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ABSTRACT

(© 2018 The Authors. This is an open access - . o o o
article under the CC-By-NC license. . Inherited metabolic disorders (IMDs) are a class of genetic disorders. Each metabolic disorder

may have different forms with different age of onset, clinical manifestations, severity, and
even type of inheritance. Ideally, a group of different specialists, including ophthalmologists,
pediatricians, biochemists, and medical geneticists are needed for the final diagnosis and
management of IMDs. Because of the importance of the aforementioned issue, we investigated
the effect of IMDs on the eye in this review. Metabolic disorders can induce abnormalities in
conjunctiva, cornea, lens, retina, optic nerve, and eye motility. In this study, the authors aimed
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o Inherited Metabolic Disorders (IMDs) can have ophthalmological manifestations.

o For a follow-up, management, and treatment of IMDs, a thorough ophthalmological examination is necessary.

Introduction

nherited Metabolic Disorders (IMDs) are a

class of genetic disorders. It commonly oc-

curs as a result of single-gene defects which

result in the defective function of gene prod-

ucts, especially enzymes. They are related to
the toxic intermediary metabolites or decreased produc-
tion of necessary metabolites [1].

Each metabolic disorder may have different types with
various age of onset, clinical manifestations, severity,
and even type of inheritance. IMDs manifest different
signs and symptoms, including metabolic acidosis, nau-
sea, and developmental delays. It can also have clinical
presentations like cardiomegaly, skeletal dysplasia, oph-
thalmological disorders, and encephalopathies. How-
ever, the occurrence of these problems can be decreased
through screening [2].

Although IMDs are generally detected in neonates or
infants, they can be seen in adults too [3, 4]. Fortunately,
newborn screening (NBS) tests can detect most of the
congenital metabolic diseases [5]. Consanguinity with
an estimated rate of 30% to 39% of marriages in Iran is
one of the leading causes of IMD occurrence. In a con-
sanguineous family, a higher rate of an autosomal reces-
sive mutation can be transferred to the next generation
[6]. Therefore, an increased risk of metabolic disorders
and early mortality can be expected in these families [7].

So far, Iranian investigations have been conducted
on the genetic disorders [8], especially IMDs, includ-
ing biotinidase deficiency [9], methylmalonic academia
[10], and non-ketotic hyperglycinemia [11]. These stud-
ies all showed the importance of considering metabolic
disorders in our country. Ideally, a group of different
specialists, including ophthalmologists, pediatricians,
biochemists, and medical geneticists are needed for the
final diagnosis and management of IMDs. So based on
the abnormal metabolites direct toxic mechanisms on
eyes [12] and regarding the effect of eye monitoring on
follow-up, management, and treatment of IMDs [13], a
detailed ophthalmological assessment is essential.

Because of the importance of the aforementioned issue,
we aimed to demonstrate the effect of IMDs on eyes in
this review study.

Materials and Methods

This narrative review article was conducted after
a thorough electronic search by definite keywords.
PubMed, Web of Science, Embase, and Google Scholar
were searched to find the reference articles assessing the
effect of IMDs on eyes.

Discussion

Eyes have anterior and posterior segments with differ-
ent components. The cornea, sclera, iris, trabecular net-
work, and lens are placed in the anterior segment. The
posterior segment comprises the optic nerve, choroid,
and retinal blood vessels [14]. Since the evaluation of
an ophthalmologist along with biochemical and genetic
evaluations could significantly help clinicians to diag-
nose and manage patients, it is wise to know ocular man-
ifestations in IMDs. In this review article, the authors
summarized the effect of ocular manifestations of IMDs
by google images and only mentioned the effect of IMDs
of amino acids, carbohydrates, and lipids on eyes.

Metabolic disorders can induce ocular abnormalities of
conjunctiva, cornea, lens, retina, optic nerve, and ocular
motility with symmetrical bilateral involvement and se-
vere visual impairment.

Disorders of amino acid metabolism

Albinism, cystinosis, homocystinuria, tyrosinemia type
II, hyperornithinemia (gyrate atrophy), sulfite oxidize
deficiency, and hyperlysinemia are the most common
disorders of amino acid metabolism. Albinism is an in-
herited disorder that causes hypopigmentation or no pig-
mentation in only eyes or a combination of skin, eyes,
and hair [15]. Albinism causes refractive errors, nystag-
mus, decreased visual acuity, defects of iris transillumi-
nation, strabismus, albino fundus, and abnormal nerve
fiber crossing [16].
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Figure 1. Ophthalmic manifestations of aminoacidopathies

A: Albinism with diffuse chorioretinal atrophy; B: Cystinosis with corneal and retinal deposit; C: Homocystinuria with lens
dislocation; D: Tyrosinemia type Il with pseudodendritic keratitis; E: Hyperornithinemia with chorioretinal atrophy
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Figure 2. Oil drop cataract as the manifestations of galactosemia in the eyes

Cystinosis is an inherited disorder that causes defec-
tive transport of cystine across lysosomal membranes.
It creates corneal crystal accumulation, and pigmentary
retinopathy in the eye [17].

Homocystinuria occurs because of the absence of cys-
tathionine b-synthetase enzyme which converts homo-
cysteine to cystathionine. Osteoporosis, fair skin, coarse
hair, marfanoid habitus, mental retardation, convulsion,
and thromboembolic episode are the systematic features
of homocystinuria. Ocular manifestations of homocystin-
uria are retinal detachment, progressive myopia, ectopia
lentis, increased intraocular pressure, and optic atrophy.

Sulfite oxidize deficiency occurs as a result of a defect
in sulfur metabolism. It has some systemic features such
as seizures, brain dysfunction (encephalopathy), spastic
quadriplegia, movement problems, dystonia, choreoath-
etosis, ataxia, and ectopia lentis [18].

Hyperornithinemia (gyrate atrophy) is an autosomal re-
cessive inherited chorioretinal dystrophy that occurs due
to the deficiency of the ornithine aminotransferase which
is the mitochondrial matrix enzyme activity. It has some
ocular manifestations, including myopia, night blind-
ness, chorioretinal atrophy, and cataract.

Tyrosinemia type II occurs because of mutations in the
tyrosine aminotransferase. It is an autosomal recessive
disorder and induces pseudodendritic keratitis, mental
retardation, hyperkeratosis of the palms and soles. Hy-
perlysinemia is an extremely rare autosomal recessive
disorder that causes mental retardation and ectopia lentis
[12]. Ophthalmic manifestations of aminoacidopathies
are shown in Figure 1.
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Disorders of carbohydrate metabolism

Galactosemia, glycogen storage disease, glucose-
6-phosphate dehydrogenase, and Von Gierke disease
are the disorders of carbohydrate metabolism. But only
galactosemia has ophthalmic manifestations. Galactose-
mia which is defined as the high level of galactose in
the blood is a familial genetic disorder and is induced by
the inability to metabolize galactose—the literal mean-
ing of galactosemia. The different types of galactosemia
include classic and clinical type, Duarte variant, galac-
tokinase deficiency, epimerase deficiency [19]. Classic
galactosemia which is defined by the defected galactose-
l-phosphate uridyltransferase activity. Cataract may hap-
pen due to the accumulation of galactitol in the lens. It
induces an oil drop appearance cataract (Figure 2).

Disorders of lipid metabolism

Niemann-pick, Fabry, Gaucher, metachromatic leuko-
dystrophy (MLD), and gangliosidosis are the disorders
of lipid metabolism. Niemann-Pick is an uncommon ge-
netic disease. It disturbs the fat metabolism inside the
cells such as cholesterol and lipids. Various organs, in-
cluding eyes, can be affected by this disease. A, B, and
C tare 3 types of Niemann-Pick disease [20]. There is
various eye involvement in Niemann-Pick disease. The
acute neuronopathic form is the Niemann-pick type A
which produces a cherry-red spot in the macula. An-
other manifestation of this type of Niemann-Pick is the
brownish discoloration of the anterior lens capsule. The
chronic form of Niemann-Pick disease without nervous
system involvement is type B which induces cherry-red
spot in the macula. The chronic neuropathic form is type
C. This type can have optic atrophy and vertical ophthal-
moplegia. There is no cherry-red spot in this type [12].
Ophthalmic manifestations of Niemann-Pick disease are
shown in Figure 3.
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Figure 3. Ophthalmic manifestations of Niemann-Pick disease

A: Cherry-red spot in Niemann-Pick Disease Type A; B: Brownish discoloration of the anterior lens capsule in Niemann-Pick

Disease Type A; C: Cherry-red spot in Niemann-Pick Disease Type B

Fabry disease is a rare X-linked lysosomal storage dis-
order due to the mutations in the galactosidase alpha gene
that causes the complete or partial deficiency of the en-
zyme o-galactosidase A, and mainly the subsequent slow
accumulation of globotriaosylceramide [21]. Fabry dis-
ease causes the following ocular changes on conjunctiva,
cornea, retina, and lens. The effects of the disease are in-
creased vessel tortuosity and aneurysms on the conjunc-
tiva, verticillata on the cornea, increased tortuosity of ves-
sels on the retina, and faint spoke-like lines opacity at the
posterior lens capsule on the lens. The most common ocu-
lar feature in all homozygotes and a majority (up to 70%)
of heterozygotes is cornea verticillata that results in depos-
its of globotriaosylceramide (GB3) in corneal epithelium.

Figure 4. Ophthalmic manifestations of Fabry and Gaucher diseases

Gaucher disease is an uncommon, autosomal recessive
disease that results from the deficient lysosomal enzyme
(glucocerebrosidase). It leads to an accumulation of its
substrate, glucosylceramide [22]. There are 3 types of
Gaucher disease. The most common form is chronic, a
non-neuropathic disorder with adult-onset (type 1). Its
ocular features include brownish pinguecula-like masses
containing Gaucher cells. In the retina, Gaucher cells can
be observed as well. Gaucher disease type 2 is the acute
neuropathic infantile form. It causes persistent retroflec-
tion of the head and signs of pseudobulbar palsy.

The classic Gaucher induces opisthotonus, trismus, and
strabismus. The subacute, juvenile neuronopathic form

A: Increased vessel tortuosity and aneurysms of the conjunctiva in Fabry disease; B: Cornea verticillata in Fabry disease; C:
Increased tortuosity of retinal vessels in Fabry disease; D: Faint spoke-like lines opacity at the posterior lens capsule in Fabry
disease; E: Brownish pinguecula-like masses containing Gaucher cells in Gaucher disease Type 1; F: Strabismus in Gaucher

disease Type 2
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is the Gaucher disease type 3 that has ocular features
such as ocular apraxia and corneal opacification [23].
The ophthalmic manifestations of Fabry disease and
Gaucher disease are shown in Figure 4.

MLD can be created by deficient activity of digesting
sulfatides so their accumulation in MLD causes demy-
elination and inhibits oligodendrocyte differentiation
from precursor cells, thereby preventing remyelination
[24]. MLD is the accumulation of cerebroside sulfate
in the CNS and peripheral nerves. Based on the age of
onset, late infantile, juvenile, and adult forms are recog-
nized. Multiple sulfatase deficiency (MSD) is an uncom-
mon form of late-infantile MLD. Optic atrophy, retinal
degeneration, skew deviation, and cherry-red spot in-
duces ophthalmologic features [25].

The gangliosidosis diseases are IMDs in which the ac-
cumulation of ganglioside in the CNS leads to severe
and progressive neurological impairment. Infantile gan-
gliosidosis includes GM1 and GM2. GM2 gangliosido-
sis includes Tay-Sachs and Sandhoff diseases. Cherry
red spot is the ocular manifestation of these disorders.

Conclusion

Because of the direct toxic mechanisms of abnormal
metabolites on eyes and regarding the effect of eye moni-
toring on follow-up, management, and treatment of IMEs,
a detailed ophthalmological assessment is essential.
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