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ABSTRACT

Endocrine diseases make up a
significant percentage of the chronic
diseases in small animal patients. Dogs and
cats with endocrinopathies are at risk of
developing many serious ocular signs that
may jeopardize their quality of life. Most
of the endocrinopathies including diabetes
mellitus, Cushing’s disease, growth
hormone imbalance, hypothyroidism,
hyperthyroidism  etc. have  ocular
manifestations. A better understanding of
such ocular manifestations will help in the
early diagnosis of the disease condition as
well as to undertake the prompt measures
for prevention of their occurrence, slowing
down the progress or treatment.

Keywords:  Endocrinopathies, ocular
manifestations, diabetes

hypothyroidism, hypocalcaemia.

mellitus,

INTRODUCTION

Endocrine system which produces
specific hormones coordinate and control
all the body activities. Many a times,
disorders of the endocrine system are
manifested in  multi-organ  fashion.
Endocrinopathies, several of them, become
apparent in the eye, first through a variety
of distinct pathophysiologic disturbances.
Thus, eye provides clinicians with valuable
clues for the recognition and management
of numerous endocrinopathies (Kamboj
et al., 2017). Timely recognition of
these ophthalmic  manifestations is
critical not only for rapid diagnosis and
treatment, but also to prevent significant
morbidity and mortality in animals.
The most common endocrinopathies
having ocular manifestations seen in
small animals are diabetes mellitus
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(DM), hyperadrenocorticism (Cushing’s
disease), hypoadrenocorticism (Addison’s
diseases), growth hormone imbalances,
hypothyroidism, hyperthyroidism  and
associated calcium imbalances.

1. Diabetes mellitus

Diabetes mellitus (DM) is the most
common endocrine disorder in small animal
patients, which may result in cataract
formation, lens induced uveitis, endothelial
celllossand pleomorphism, reduced corneal
sensitivity, hyperlipidemia, retinopathy,
keratoconjunctival changes and other
retinopathies (Gelatt, 1975). Secondarily
it may even result in uveitis and poor
corneal wound healing. Among humans,
47 to 67% of the diabetic patients also
develop corneal lesions. Poodle, amidst the
dog breeds, has a significantly excess risk
than German shepherd, Cocker Spaniels,
Collies and Boxers for the development of
diabetes. It is significantly associated with
cataract formation in both sexes (Marmor
et al., 1982). The most common ocular
manifestations in dogs and cats with DM
are discussed.

a. Cataract

Cataract is the earliest and most
consistent ocular lesion in DM and
studies suggest that majority of dogs with
diabetes will develop cataract within 5-6
months and approximately 80%  within

16 months of its diagnosis (Beam et al.,
1999). It is also observed that, all dogs
with diabetes develop cataract at some
point of its life time. Various factors like
age, species, duration of diabetes and
severity of hyperglycaemia also may affect
the development of cataract. However
young dogs are highly susceptible to the
development of cataract in DM (Fig. 1).
Cataract may occur in diabetic cats also but
less frequently than in dogs and the reason
may be attributed to the fact that aldose
reductase activity is significantly lower
in older cats than in dogs (Richter et al.,
2002). Aldose reductase is a rate limiting
enzyme in the polyol pathway and is located
in the eye (cornea, retina, lens), kidney,
myelin sheath, and also in other tissues
less involved in diabetic complications
(Narayanan, 1993). Cataracts in DM
initially develop as vacuoles at the equator
of the lens and eventually occupy the entire
lens. This necessitates pharmacological
dilation of the pupil for early detection of
diabetic cataract (Plummer et al., 2007).

The avascular lens is freely
permeable to glucose which is the main
source of energy. By the process of
diffusion, glucose enters the lens from
the surrounding aqueous humor. Glucose
is then converted to lactic acid via the
anaerobic glycolytic pathway. Lactic acid
then diffuses back out of the lens to enter
circulation. However, when hyperglycemia
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is persisting, there will be saturation of the
hexokinase enzyme which isresponsible for
this conversion. Excess glucose then gets
metabolised through the polyol pathway to
sorbitol and fructose, which are not freely
diffusible. In the presence of high glucose
concentration, the enzyme aldose reductase
which catalyses the reduction of glucose
to sorbitol, not only has more substrate to
act, but also it is up-regulated and thereby
increasing its activity (Muirhead and
Hothersall, 1995). The trapped sorbitol
and fructose in the lens, act as hydrophilic
osmotic agents and draw more water into
the lens and causes welling and rupture
of lens fibers, resulting in the lenticular
opacities known as cataracts.

b. Lens induced uveitis

The strongly vascularized anterior
uvea is used as a carrier and a connecting
link to the immune system. DM induced
cataract may lead to leakage of lens proteins
and subsequently lead to uveitis. It will be
charecterised by low IOP, miosis, aquous
flare, corneal odema and even congestion
(Woerdt et al., 1992). Spontaneous cataract
resorption and subsequent lens-induced
uveitis are observed primarily in young
dogs, especially in Afghan hound, American
cocker spaniel, Boston terrier, miniature
and toy poodle and miniature schnauzer.
The resorption process, when extensive,
may help to restore vision (Gelatt, 1975).

However, the inflammatory response
leading to a release of the lens material
observed in domestic and laboratory
animals exhibit only slight similarities with
that in humans (Pfleghaar and Schaffer,
1992).

c. Corneal sensitivity

Diabetic dogs have significantly
reduced corneal sensitivity in all the
quadrants when compared with normal
dogs. Regional variation in this corneal
sensitivity is similar in both diabetic and
non diabetic dogs. This impaired corneal
sensitivity is due to the neuropathy of the
ophthalmic division of trigeminal nerve
which causes neurotropic keratopathy
resulting in loss of sensory innervation to
the cornea. Corneal nerve dysfunction and
associated recurrent or non-healing ulcers
were also reported in dogs (Kathryn et
al., 2003). In addition, the ocular surface
disease in diabetes is characterized by
a disorder of tear quantity and quality,
squamous metaplasia, goblet cell loss
and all of which seem to evolve in close
proximity to the status of metabolic
control and peripheral neuropathy (Dogru
et al., 2001). This diffuse neuropathy
leading to reduced corneal sensitivity
may subsequently lead to development of
corneal ulcers. Corneal aesthesiometry can
be used to measure the corneal sensitivity
and corneal innervations. Reduced corneal
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sensitivity is a classical feature in human
diabetic patients too (Schultz et al., 1981).

d. Hyperlipidemia

Hyperlipidemia is another common
symptom in diabetic dogs and cats,
especially if diabetes is not controlled.
Hypertriglyceridemia occurs when there
is relative or absolute insulin deficiency
and associated decreased lipoprotein lipase
activity. Hypercholesteremia may also
occur due to its increased synthesis or
impaired clearance (Feldman and Nelson,
2004). Hyperlipidemia may result in
corneal lipid deposits, lipemia retinalis and
lipemic aqueous humor. Lipemia retinalis
is the presence of lipid-filled retinal vessels
which appear yellow to orange in color
and the contours of the retinal vessels will
be readily visible during ophthalmoscopy
(Fig. 2). Because of the color differences in
the ocular fundus, lipemia retinalis is only
visible inthe non tapetal areas. The presence
of adark pigment behind the lipemic vessels
enhances the color contrast and permits
ready visualization of the lipemic vessels
while the vessels overlying the tapetal
retina appear normal (Aguiree and Gross,
1980). Like in humans, though infrequent,
complications like atherosclerotic vascular
diseases are reported in dogs and cats
also (Hess et al., 2002). Atherosclerosis,
when associated with diabetes mellitus
and hypothyroidism, may cause increased

permeability of the uveal vessels and
predisposes the animals to the development
of lipemic uveitis (LU) (Sottiaux, 1999).
Violette and Ledbetter (2019) in a study on
etiologies of LU observed that the severity
of LU may depend on the dog’s natural
predisposition to leak lipoproteins during
uveitis as well as the severity of ocular or
systemic disease.

e. Retinopathy

Diabetic retinopathy occurs when
there is poor glycemic control and its
diagnosis is often impossible due to early
developmentof cataract which limits fundus
examination (Engerman and Kern,1987). It
is the most common ocular manifestation
of DM and develops earlier in diabetic
dogs. The pathogenesis of this disorder
is most likely multifactorial metabolic
alterations secondary to the hyperglycemic
state, and micro vascular changes seen
with diabetes (Munana, 1995). It results
in development of retinal haemorrhages
and micro aneurysms (RH-MA) which
are considered as the markers of diabetic
retinopathy in dogs. Retinopathy is a
common finding in hypertensive cats with
concurrent renal failure or hyperthyroidism
and systemic hypertension. It is frequently
seen in geriatric cats with ocular signs of
bilateral intraocular hemorrhage, retinal
edema and detachment, development of
inner retinal ischemic spots (*“cotton-
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Fig. 1. Diabetic cataract
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Fig. 3. Uveitis with mild vascularisation of
cornea
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wool”) and vessel tortuosity, accompanied
by localized or generalized narrowing of
retinal arterioles (Boxtel, 2003). However
diabetic retinopathy in animals is not that
common as in humans (Landry et al.,
2004).

f.  Keratoconjunctival changes

DM may cause alterations in the
precorneal tear film and development of dry
eye or keratoconjunctivitis sicca (KCS).
It is linked to poor metabolic control and
peripheral neuropathy of lacrimal gland
innervation. Acinar cells of the lacrimal

Fig. 2. Lipemia retinalis. Retinal vessels appear
orange

Fig. 4. Corneal lipid infiltration along with
cataract.

Fig. 5. Horner’s syndrome in the left eye. Note
ptosis, miosis and third eyelid prolapse.

1



J. Indian Vet. Assoc. 18 (2) August 2020

Anoop et al. (2020)

gland need insulin to stimulate its secretory
component and its reduction may lead to
decreased tear production. Schirmer tear
test (STT) and mean tear film breakup
time (TFBT) values which are indicative
of basal tear production and quality of tear
film respectively, will be lowered in DM
patients (Cullen et al., 2005). Cheryl et al.
(2005) also studied the effect of DM on
tear production and observed that diabetic
cataracteous dogs have significantly altered
kertoconjunctival characteristics compared
to non cataracteous and non diabetic non
cataracteous dogs. KCS when occuring
along with reduced corneal sensitivity
makes the cornea prone for ulcer formation
and subsequent complications.

2. Hyperadenocorticism  (Cushing’s
disease)
Cushing’s  disease or  hyper-

adrenocorticism (HAC) often results in
ophthalmic consequences due to excessive
levels of corticosteroids. There will
be subsequent development of retinal
and corneal pathologies. Cushing’s
syndrome is common to some degree in
majority of human patients taking long
term corticosteroid therapy and ocular
manifestations include raised intraocular
pressure and exophthalmos (Chopra et al.,
2012). Though common in dogs, HAC
IS very rare in cats. The most common
ocular pathologies associated with HAC

are  hypertension induced changes,
hyperlipidemia, immunosuppression,
ectopic calcification, exophthalmos and
sudden acquired retinal degeneration

(SARD).
a. Hypertension induced changes

Retinal changes associated with
systemic hypertension is due to increased
hydrostatic pressure in choroid vasculature
which may result in haemorrhage, non
inflammatory swelling of the optic
nerve head called papilledema, retinal
detachment with sub retinal effusions
and retinal degeneration. Haemorrhage
that occurs may result in focal scarring
of the fundus and death of the involved
photoreceptors leading to formation of
blind spots (Plummer et al., 2007). Ocular
hypertension may also cause hyphema and
subsequent anterior or posterior uveitis

(Fig. 3).
b.  Hyperlipidemia

Primary hyperlipidemia has been
reported in certain breeds of dogs like
Miniature  Schnauzers, Beagles, and
Shetland Sheepdogs due to hereditary or
familial lipoprotein dysregulation (Bauer,
1995 and Sato et al.,, 2000). Whereas
secondary hyperlipidemiahasbeenreported
as acquired due to an underlying disorder
affecting lipid metabolism including
DM, HAC, and hypothyroidism (Barrie
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et al., 1993). Hyperlipidemia associated
with HAC may result in lipemic aqueous
humour and subsequent inflammation
which may alter blood - aqueous barrier.
Permeability of vessels increases which
leads to the leakage of lipoproteins and
results in turbidity of the aqueous humour
which is called lipemic aqueous humour.
When it occurs along with DM, there is
additional risk of development of cataract
and lens induced uveitis.

c.  Immunosuppression

Excess cortisol in circulation may result
in immunosuppression and may lead to
development of endophthalmitis. When
immune compromised, they are at risk for
infection by a variety of pathogens targeting
eye and may cause immune-mediated
lesions of the posterior uvea and retina and
occasionally the anterior uvea and cause
endophthalmitis. In addition, excessive
circulating cortisol places patients at risk
for ectopic calcification and impaired
vision (Plummer et al., 2007).

d. Ectopic calcification

Increased osteoclastic activity due
to HAC may lead to hypercalcemia and
metastatic calcification. There will be
calcium deposits in corneal stroma or
superficial cornea leading to horizontal
band of calcium crystals at palpebral fissure
called band keratopathy leading to keratitis

and corneal opacity (Ward, 1989). Laus et
al. (2002) reported a case of bilateral corneal
lipid and calcium degeneration in a 7-year-
old female Poodle with HAC and observed
that corneal degeneration may occur with a
deposition of lipids or calcium, or both in
hyperlipidemia associated with HAC.

e. Exophthalmos

Proptosis or exophthalmia is a
common ocular manifestation of Cushing’s
disease. In addition, there will be facial
nerve paralysis also. This exophthalmos
and facial paralysis may result in exposure
keratitis and subsequent corneal ulceration
(Aterman and Greenberg, 1953).

f.  Sudden acquired retinal degene-
ration (SARD)

It is a non-inflammatory retinal
syndrome where there is degeneration and
loss of photoreceptors cells in the retina.
It is more common in female dogs above
seven years of age. Though it is mostly
associated with Cushing’s syndrome, the
exact mechanism is still unclear. Often,
dogs with SARD are presented with acute,
bilateral blindness and initially have
normal results from a fundus examination
(Komaromy et al., 2016). Acute blindness
from SARD hasalso been related to diseases
of the pituitary-adrenal axis (Plummeretal.,
2007). It is a non-painful condition where
there is gene induced apoptosis happening.

13
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The condition should be differentiated
from optic neuritis and tumours at the optic
chiasm. Mattson et al. (1992) also reported
that animals that are presented with SARD
have systemic clinical signs consistent with
those of Cushing’s syndrome.

3. Hypoadrenocorticism (Addison’s
diseases)

Unlike Cushing’s disease,
hypoadrenocorticism (HOC) is very rare
in dogs and cats and may not cause much
ocular manifestations unless associated
with other conditions like hypercalcemia.
Naturally occurring HOC is an uncommon
canine disease and young, female dogs
are mostly affected. HOC, many a times
results from immune-mediated destruction
of adrenocortical layers, leading to
deficiencies of mineralocorticoids and
glucocorticoids (Klein and Peterson, 2010).
It is common in humans and the ocular
manifestations include ptosis, blepharitis,
blepharospasm, keratoconjunctivitis with
extreme photophobia, corneal ulcers,
episcleritis, cataract and papilloedema
(Langston, 2008).

4. Growth Hormone disorders

Growth hormone related issues are
very rare in dogs but common in cats.
Over secretion of growth hormone is seen
connected with adenomas of the pars
distalis of the pituitary gland whereas

in dogs, it is reported to be associated
with prolonged progesterone treatment
(Eigenmann and Haagen, 1981). Deficiency
of growth hormones and subsequent
pituitary dwarfism is ubiquitous in German
shepherd dogs. But Fracassi et al. (2014)
observed acromegaly from over production
of growth hormones in German shepherd
dogs and exophthalmos as its ocular
manifestation. Other common ophthalmic
manifestations are papilledema, systemic
hypertension, signs secondary to DM and
blindness. Deficiency of growth hormone
may result in lower levels of thyroid
stimulating hormone and secondary
hypothyroidism. The ocular manifestations
will be subsequent to hypothyroidism.
Blindness in cats subsequent to adenomas
of the pituitary gland depends on the size
and stage of the tumour.

5.  Hypothyroidism

Hypothyroidism is another common
endocrinopathy in dogs though rare in cats.
Ocular signs are rare unless associated with
hyperlipidemia or hyperlipoproteinemia.
Corneal lipid deposits and infiltrates or
lipid-laden aqueous humour and associated
uveitis are the most common ocular
manifestation of hypothyroidism (Fig.
4). Arcus lipoides corneae is common in
hypothyroid German shepherd dogs and
it appears as an opaque ring of crystalline
lipid deposits along and within the
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peripheral cornea near the limbus (Crispin,
1988). Hypothyroidism may result in some
neurological changes also due to segmental
demyelination and axonopathy. The most
common neuropathy associated with
hypothyroidism is facial nerve paralysis
and Horner’s syndrome (Fig. 6) (Kern et
al., 1989).

6.  Hyperthyroidism

Though very rare in dogs,
hyperthyroidism is seen very often common
in old cats and is mostly associated with
systemic hypertension. In dogs, malignant
neoplasm of the thyroid may cause
hyperthyroidism. There is a paucity of data
regarding ocular signs of hyperthyroidism
in dogs. The ocular manifestations of
hyperthyroidism in cats are associated with
hypertension which may even go above
160 mm of Hg (Stiles et al., 1994). There
will be acute loss of vision and the other
ocular changes are retinopathy with
detachments, sub-retinal effusion and
haemorrhage and hyphema (Maggio et al.,
2000).

7. Calcium disorders

Calcium disorders are very fre-
quently associated with the endocrinopa-
thies.

a. Hypocalcaemia

Hypocalcaemia can be caused

by a number of conditions, including
primary hypoparathyroidism, renal
failure, pancreatitis, eclampsia and C-cell
tumours that result in excess secretion of
calcitonin (Delmere and Paterson, 1981).
The characteristic ocular manifestation
with hypocalcaemia is cataract formation
with classic multifocal bilateral opaque
appearance in the lens (Bassett, 1998). The
main mechanism of the development of
cataract is due to the imbalance with the
active cation transport mechanism which
may bring about osmotic imbalance and
subsequent rupture of lens fibres leading
to cataract formation. (Evans and Kern,
1931).

b. Hypercalcemia

When an animal’s serum calcium
concentration established
normal levels, hypercalcemia occurs and
the possible reasons could be primary
hyperparathyroidism, hypercalcemia of
malignancy, HOC, vitamin D toxicity,
osteoclastic  diseases,
diseases, renal failure, or hyperthyroidism
(Feldman and Nelson, 2004). When there
is hypercalcemia there will be metastatic
calcification and development of band
keratopathy. There can be even deposits
in conjunctiva and other ocular and orbital
tissues, in addition to more traditional
locations, such as the skin, lungs, or renal
pelvises (Aurbach, 1985).

exceeds

granulomatous
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However, it is also important to
consider contributing problems, such as
renal failure and hyperthyroidism which
may not be directly attributable to the
elevated calcium concentration but may
result in ocular abnormalities.

CONCLUSION

Several of the endocrinopathies in
animals have ocular manifestations and
when ophthalmic disease is directly or
indirectly caused by an endocrine disorder,
treatment of the ocular signs is invariably
aimed at or facilitated by treatment or
control of the underlying cause. It is
essential for the practicing veterinarians
to be aware of the potential ocular
consequences of endocrinopathies so that
potentially painful or vision-threatening
problems can be addressed early, thereby
preventing more serious complications.
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