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Down syndrome: An overview

@ CrpssMark

Optometrists as primary eye care providers examine patients from diverse populations,
including those with special needs such as Down syndrome. Down syndrome is a chromosomal
abnormality associated with several health conditions including vision anomalies such as
refractive, accommodative and vergence anomalies, as well as ocular pathology. In this article,
a narrative review of Down syndrome including the background, historical perspective,
aetiology and genetic mechanisms, types, epidemiology, as well as the physical and medical
profile of Down syndrome is presented.

Introduction

Optometrists as primary eye care providers examine patients from diverse populations including
those with special needs (PSNs). These patients include those with Down syndrome (DS),
traumatic brain injury, autistic spectrum disorder, cerebral palsy, fragile X syndrome, learning
disorders and psychological or psychiatric disorders.'?In general, normal vision is important for
the intellectual and overall development of an individual. Vision anomalies such as refractive,
binocular anomalies, as well as ocular diseases are prevalent in DS populations.®* Therefore, if not
identified and treated, vision impairment would constitute an additional burden to the persons
with DS. As a primary eye care profession, optometry plays an important role in diagnosing and
treating vision anomalies in PSNs. Even though the optometry curriculum covers topics on PSNs
including DS, information on these populations is limited in the optometric literature. Sand et al.!
noted that, generally, the exposure and training of optometrists towards PSNs are inadequate.
This concern is important as the average optometrist is likely to be consulted by PSNs in the
course of their clinical duties. It is therefore the responsibility of the optometrist to obtain essential
information and acquire the necessary skills to diagnose and treat vision anomalies in patients of
diverse needs.

The aim of this article is to present a narrative overview of DS. The information contained will
provide optometrists with basic information needed to communicate and relate with the
patient with DS. The review comprises an introduction and overview of DS, historical
perspective and terminologies, aetiology and genetic mechanism, types, epidemiology,
physical and medical profile of DS, as well as screening and diagnosis. The scope of this
article is firmly on providing the basic information and does not review oculo-visual anomalies
in DS. Various strategies were applied to search relevant information on DS. The electronic
databases searched included PubMed, Medline, Science Direct, Google Scholar, EBSCO and
Embase using the terms Down'’s syndrome, Down syndrome and trisomy 21. Relevant articles
published in English on reference lists were identified and retrieved from electronic and print
journals.

An overview of Down syndrome

DS is a genetic disorder, which is due to the presence of 47 chromosomes instead of 46, with an
extra copy of chromosome 21.>47 The extra copy of chromosome 21, which may either be full or
partial, depending on the variant, causes the abnormality and associated structural and functional
anomalies of the bodily systems.>® It is consistent in the literature that advanced maternal age
(AMA) is a primary risk factor in DS births.36789101112131415 A major cause of foetal death in
humans, about 50% of spontaneous foetal loss during pregnancy (before 15 weeks of gestation),
are related to DS.° DS is the most commonly diagnosed chromosomal abnormality in live-born
infants and the most recognised congenital aneuploidy (presence of an erroneous number of
chromosomes, e.g. 45 or 47) associated with delayed physical and mental development. DS is the
most frequent genetic cause of intellectual disability (ID),'*"> which is a main clinical feature of DS.
Thus, most persons with DS have some degree of ID that affects learning and cognition.'*"* Most
students with DS receive special education, while some can benefit from inclusive classroom
settings.!
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The effects of DS differ among individuals depending on the
extent of abnormality'’; therefore, mental abilities, physical
development, personality, capabilities and talents vary
considerably.’'? The nature of the abnormality and the
physical characteristics make the individuals with DS
resemble one another rather than their own family
members.?*** However, only less than 5% is hereditary.'***

DS has considerable health cost implications, given the
individual and socio-economic consequences.’ DS is found in
all races, nationalities, religions or socio-economic levels.’>*
The life expectancy and quality of life for affected people have
increased remarkably due to improved medical care, general
awareness, as well as increased social interactions.!®®® The
estimated life expectancy of persons with DS has increased
from just 12 years in the 1940s to an average of 55-60 years in
the present decade, particularly in developed countries.!

Historical review and terminologies
applied to Down syndrome

The historical developments of DS have been remarkable
over the years. An earlier description of DS was reported by
Jean Etienne Dominique Esquirol in 1838 and Edouard
Seguin in 1844 and 1846.31%7 However, it was John Langdon
Down, a British physician who gave a comprehensive
description of DS in his landmark presentation titled:
‘Observations on an Ethnic Classification of Idiots” in 1866.®
According to Down, ‘I have been able to find among the large
number of idiots and imbeciles which come under my
observation... very large number of congenital idiots are
typical Mongols’. Down continued:

The Mongolian type of idiocracy.... are always congenital idiots,
and never result from accidents after uterine life. They are, for
the most part, instances of degeneracy arising from tuberculosis
in the parents ... (p. 2)

Down observed that ‘the patients’ resembled one another as
if they were siblings; they possessed a broad, flat face, a thick
tongue and a small nose, narrow palpebral fissures, obliquely
placed eyes, roundish and laterally extended cheeks, long
tongue and the degrees of their intellectual impairment
varied. Down’s descriptions of the patients were based on
their physical and facial resemblance to people of the
Mongolian descent and he called them ‘Mongolian idiots’.
Subsequently, Down’s description generated a lot of
controversy as people of the Mongolian race found his
description derogatory.”’*!® Another remarkable milestone in
the history of DS is that, in 1909, Shuttlewort recognised
AMA as an aetiological factor in DS birth.'¢

The maternal age-aetiology link gave a new direction
towards genetic investigations. Thus, in 1932, a Dutch
ophthalmologist named Waardenburg and an American
geneticist named Davenport hypothesised that ‘Mongolism’
might be due to chromosomal abnormalities.’*'* The works
by Waardenburg and Davenport paved way to several
genetic studies, and with the invention of the karyotyping
technique (analysis of the structure of chromosomes within
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an individual cell) in the 1950s, it became possible to study
chromosomes and chromosomal abnormalities in detail.”® In
1956, Tjio and Levan (cited in Cullen and Buttler)®established
that human cells have only 46 chromosomes or 23 pairs,
comprising one pair of sex chromosomes (the X and Y
chromosomes) contrary to an earlier theory of 24 pairs of
chromosomes.” In 1959, a French geneticist Jerome Lejeune
and colleagues as well as Patricia Jacobs and colleagues'?'
who were working independently in England showed that
DS is caused by a trisomy (triplication) of chromosome 21.
Other types of DS, translocation and mosaicism (explained
later in the review) were described in subsequent years.

Terminologies applied to describe DS are diverse. Various
terms including Mongolism, Mongolian idiocy, Mongoloid,
Mongolian Idiots, Mongolian Imbecile, Langdon Down
anomaly, Down’s syndrome anomaly, congenital acromicria
or trisomy 21 anomaly have been used to describe DS.131617.2022
In 1961, renowned biomedical scientists (including John
Langdon Down) discouraged researchers from using the
word ‘Mongolism” and suggested the use of ‘Langdon Down
anomaly’, ‘Down’s syndrome/anomaly’, ‘trisomy 21
anomaly’ or ‘congenital acromicria’.’**** Furthermore, the
Mongolian delegates in 1965 submitted an objection to the
World Health Organization (WHO) suggesting that the use
of the term ‘Mongol” or ‘Mongolism’ be discontinued due to
its derogatory and racial connotations. Subsequently, the
WHO officially discontinued references to mongolisms in all
of its publications.>?% The possessive use of ‘s’ in Down was
also addressed. In 1975, at the United States National
Institutes of Health’s conference on standardisation of the
nomenclature of malformations recommended eliminating
the possessive form stating that, “The possessive use of an
eponym should be discontinued, since the author (Langdon
Down) neither had nor owned the disorder’.?? Although both
the possessive and non-possessive forms are used in
the literature, ‘Down syndrome’ (non-possessive form) is
more commonly used in the USA, Canada and other
countries, while ‘Down’s syndrome’ (possessive form) is
commonly used in some European countries including the
United Kingdom.? In the current literature, DS is used
interchangeably as trisomy 21 as this is the dominant
variant of DS.

Genetic mechanisms and aetiology
of chromosomal anomalies in
Down syndrome

Genes are located in the chromosomes. Beside the egg and
sperm cells which have 23 individual chromosomes, there are
46 chromosomes, made up of 23 homologous (identical pairs)
in each human cell, thus an individual has 23 chromosomes
from each parent. Human chromosomes comprise 22 pairs
of autosomes (non-sex chromosomes) and a pair of sex
chromosomes (XX, XY). These chromosomes are numbered
according to their sizes from 1 to 22.578%% During the
development of egg or less commonly, in the sperm cells,
errors may occur at the migration stage (segregation step)
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of meiosis. With this error, there is non-disjunction (improper
separation of chromosomes) of the chromosomes,**** which
result in an egg or sperm cell with the probability that some
may have only 22 chromosomes while others, 24 chromosomes.
As the cells divide, the extra chromosome is replicated in every
cell of the body. The presence of three copies of chromosome
21 in all cells of the body is called trisomy.5524

There are three main steps in the first meiotic cell division in
humans, namely, pairing, recombination and chromosomal
segregation steps.®* In the first step, homologous pairs of
chromosomes locate and pair off with their partners. The
second step known as genetic recombination involves the
exchange of genetic materials among the paired homologous
pairs.?® In the third step referred to as the chromosomal
segregation step, each of the chromosomal pairs separate
from their partners at metaphase stage to yield two daughter
cells. This segregation step now produces 23 pairs of
chromosomes.?

If a gamete (sex cells—sperm or ova) with an abnormal
number of chromosomes merges with a normal gamete, the
resulting embryo will have an abnormal number of 47
chromosomes instead of 46.6%%* The error in the distribution
of the chromosomes occurs at the time of the production of
the egg or sperm before fertilisation so that the extra
chromosome 21 is present in all the cells of the baby that arise
from the fertilised egg. They, therefore, have 47 chromosomes
in each cell instead of the usual 46.5%%% The extra genetic
materials cause abnormal development of cells leading to
characteristic intellectual, medical and physical abnormalities
in persons with trisomy 21.6824252627

Types of Down syndrome

Three variants of DS, trisomy 21, translocation and mosaic,>* are
known. Regardless of the genetic variation or mode of
transmission, people with DS have a portion of chromosome
21 in some or all of their cells.*® Trisomy 21 is the most
common type of DS and the exact cause is unknown. The
errors begin in either the sperm or the egg, with the presence
of the extra chromosome before the egg and sperm unite.>%%
Trisomy 21 compromises about 95% of all cases®*; hence,
trisomy (triplication) 21 is used synonymously as DS, and the
number 21 implies that it occurs at chromosome number 21.
Non-disjunction causing trisomy 21 is of maternal origin in
about 88% of cases and occurs more frequently in older cells,
which accounts for older women giving birth to offspring
with trisomy 21.826%

Translocation occurs before fertilisation where a part of an
extra copy of chromosome 21 breaks off during cell division
and becomes translocated (attached) to another chromosome
in the egg or sperm cell. Affected individuals have two normal
copies of chromosome 21, in addition to an extra attached
chromosome 21.54% If this happens with change of genetic
material or joining of entire chromosome with another, then
the individual is said to have a balanced translocation.®* In
this case, the individual will be clinically normal although
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there is still a risk of producing chromosomally unbalanced
translocation as the sperm or ova from individuals with
balanced translocation have a high risk of producing an
abnormal offspring.* DS due to translocation is the only
variant that occurs independent of maternal age and may be
inherited from either parent.®” Approximately 4% of people
with DS have translocation,*** which may either be reciprocal
or Robertsonian.® Reciprocal translocations are the most
common type and involve an exchange of chromosome
between any of the different types, for example, between
chromosome 1 and chromosome 9. Robertsonian translocations
only involve exchanges among chromosome numbers 13, 14,
15,21 and 22.5%

The mosaic variant is the least common pattern of
transmission of DS, occurring in 1% — 2% of people with DS,
and the error in cell division occurs after fertilisation.®®
Affected individuals have some cells with an extra
chromosome 21 and others with the normal number, and this
results in some body cells containing 47 chromosomes and
others having the usual 46 chromosomes.®® The greater the
number of normal cells in DS, the higher the chances of
higher cognitive functions, with a possibility of less
intellectual impairment.* Like trisomy 21, the mosaic type of
DS is not inherited,>* and it is estimated that 1% — 2% of
people with DS are mosaic.*®

Neurobiology of Down syndrome

The neurobiological sequelae of DS includes a variety of
anatomic, physiological and biochemical alterations in the
brains of patients of various ages.?*0*!%2334% [nvestigations of
neurobiological changes in DS started with autopsy studies,
which were subsequently confirmed and expanded on using
neuro-imaging techniques. The studies reveal that alterations
in neural mechanisms at a chemical level (resulting from
changes due to replication of chromosome 21 at the cellular
level) affect the brain development processes 22033233343
These change the neuropsychological profiles of individuals
with DS including learning, language and behaviour.’>*~

It is consistent in the literature that at birth, there are no
neurological variations between individuals with DS and in
the general population,?3031323334% although differences can be
seen as early as 6 months.?*0?%233% The morphological
characteristics unique to the brain in DS include being typically
smaller with up to 20% reduction in volume?03!132333435
disproportionately shorter skulls (brachycephaly), and
decreased sizes of the frontal, occipital and temporal lobes,
brainstem and cerebellum, as well as a smaller corpus
callosum. Furthermore, the hippocampus and temporal lobes
in children with DS are smaller in size.

These morphological changes affect body physiology and
functions. A smaller cerebellum contributes to problems of
hypotonia (poor muscle tone), motor coordination,
articulation, as well as language and general intelligence in
DS. The reduced size of the hippocampus could account for

specific memory and language deficits in DS.?303132333435
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The smaller superior gyrus (STG) in DS contributes to
language deficits as STG contains the primary auditory
cortex (region responsible for sound) as well as Wernicke’s
area (region responsible for speech and language
reCOgnitiOn).29’30’3]’32’33’34’35 Neuro_imaging studie529,30,31,32,33,34,35
also provided data on brain characteristics of persons with
DS at the cellular level. These features include fewer granule
cells in the cerebellum, defects in cortical lamination,
reductions in the amount of cortical neurons, presence of
malformations in dendritic spines, as well as synaptic
abnormalities.?3031323334
structures of neurons, and dendritic spines host the majority
of neuronal synapses. In the DS brain, the numbers of
dendrites are reduced and there are less synapses that are
often clustered irregularly.?20313233435 An infant with DS
has a rapidly growing dendritic tree, which connects
neurons together. 03132333435 These dendrites grow within 1
year of birth and the growth slows subsequently. Abnormal
development of the dendritic structures is a hallmark sign
Of ID ln DS.29,30/31/32/33/34/35

* Dendrites are the main receptive

Epidemiology of Down syndrome

The epidemiology of DS including the risk factors, incidence
and prevalence estimates has been documented
extensively.®**# The risk factors for trisomy 21 include AMA,
altered or aberrant recombination, occurrence of a previous
trisomy birth and environmental factors. Advancing maternal
age and aberrant recombination remain the only conclusive
and well-documented risk factors for DS pregnancy.**** The
risk of having a child with DS increases with AMA, which
has been linked to biological ageing of the ovaries.??* About
85% — 88% of DS is associated with errors from the maternal
egg, about 5% — 9% originates from the paternal sperm while
the remaining 1% — 3% are attributed to mitotic cell division
errors that happen after fertilisation.®**? The AMA risk factor
in DS applies mainly to the trisomy 21 variant of DS.?%
Although AMA is the primary risk factor for DS birth, due to
higher birth rates in younger women, about 80% of children
with DS are born to women under 35 years of age.' The
chances of having DS increases with age of mother at
conception®”** (Figure 1).

9.0% ~
8.0% ~
7.0%
6.0%
5.0% -
4.0%
3.0%
2.0% A
1.0%

0.0% ‘/A\‘ A=At a—

252627282930313233343536373839404142434445464849

Chances of having live-born baby with DS

Age of mother at conception (years)

FIGURE 1: Chances of having a live-born baby with Down syndrome in relation
to age of mother at conception (years).
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The physiological mechanism that relates AMA to trisomy 21
births is not clear although several hypotheses have been
developed to explain the process. Firstly, it has been
speculated that the increased incidence of trisomic births
with maternal age may be due to decreased rejection of
abnormal embryos and increased errors in cell division with
increasing maternal age.*® A common assumption in the
maternal age—trisomy 21 relationship hypothesis is that an
‘aged” ovum is less likely to fertilise and may be more
prone to the errors that result in trisomy 21.5%%
Furthermore, maternal hormonal imbalance causes a reduced
microvasculature with a subsequent reduction in oxygen and
a decrease in the intracellular pH of the oocytes (egg cells)
that may suppress the maturation of the oocytes during the
follicular phase and result in chromosomal displacement and
non-disjunction.>?

Recurrence risk as a factor expresses the possibility of women
who had prior DS births to have subsequent ones. For women
whohad prior trisomy 21 child birth, there is an approximately
1% recurrence risk of having another child with trisomy 21.
The carriers of a balanced translocation of chromosome 21
are also documented risk factors for DS pregnancy.>” The
risk of having a child with DS is higher if the variant is
translocation, which is the inherited type.5*

Another risk factor in DS conception is altered ‘recombination
patterns’. Although trisomy 21 is due mainly to errors in the
final stage (chromosome segregation) of meiosis, considerable
evidence has shown that errors in the second stage
(recombination stage) prepare the cell for non-disjunction.”?
Thus, reduced recombination invariably results in increased
frequency of non-disjunction.®* Evidence from both
cytogenetic and epidemiological studies suggests that various
environmental and occupational exposures are also risk factors
that may increase the chances of trisomy 21 birth.?? These
factors include alcohol and nicotine, medications (oral
contraceptives and spermicides, hormonal therapy, radiation
therapy and fertility medications), toxic wastes and
infections. %

The incidence (new cases) and prevalence (existing cases) of
DS vary across regions. DS is the most common chromosomal
abnormality in humans occurring in approximately between
1 in 600-1000 live births worldwide.®* In the United States
of America, for instance, an estimated 5500 infants with DS
are born annually."” The incidence of births of children with
DS increases with the age of the mother. The factors that may
influence the birth incidence of DS*?* include the following:

e Changes in the maternal age distribution in the
population.

¢ The availability and use of prenatal testing.

® Socio-cultural factors. For example, in a country such as
the United Arab Emirates where termination of pregnancy
is illegal, the incidence would be higher than in France
and the Netherlands where termination of pregnancy is
legal. These variations may be related to a high percentage
of DS pregnancy terminations.



http://www.avehjournal.org

The prevalence of DS is influenced by improved survival
rates for infants with DS, which is related to improved
medical care (especially of cardiovascular malformations).?
Although the incidence of DS seems stable, the prevalence
(existing cases) is increasing. With advanced medical care,
more children survive to adulthood with a subsequent
increased longevity.?® More so, with increased public
education, awareness and increased interaction between
individuals with DS and the general population, the
population of people with DS is likely to increase.>*® These
factors may outweigh the effects of prenatal diagnosis and
termination of pregnancy.®® The incidence of DS per live
births varies across countries and the estimates for some
countries are outlined in Table 1.367783404142

Characteristic physical and health
implications of Down syndrome

DS is a multisystem disorder that affects the individual
physically, medically and psychologically. The physical —

TABLE 1: Prevalence of live births of Down syndrome across regions.

Area Prevalence Percentage
Australia 1:1150 live births 0.08
Israel 1in 1000 0.1
Nigeria 1in 865 0.11
UK 1in 1000 0.11
Norway 1.25in 1000 live births 0.12
USA 1in 691 babies 0.14
The Netherlands 16 in 10 000 0.16
Saudi Arabia 1in 554 0.18
Sweden 1in 800 0.12
South Africa 1.33-1.8 per 1000 (coloured and whites) 0.13-0.18
2.1 per 1000 (mainly black population) 0.21
Canada 1/449 0.22
Dubai 2.32in 1000 2.23

Source: Australia®, Israel*®, Nigeria®, UK®, Norway®*, USAY, The Netherlands®, Saudi
Arabia®, Sweden®, South Africa®, Canada?, Dubai*®

Note: Please see the full reference list of the article, Wajuihian SO. Down syndrome: An
overview. Afr Vision Eye Health. 2016;75(1), a346. http://dx.doi.org/10.4102/aveh.
v75i1.346, for more information.

TABLE 2: Health implications of Down syndrome.
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head, face and neck — features*>* include brachycephaly
(disproportionately shorter or small head or skull shape),
unusually round face, short neck, low-set, small ears, flat
nasal bridge, microgenia (an abnormally small chin),
macroglossia (protruding or oversized tongue) due to small
oral cavity, small chin, almond shape to the eyes caused by
an epicanthic fold of the eyelid and oblique palpebral
fissures. Other features include shorter limbs, a single
transverse palmar crease (a single instead of a double crease
across one or both palms), lax ligaments, excessive space
between large toe and second toe, dry skin, muscle
hypotonia (poor muscle tone) and brachydactyly (shorter
fingers and toes). Ocular and visual features of DS include
high refractive errors, amblyopia and strabismus,
accommodative and vergence anomalies, ptosis, blepharitis,
nasolacrimal duct obstruction, nystagmus, keratoconus,
speckling of the iris (Brushfield’s spots), cataracts, glaucoma
and retinovascular anomalies. DS has considerable health
implications and people with DS have an increased risk for
certain medical conditions. The levels of abilities and
disabilities vary due to variations in the level of affliction.
Some medical conditions are congenital while others are
progressive.* DS cannot be treated, though many of the
associated health conditions are treatable and people with
DS now live healthier lives.'”” The major health conditions
associated with DS.57'!*are summarised in Table 2.

Screening and diagnosing Down
syndrome

Given the health consequences of DS births, some parents
may opt to undergo some prenatal tests to screen for the risks
of the foetus having DS. There are two types of tests for
DS, namely, screening and diagnostic tests. The prenatal
screenings do not give definite results but provide the
probability of a foetus having DS. If a screening test gives a
positive finding for DS, a pregnancy may have DS, a
diagnostic test is performed to confirm if the baby actually

Systems Conditions

Cardiac defects
ventricular septa defects

Incidence of congenital heart disease in DS is between 44% and 50%. Commonly atrial septal (wall of the heart) defects and

Cognitive Mainly intellectual disability which affects learning, memory, and language that leads to mild-to profound impairment in

intellectual functioning
Gastrointestinal
Dermatological Dry skin, folliculitis, vitiligo
Neurology
Respiratory
Central nervous system

Ear nose and throat

Commonly feeding difficulties and gastro-oesophageal reflux

Developmental deficiencies; mainly intellectual disability
Due to an enlarged tongue, uvula and soft palate predisposes towards obstruction
Dementia and Alzheimer’s disease in adults

Conductive and sensori-neural hearing loss, sleep-related breathing disorders (such as sleep apnea) and chronic catarrh

Impaired fertility both genders; males are usually unable to father children, while females have fertility and birth problems

Orthopaedic Cervical spine disorders, joint and muscle problems
Reproduction

including miscarriages, premature births and difficult labour
Dental Include caries and malocclusion

Endocrine/growth anomalies
Haematological/oncology Mainly leukaemia

Immunological

Commonly hypothyroidism, hyperthyroidism, obesity and diabetes, impaired stimulation of growth hormone.

Immune dysfunction, autoimmune disease such as arthropathy, vitiligo, alopecia

Increased susceptibility to infections than normal children

Neuropsychiatric/behavioural

Common neuropsychiatric problems in DS children include epilepsies, autistic spectrum disorder, depressive illness, dementia

adults), attention deficit hyperactivity disorder, conduct/oppositional disorder (5.4%), or aggressive behaviour.
( VP Y pp 28

DS, Down syndrome.
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has DS.>! Therefore a diagnostic, unlike the screening test,
provides a definite diagnosis with almost 100% accuracy.>*

Conclusion

DS is a genetic anomaly with considerable oculo-visual and
medical consequences. Optometry’s role is crucial in
alleviating the impact of vision anomalies in individuals with
DS. This role can be better achieved if optometrists acquire
the basic understanding of the disorder. Future review papers
will focus on the oculo-visual anomalies and detail the role of
optometry in addressing vision anomalies in DS.
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