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Disclaimer
This synopsis has been completed by medical practitioners. It is based on a literature search at the
standard of a textbook of medicine and generalist review articles. It is not intended to be a metaanalysis of the literature on the condition specified.
Every effort has been taken to ensure that the information contained in the synopsis is accurate and
consistent with current knowledge and practice and to do this the synopsis has been subject to an
external validation process by consultants in a relevant specialty nominated by the Royal Society of
Medicine.
The Ministry of Defence accepts full responsibility for the contents of this synopsis, and for any
claims for loss, damage or injury arising from the use of this synopsis by the Ministry of Defence.
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1.

Definition
1.1.

Refractive error is said to exist when the eye fails to bring parallel light (distant objects)
to focus on the retina. There are 3 types of refractive error: myopia, hypermetropia and
astigmatism.

1.2.

In the myopic (short-sighted) eye, distant objects are brought to focus in front of the
retina. This may be because the eyeball is too long (axial myopia) or the refractive
elements of the eye too powerful (refractive myopia).

1.3.

In the hypermetropic (long-sighted) eye, distant objects are brought to focus behind the
retina. This may be because the eyeball is too short (axial hypermetropia) or the
refractive elements of the eye are inadequate (refractive hypermetropia).

1.4.

In astigmatism, the refractive power of the eye varies depending on which meridian
light enters the eye. If these meridia lie at 90° to each other then regular astigmatism is
said to exist. If the meridia lie at 90° to each other but not necessarily in the horizontal
or vertical meridia, this is termed ‘oblique astigmatism’. If the meridia do not lie at 90°
to each other then this is termed ‘irregular astigmatism’ and is difficult to correct with
lenses.

1.5.

Emmetropia is the normal state i.e. absence of refractive error. Light is brought to a
clear focus on the retina without any accommodative (focussing) effort.

1.6.

Presbyopia is difficulty bringing near objects into focus due to the normal, steady, agerelated decline in accommodative power of the lens.
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Diagram illustrating types of refractive error

Figure 1

Emmetropia

Figure 2

Myopia

Figure 3

Hypermetropia

Figure 4

Astigmatism
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2.

Clinical Features
2.1.

The prevalence of refractive errors depends on the definition of the presence of
refractive error. For example, persons with refractive error of +0.25 may be considered
either hypermetropic or clinically emmetropic because this level of refractive error has
no significant impact on function, nor does it necessitate the need for spectacles.

2.2.

Different studies have used slightly different inclusion criteria for the presence of
myopia and hypermetropia. These studies have been performed in different geographic
populations and various age groups. In adults over 40, Hyams et al1 found prevalence
rates of 18% myopia, 57% emmetropia and 24% hypermetropia. A large study that
included adults over 40 in the US, Western Europe and Australia2 found prevalence
rates of 5.8-9.9% hypermetropia and 16.4-25.4% myopia. Adults in Norway3 were
found to have prevalence rates of 13-17% hypermetropia and 30-35% for myopia.
These large multi-centre prevalence studies offer an overview of prevalence but have
limitations because of the slightly different inclusion criteria. Although some studies
have described a change in the prevalence of refractive error the studies performed to
date suffer from the limitations described in this paragraph.

2.3.

Hypermetropia may be detected at pre-school screening.

2.4.

Hypermetropia may present as a squint. Convergent squints may be a result of
hypermetropia. This is due to the excess convergence associated with the extra
accommodative effort employed by the eye in an attempt to produce a focussed image.

2.5.

In the presence of squint or refractive error it is important to exclude the presence of
amblyopia. This is a condition where lack of visual maturation occurs, typically in one
eye, due to the preferential use of the better-seeing eye. If this is not treated
appropriately in early childhood, permanently reduced vision will result.

2.6.

Myopia typically occurs in childhood between the ages of 8 and 14. It usually affects
both eyes similarly. It may be discovered on screening programmes or by teachers
noticing school pupils unable to visualise items on the board. Children and teenagers
may complain of difficulty seeing distant objects.

2.7.

Astigmatism may cause difficulties in distance and near vision although small clinically
irrelevant amounts of astigmatism are very common. It is often found in combination
with myopia or hypermetropia. Patients may experience blurred vision or appreciate
aberrations of the visual image such as abnormal elongation, distortion or monocular
double vision. Patients are probably more likely to be symptomatic if there is an
acquired aetiology or the abnormality is asymmetrical.

2.8.

Diagnosis of refractive error is confirmed by performing a refraction examination. This
quantifies the level of refractive error by identifying the power and type of lenses
required to correct the defect.

2.9.

Asthenopia is a term used to embrace symptoms related to refractive error. This
includes blurred vision, tired eyes, eye-strain, periocular discomfort or even headache.
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2.10. Headache is a possible clinical feature of refractive error. Headache associated with
refractive errors (HARE) is described in the International Headache Society's (IHS)
classification system.4 The diagnostic criteria for HARE are:
2.10.1. Recurrent mild headache, frontal and in the eyes themselves, fulfilling the
following criteria:
•

Headache and eye pain first develop in close temporal relation to the
refractive error, are absent on awakening and aggravated by prolonged
visual tasks at the distance or angle where vision is impaired

•

Headache and eye pain resolve within 7 days, and do not recur, after full
correction of the refractive error

2.10.2. Uncorrected or miscorrected refractive error (e.g. hypermetropia, astigmatism,
presbyopia, wearing of incorrect glasses).
2.11. Some authors feel refractive error as a cause of headache may be overstated. One study
concluded that headache associated with refractive error (HARE), as defined by The
International Headache Society (IHS) criteria, can occur in individuals with refractive
error but is rare.5 They found no difference in overall headache rates between subjects
with refractive error and controls. In the subject group, 6% had headaches that fitted the
IHS criteria for HARE. Headache associated with refractive error appeared to be linked
with hypermetropia, more so than any other refractive error.
2.12. The relationship between uncorrected refractive error and migraine was cited by authors
in the early 1900s. More recent studies and reviews have found no significant difference
between migraine sufferers and control groups with regard to refractive error.6-8
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3.

Aetiology
Myopia. Myopia has been studied more extensively than other refractive errors to ascertain the
relative importance of genetic and environmental factors.
3.1. Genetic factors. There is strong evidence that genetic factors play a part in the aetiology of
myopia. It has been observed that identical twins show close agreement in their refractions
whereas non-identical twins show little more agreement than control pairs of siblings.9
Children of myopic parents tend to have longer eyes, even before developing myopia,10 and
the gene for myopia has been identified in particular families.11,12 Studies in young adult
populations in the United Kingdom and Denmark compared genetic and environmental
factors, concluding there was high heritability of ocular refraction and environmental impact
was not significant.13,14
3.2. Environmental factors. Other studies have highlighted the association of myopia with
environmental factors.
3.2.1. Although these studies have highlighted associations between environmental factors
such as near work and myopia, causality cannot necessarily be inferred. Several
epidemiological studies have identified higher rates of myopia and progression
amongst university students and length of time studying.15,16 Occupations requiring
intense close work (microscopists, textilers) have also been associated with the
development and progression of myopia.17
3.2.2. Many animal studies have identified induction of myopia secondary to altering the
environment of the developing eye. Deprivation of visual stimulation induces myopia
in primates.18 Eyes of children with unilateral visual deprivation, from concurrent
pathology, also have been shown to become myopic.19 The inference from these
studies is that there is a local feedback mechanism involving the unfocussed image
that controls ocular growth in early development.
3.2.3. Studies on the use of visual display units (VDU) have failed to identify the use of
VDU as a cause of onset or progression of myopia.20,21 A small transient myopic shift,
insufficient to reduce distance acuity, may occur immediately following VDU use but
the significance of this is unknown.22 Dry eyes appear to be the major contributor to
asthenopic symptoms related to computer use.
3.2.4. Improper lighting conditions of computer workstations may contribute to ocular
discomfort. Symptoms of eye strain, blurred vision and particularly glare may be a
problem. Measures such as removing intense fluorescent lights, attention to light
positioning and computer screen anti-glare filters may improve visual comfort.22
3.3.

Hypermetropia.

3.3.1. Genetic factors. Like myopia, genetic factors appear to be the major determinant of
hypermetropia, although far fewer studies have been published. Hammond et al.23
demonstrated hypermetropia to be genetically determined to a degree very similar to
myopia.
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3.3.2. Ageing. In adulthood, with the natural onset of presbyopia, there may be some
unmasking of hypermetropia that was previously overcome by accommodation. This
is not necessarily a result of some external factor.
3.3.3. Other conditions. Concurrent conditions that effectively shorten the distance between
the cornea and posterior pole may induce hypermetropia. For example, external globe
compression from an orbital tumour,24 serous elevation of the retina,25 lid lesions26 that
flatten the cornea and reduce its effective power (lid lesions more commonly induce
astigmatism due to the uneven distribution of pressure caused by the lesion – typically
a cyst.)
3.3.4. Metabolic changes. Changes that alter the osmolality of the lens such as
hypoglycaemia in diabetes, may induce a fluctuation in refractive error.
3.4.

Astigmatism.

3.4.1. Genetic factors. These play a role in the aetiology of astigmatism, but this may be far
less than in hypermetropia or myopia.23,27 There are, however, indications that a
dominantly inherited form of astigmatism may exist.28
3.4.2. Acquired astigmatism. This may result when the curvature of the cornea is altered.
This may be due to dysplasia, e.g. keratoconus, or abnormal growth of tissue on the
cornea e.g. pterygium. Infection of the cornea, either bacterial or viral (typically
herpetic) may induce astigmatism29 during the infection, or from resultant scarring.
Scarring may also result from lacerating or penetrating trauma30,31 or chemical/thermal
injury. Ocular surgery involving the cornea, e.g. cataract surgery,32 corneal grafting33
or excimer laser,34 may all directly cause astigmatism. Other forms of ocular surgery
such as retinal surgery35 or squint surgery36 may also induce astigmatism.
3.4.3. External factors. Compression by external lid or orbital lesions, as for hypermetropia,
are recognised causes of astigmatism,26 this is often reversible with removal of the
compressive lesion.
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4.

Prognosis
4.1.

Refractive changes in adults over the age of 40, over a 10 year period, are small
(<0.5D[dioptre]) and dependant on age (mild hypermetropia in 40s, mild myopia in
70s.)37 This may also be dependent on the presence of cataract, which may induce a
myopic shift in refraction.

4.2.

Myopia may progress relatively quickly in children and young adults (0.5D per year.)38

4.3.

The mainstay of treatment is correction of the refractive error with spectacles or contact
lenses. Recent advances in excimer laser and accumulation of medium term data on
results39 (LASIK, PRK, LASEK) have increased the popularity of its use particularly for
low/moderate myopia. Irregular astigmatism is unable to be corrected by lenses and the
use of excimer laser for this purpose is possible but remains complex.

4.4.

Surgical options are also available. Suture manipulation or relaxing incisions have been
used successfully for astigmatism secondary to trauma.31 Corneal grafting for patients
with intractable keratoconus and relentless progression of astigmatism has a relatively
good prognosis. Clear lens extraction and phakic intraocular lenses (implantable contact
lenses) for high myopia have been used in specific cases40,41 but have serious potential
complications.
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5.

Summary
5.1.

Refractive error is said to exist when the eye fails to bring parallel light (distant objects)
to focus on the retina. There are three types of refractive error: myopia, hypermetropia
and astigmatism.

5.2.

Refractive errors are common affecting approximately a third of the general population.

5.3.

There is good evidence to support a genetic aetiology for myopia and hypermetropia.
The role of environmental factors such as near work is less certain. Ocular trauma is an
important cause of acquired astigmatism that is often difficult to treat.

5.4.

As an alternative to spectacle and contact lenses, treatment modalities in the form of
excimer laser are increasing in popularity.
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6.

Related Synopses
Myopia.
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7.

Glossary
accommodation

The ability of the lens to assume a more
globular shape in order to increase the
focussing power of the lens.

asthenopia

Group of symptoms that describe ocular
discomfort due to refractive error e.g.
eyestrain, “tired eyes” and blurred vision.

astigmatism

Refractive error that prevents a focussed
image on the retina due to the eye
refracting light in different meridia
unequally.

cataract

Opacification of the lens.

cornea

Clear, dome shaped structure at the front
of the eye responsible for focussing light.

dioptre

Unit by which the strength of lenses is
measured.

dysplasia

Disorganisation of tissue structure.

emmetropia

The absence of any refractive error. Light
brought to a focus directly on to the retina
without accommodative effort. Hence
emmetropic.

excimer laser

A method of sculpting the corneal
curvature using a variety of techniques
e.g. LASIK, PRK, LASEK.

hypermetropia (hyperopia)

Long-sightedness. Error of refraction
where the image is focussed behind the
retina.

keratoconus

Progressive corneal ectasia where the
cornea assumes an irregular conical shape.

lens

Bi-convex structure in the eye that focuses
light towards the retina.

migraine

Complex syndrome characterised by
unilateral headache and visual or other
sensory disturbances.
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myopia

Short-sightedness. Error of refraction
where image is focussed in front of the
retina.
Balanced water content.

osmolality
presbyopia

Difficulty bringing near objects into focus
due to the normal, steady, age-related
decline in accommodative power of the
lens.

pterygium

Triangular sheet of fibrovascular tissue
that invades the cornea.

retina

Membranous structure covering the
posterior aspect of the eye that converts
the visual image into neural impulses
before transmission to the brain.
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