians (69%) agreed for their child to participate in the study and
this included 13 additional children, born outside the set age frame, at the request of
the Medical Development Services (3 children born in 1997, 3 born in 1980 and 7

born in 1998).

Three hundred and fifty two (352) of the children seen were registered with
EUROCAT and 42 were not on the EUROCAT register (15 born outside the register
catchment area and 27 born in maternity hospitals<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>