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Introduction

Diabetes Mellitus (DM) is an interesting and complicated systemic disease. The World Health
Organization (WHO) estimated that the global prevalence of DM would rise from 2.8% (171 million) to
4.4% (366 million) by 2030, with the most significant increases predicted in developing countries'. The
development of DM immediately increases the patient’s propensity to develop a number of irreversible acute
and chronic complications. For example, impaired glucose tolerance and diabetic ketoacidosis are acute
complications while chronic complications include macrovascular and microvascular anomalies. The
macrovascular complications include cerebrovascular disease, coronary heart disease, and peripheral
vascular disease. The microvascular complications include diabetic retinopathy (DR), diabetic neuropathy,
and diabetic nephropathy*°.

With the increase of prevalence in DM, the ocular manifestation of DM namely diabetic retinopathy
(DR) will probably be the most frequent manifestation of a systemic disease encountered in primary-care
optometry. Optometrists form part of the multi-disciplinary team aiding diabetic care. They are also often
the first to examine patients with undiagnosed DM, or asymptomatic DR and diabetic macular edema
(DME)*>. This possibly is even more so in South Africa, where optometrists are probably the most
accessible eye care professionals to the public. General hospitals, clinics, and non-government organizations
providing eye care are limited (approximately 25 government clinics to cater for 32 million people) and have
very few optometrists and ophthalmologists available®.

In this paper the international and WHO definitions, classification and visual aspects of DM, DR and
DME are presented. The ocular associations of DM and the visual aspects of DR and DME are also
discussed. This information can be used to more accurately identify DM, DR and DME in high risk
individuals.

Definition of Diabetes Mellitus (DM)

The World Health Organization defines DM as a metabolic disorder of multiple etiologies characterized
by chronic hyperglycemia (raised glucose concentration) with disturbances of carbohydrate, fat and protein
metabolism resulting from defects in insulin secretion, insulin action, or both’.

Classification of DM
Diabetes mellitus is classified into:

1. Type 1, or insulin dependent diabetes mellitus (IDDM);

2. Type 2, or non-insulin dependent diabetes mellitus (NIDDM);
3. Gestational diabetes mellitus (GDM), and

4. Other specific types of diabetes mellitus’.

*This paper is based on work by the first author for the degree MPhil in the Department of Optometry of the University of Johannesburg with the
supervision of Professor A Rubin.
Received 5 July 2007, revised paper accepted 1 September 2007

The South African Optometrist — September 2007 a3



Definition, classification and visual aspects of diabetes mellitus, diabetic retinopathy and diabetic macular edema: A review of
literature

1. Type I DM: Insulin dependent diabetes mellitus (IDDM)

Type 1 DM is divided into autoimmune and idiopathic DM. Both these types of DM result in insulin
dependence and loss of pancreatic beta-cells (B-cells)” *. The loss of these cells occurs gradually and few
clinical symptoms present initially but acute episodes of diabetic ketoacidosis and hyperglycemia often
result in initial diagnosis, particularly in children and adolescents. These patients may also have other
autoimmune disorders such as Graves’ disease, Hashimoto’s thyroiditis, and Addison’s disease’.

Type 1 autoimmune DM, is caused by B-cell dysfunction and/ or destruction. This leads to the loss of
insulin secretion and absolute insulin deficiency. The etiology of B-cell dysfunction and destruction is still
not well established. However, markers of P-cell dysfunction include islet cell auto-antibodies; auto-
antibodies to insulin; and auto-antibodies to glutei acid decarboxylase®™'’. When these cells are damaged
slowly and incompletely, it is known as latent autoimmune DM (LADA). This is a slowly progressive form
of Type 1 DM in adults, which masquerades as Type 2 DM™ ',

Idiopathic Type 1 DM occurs in patients who have insulinopenia and are prone to diabetic ketoacidosis,
but have no evidence of autoimmunity. These patients periodically develop diabetic ketoacidosis’.

It has also been reported that both genetic susceptibility and environmental factors may account for the
pathogenesis of all Type 1 DM. Various environmental triggers include viruses such as mumps and chicken
pox, but thus far only congenital rubella syndrome has been conclusively associated with the disease’”.

Insulin remains the main treatment in Type 1 DM, with islet transplantation and new immunosuppressive
regimens as alternatives’”.

2. Type 2 DM: Non-insulin dependent diabetes mellitus (NIDDM)

Type 2 DM is a heterogeneous disorder, characterized by genetic and non-genetic factors as well as by
an interaction between insulin resistance and pancreatic p-cell dysfunction” '%. The non-genetic factors of
Type 2 DM include increasing age, high calorie intake, obesity, central adiposity, sedentary lifestyle,
pregnancy, and low birth weight® > °.

The diagnosis of Type 2 DM usually occurs after the age of 40 years, although recently it has been found
in younger children due to factors such as lack of exercise and obesity. Patients with Type 2 DM are
frequently undiagnosed for many years because hyperglycemia is not severe enough to provoke very
noticeable symptoms. Such patients are at a higher risk of developing macrovascular and microvascular
complications” 2.

The following additional complications are experienced in Type 2 DM patients:

1. Acute hyperglycemia that causes patients to experience diabetic shock.

2. Diabetic ketoacidosis, which is more common in Type 1 DM, only arises in association with stresses

of another illness such as an infection in Type 2 DM; and

3. Hyperglycemic hyperosmolar syndrome, which commonly develops in elderly Type 2 DM with

progressive dehydration and hyperglycemia developing within days to weeks”* ',

Life style modifications, regular monitoring and compliance to treatment regimens are aids that improve
glycemic control, and in turn reduce the development and progression of complications' .

3. Gestational diabetes mellitus (GDM)
GDM is a state of carbohydrate intolerance that develops during pregnancy. Women who develop Type
1 DM during pregnancy and women with undiagnosed asymptomatic Type 2 DM that is discovered during
pregnancy are classified with GDM. GDM excludes women who have DM before they become pregnant” ™.
GDM may be viewed as:
1. An unidentified pre-existing disease, or
2. The unmasking of a compensated metabolic abnormality caused by the added stress of pregnancy,
or
3. The dgirect consequence of the altered maternal metabolism stemming from the changing hormonal
milieu”.
Formal systemic testing for GDM is usually done between 24 and 28 weeks of gestation (the end of the
second trimester, and more commonly in the third trimester of pregnancy). GDM is asymptomatic, except
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when it is severe. High risk individuals include older women, those with a previous history of glucose
intolerance, positive family history, obesity and any pregnant women who have elevated fasting, or casual
blood glucose levels. Hyperglycemia resolves in most women after delivery but it also places them at
increased risk of developing type 2 DM later in life. Early clinical recognition of GDM is important because
there is an increased risk of delivery complications, and offspring are also at risk of macrosomia (birth
weight in excess of 4 kg), congenital abnormalities, and perinatal mortality”® '* ',

4. Other specific types of DM

These groups of DM include various etiologies in which the cause is established or at least partially
known. The causes include known genetic defects of B-cell function or insulin action; diseases of the
exocrine pancreas, drug, or chemical induced pancreatic changes; infections; genetic syndromes and other
endocrinopathies. They also include diseases and conditions in which the incidence of diabetes is elevated,
but a precise etiology is unknown”®.

Ocular associations of DM

Common ocular associations of DM include cranial nerve palsies, poor corneal healing, decreased
corneal sensitivity, open angle and neovascular glaucoma, iridoplegia, poor pupillary dilation, cataracts,
refractive error shifts, DR, central retinal vein occlusion, and optic nerve papillopathy'" .

Cranial nerve palsies

Cranial nerve palsies of the sixth, and more commonly third nerve, are usually associated with DM.
Fourth nerve palsy is rare and may be seen with the third nerve palsy. These palsies are more prevalent in
Type 2 DM patients over the age of 50 years. The onset occurs suddenly, with progression of the deficit
lasting 1-2 days and full recovery over three to five months. In half the cases, the onset is associated with
retro-orbital, or frontal pain, with the key feature of pupillary sparing. No specific treatment is required,
other than prismatic or other compensation for diplopia as the ptosis recovers'” '*. However, in a study
conducted by Trigler et al, the presence of DR in Type 2 DM patients (N = 2229) with central nerve three,
four, and six palsies, were significantly less compared to their controls. This result indicates a poor
association between DR in Type 2 DM and diabetic ophthalmoplegia'.

Decreased corneal sensitivity and healing

The cornea is the most densely innervated part of the human body. In DM, increased glucose
concentration in the cornea causes degeneration of small nerve fibres. This results in decreased corneal
sensitivity, and changes in corneal nerve tortuosity™. The pathogenesis underlying these conditions includes
suppressed cell division, altered barrier function, and deterioration of basal cell adhesion”®**. Generally, the
corneal epithelium is maintained in diabetics, and corneal manifestations such as diabetic keratopathy, dry
eye, or advanced keratoconjunctivitis sicca, only follow after corneal insults, such as intra-ocular surgery or
mechanical injury”'.

A further study reported that diabetic neuropathy of the cornea might also be an indicator of DR and
other microvascular complications®. Morishige et al studied the corneal abnormalities in the basement
membrane of 65 Type 2 DM subjects with different stages of DR, and compared them to 18 control subjects.
Examination of the corneal layer did not show any marked differences in morphology, but the light
scattering index of the basement membrane increased significantly greater than for the control subjects, and
increased with the stages of DR. However, additional studies are required to determine if this non-invasive
technique is sensitive enough to accurately assess the severity of diabetic complications®.

Neovascular and Primary Open Angle Glaucoma (POAG)

Glaucoma has been recognized by the WHO as one of the leading causes of blindness worldwide. It is
the second leading cause of blindness in South Africa’. Compounding the problem are reports suggesting
that neovascular glaucoma and POAG are more prevalent in DM'®***°. However, other studies have shown
no association between the two conditions””>’. Neovascular glaucoma is a complication of rubeosis iridis or
iris neovascularization, where the patient usually presents with a chronically red painful eye'®. It appears
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mainly in proliferative DR (PDR) and after vitrectomy. Usually these patients present with acuities less than
20/200 and IOP often exceeds 60 mmHg".

POAG is characterized by an IOP over 21 mmHg, an open anterior chamber angle, glaucomatous
cupping, nerve fibre layer defects, and visual field loss'®. Part of the controversy regarding the prevalence of
POAG in DM exists because of variation of definitions in the above parameters. Zeiter and Shin** reviewed
charts of 144 randomly selected patients from a large glaucoma practice and found a statistically significant
prevalence of DM (p = 0.0096) in patients with mainly inferior visual field defects in one or both eyes with
POAG. Supporting evidence reported in the 20-year Nurses Health Study, where 76 318 women, at least 40
years of age and without POAG, were recruited. Researchers positively associated Type 2 DM with POAG,
with almost twice the relative risk”>. Additionally, POAG is said to be six times more prevalent in Blacks (in
certain age groups), and POAG appears and progresses approximately 10 years earlier in Blacks than in
Whites*®. However, population based studies like the Baltimore Eye Study®*, The Rotterdam Study”’, The
Visual Impairment Project”, and the Diabetes Audit and Research in Tayside study® all found no
association between POAG and DM.

Pupillary abnormalities

Clinical evaluation of the pupil provides information about the integrity and function of the iris, optic
nerve, the posterior visual pathways and the third cranial and sympathetic nerves to the eye. For example,
size (abnormality considered if pupils differ more than 0.5 mm in size, in light or dark conditions,
constricted or dilated) and response abnormalities can be indicative of neurological defects (such as ptosis),
lesions in afferent (retina or optic nerves) and efferent pathways (third and sympathic nerves™).

Poor pupillary dilation, tonic pupillary response (partial iridoplegia) and anisocoria result from
autonomic neuropathy involving sympathetic nerve tissues in the iris with DM'"*%. Some authors as early as
1967 reported recognizable changes in pupil reactions with DM™. For example, pupilographic analysis by
Friedman et al’® indicated that 8 of 22 DM subjects revealed abnormalities such as spastic miosis, and
sluggish reaction to light. They also found that the mean latency period of pupillary contraction was
significantly longer in subjects with advanced peripheral neuropathy. More recently™, 76% of 332 Type 1
DM adolescents with mean DM duration 8.9 years were reported to have pupillary abnormalities (small
initial pupil diameter, reduced reflex amplitude, and slow maximum constriction velocity). These limited
reports conclude that pupillary abnormality is an important indicator of diabetic neuropathy.

Cataracts

In a summation of various studies there was evidence of an established relationship between DM and
cataracts’’. Other studies reported a higher prevalence, and incidence (up to 50%) of cataracts in DM
patients compared to non-diabetics'®** 3>, Approximately 4% of all cataracts are attributed to DM>*.

DM is associated with mainly two types of cataracts, the senile cataract and the true diabetic cataract'®,
The diabetic cataract is further classified into cortical and posterior sub-capsular opacities''>**°. In cortical
cataracts, opacities spread along lens fibres from the equator to the center of the lens, whereas in the
posterior type, opacities occur in front of the posterior lens capsule. This is due to the posterior migration of
the epithelial cells of the lens'®**. The causes of these lens opacifications are primarily due to
insolubilization of crystallines (for example proteins, Ca™+, fructose, sorbitol), and osmotic overhydration of
the lens'"* "%,

The possible associations between various risk factors (blood pressure, body mass index, serum lipids,
and smoking) and cataracts have been inconsistent. Excessive UV-B exposure and DM are casual risk
factors of cortical cataracts; and steroidal treatment, DM, and ionizing radiation for posterior sub-capsular
cataracts™*.

Accurate information regarding incidence and risk factors for diabetic cataracts is important to prevent
visual impairment. Although in South African the main cause of blindness is age related cataract, the
percentage of these people with DM is not well known®.
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Central retinal vein occlusion (CRVO)

CRVO is categorized into nonischemic (venous stasis occlusion) and ischemic (hemorrhagic) CRVO.
There are very limited studies reporting on the prevalence or association of DM to CRVO. Approximately
15% of patients with CRVO will have DM''. More precisely it has been reported that ischemic CRVO is
significantly prevalent in subjects with DM (p = 0.11) and arterial hypertension (p = 0.025). This prevalence
increases further in the combined CRVO and hemi-central retinal vein occlusion group (DM: p = 0.005,
arterial hypertension: p = 0.02). However, the authors concluded that the pathogenesis of CRVO is a
multifa3c6torial process and that the presence of a systemic disorder may or may not be a risk factor for
CRVO™.

Diabetic papillopathy

Optic disc swelling occurs rarely in DM, and is reported in about only 0.4% of the diabetic population®’.
Diabetic papillopathy is often bilateral, asymptomatic, and is more frequently found in long standing
juvenile diabetics'"**. Patients usually present with initial moderate reduced visual acuity, enlarged blind
spots and approximately 70% present with macular edema®®. Disc swelling and recovery of visual acuity
often recovers within 90 days without any specific treatment'" *°. Although studies do not necessarily
associate diabetic papillopathy with DR, after a review of case studies it was concluded that subjects with
diabetic papillopathy should be monitored closely for the presence or development of proliferative diabetic
retinopathy (PDR)>’,

Definition of Diabetic Retinopathy (DR)

DR is composed of a characteristic group of lesions found in the retina of individuals having had DM for
several years. The functional ocular sequelae may involve a blind, painful eye or enucleation. The
development and progression of DR is often asymptomatic, and symptoms only occur if new vessels bleed
(which is painless, unless the blood migrates to the anterior chamber of the eye), causing vision to be
obscured. The presence and severity of DR may reflect, in varying degrees, complications of diabetes in
other organs™.

Classification of DR: The International DR Disease Severity Scale

The International Clinical DR and DME Severity Scales are used in this paper to classify the various
stages of retinopathy. This classification was proposed during an International Congress of Ophthalmology
in Sydney in April 2002, with the aim to provide a consistent international classification system. This would
then improve communication between optometrists, ophthalmologists, physicians and other eye care
providers regarding severity of retinopathy. The diagnostic classification of DR includes the following
stages: no apparent DR; mild non-proliferative DR; moderate non-proliferative DR; severe non-proliferative
DR; and proliferative DR. The stages and observable findings are detailed in Table 1 below™'.

Table 1. The classification and observable findings of DR according to the Diabetic Retinopathy Severity Scale
(Reproduced with permission from Willkinson et al, and The Global Diabetic Retinopathy Project Group, 2003).

Disease severity level Abbreviations Observable findings

1. No Apparent DR NADR No abnormalities

2. Mild Non-Proliferative DR Mild NPDR Microaneurysms only

3. Moderate Non-Proliferative DR Moderate NPDR More than just microaneurysms but less than severe
nonproliferative DR

4. Severe Non-Proliferative DR Severe NPDR Any of the following:
- More than 20 intraretinal hemorrhages in each of 4
quadrants

- definite venous beading in 2+ quadrants

- prominent intraretinal microvascular
abnormalities in 1+ quadrant

- No signs of proliferative DR

5. Proliferative DR PDR One or more of the following:
- neovascularization
- vitreous/ preretinal hemorrhage
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Definition of DME
DME is defined as the presence of any retinal thickening or hard exudates within one disc diameter
(1500 um) of the center of the fovea, or one disc diameter from the center of the macula'®.

Classification of DME: The International DME Disease Severity Scale

According to the DME Disease Severity Scale*!, the condition is classified into absent, mild, moderate,
and severe DME (Table 2). Mild DME occurs when there is some retinal thickening or hard exudates in the
posterior pole distant from the macula. Moderate, where retinal thickening or hard exudates are approaching
the center of the macula, but not involving the center, and severe where retinal thickening and hard exudates
involve the center of the macula®'.

Table 2. Classification of DME according to the DME Disease Severity Scale. (Reproduced with permission
from Willkinson et al, and The Global Diabetic Retinopathy Project Group, 2003).

Severity Level Observable findings

DME apparently absent No apparent retinal thickening or hard exudates in posterior pole.

DME apparently present Some apparent retinal thickening or hard exudates in posterior pole.

If DME is present, it can be categorized as follows:

Mild DME Some apparent retinal thickening or hard exudates in posterior pole but distant
from the center of the macula.

Moderate DME Retinal thickening or hard exudates approaching the center of the macula but not
involving the center.

Severe DME Retinal thickening or hard exudates involving the center of the macula.

Aspects of vision loss in DR and DME

According to the WHO International Classification of Visual Standards, four main aspects of visual loss
can be identified (Figure 1). Two aspects refer to the organ system, and the other two to the individual*. The
organ system is divided into structural and functional changes, where medical and surgical interventions
minimize structural impairments of various disorders. In vision, the term visual function is used to refer to
the impairment aspect. This is assessed quantitatively, for example by visual acuity (VA), contrast
sensitivity (CS), colour vision (CV) et cetera. Here intervention of visual aids or devices can help improve
the ability to perform various activities. The remaining two aspects refer to the individual, and are divided
into skills and abilities, and social consequences of the person. The term functional vision is used in this
aspect to refer to visual abilities as they are needed for the proper performance of Activities of Daily Living
(ADL), which is measured by questionnaires. Education, training, and work place adaptations help reduce
the social and economic impact of the loss of abilitv. Intervention at various stages makes rehabilitation
possible and can predict changes from one aspect to another to a certain extent.

The Organ The Person
T~ g ~a

Aspects: Structural Functional Change ADL Social
Terms: Health Condition =~ Organ Function Skills/Abilities Participation
Limitations: Disorder/Injury Impairment Ability loss Handicap
VISION: Eye Health Visual f unction Fi unctionai Vision
TESTS: VA, CS, CV Questionnaires on ADL skills
Interventions: Medical/Surgical Visual Aids/Devices Education/Training

Figure 1. The four main aspects of vision loss classified into terms, limitations, application to vision, performance tests
and interventions. ADL: Activities of Daily Living; VA: visual acuity; CS: contrast sensitivity; CV: colour vision. The
table has been adapted from the WHO, International Classification of Visual Standards (2002).
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Visual Acuity (VA)

Direct comparison of studies that have reported the prevalence and effects of DR and DME with regard
to ranges of acuity loss are difficult, due to lack of uniformity in acuity definition and other methodology.
However, the following few studies do provide some valuable information regarding VA loss associated
with DR and DME. In the USA, visual impairment is defined as having the best corrected VA of < 6/12 and
blindness as VA < 6/60 in the better seeing- eye®. In the American National Health Interview Survey, DR
was reported as one of the leading causes of visual impairment and blindness. The others being age-related
eye diseases®. The only other country that reported such extensive loss of vision due to DR and DME was
India where Rema, Ponnaiya and Mohan™ reported decreased visual acuity due to DR in 44.5% in a cohort
of 1 062 visually impaired Type 2 DM subjects, with DME accounting for 78.8% of the decrease in VA
among the diabetes related causes.

Conversely, smaller independent clinical studies in the USA®, Sweden™, Nigeria47 and the United
Kingdom Prospective Diabetes Study (UKPDS)* showed that the prevalence of visual impairment (between
12%-40%) and blindness (between 3%-25%) caused by DR and DME in diabetic patients to be variable, and
results depended on the size of the samples, which were sometimes small.

The Wisconsin Epidemiological Study of Diabetic Retinopathy (WESDR) is probably the most reliable
study reporting visual loss in the diabetic population because it was primary care based, it had an adequate
sample size, a lengthy follow up, and they used standard protocols for measuring VA. The cumulative 14-
year incidences of visual impairment, doubling of the visual angle and blindness were reported at 12.7%,
14.2% and 2.4% respectively. The doubling of visual angle was further associated independently with DR,
glycated haemoglobin (HbAlc), proteinuria and age®. Additionally, in the Early Treatment Diabetic
Retinopathy Study (ETDRS) randomized controlled clinical trail, demographic, clinical, and laboratory
characteristics of 3 711 subjects were assessed. Of these 1 444 subjects were diagnosed with Type 1 DM and
2 267 with Type 2 DM. Results of this study revealed the most astounding association between VA (using
standardized ETDRS letter charts at 4 and 1 metres where necessary) and mortality in both Type 1 and Type
2 DM subjects. They reported that amputation and poor VA remained statistically significantly associated
with mortality in patients with Type 1 DM>’. Additionally, visual impairment and not the degree of DR were
related to mortality. In Type 2 DM all complications including DR and VA were independently associated
with mortality even after baseline risk factors were controlled.

In summary, we can conclude that VA does deteriorate significantly with increasing severity of DR and
more so with DME. Additionally there is a possibility that VA in diabetics might be independently related to
mortality. However, consistent estimates of vision loss d1e to DR and DME are as yet undetermined.

Refractive Status

Shifts or fluctuation in refractive status in DM are often acute and relate to the levels of hyperglycemia
present. Accumulation of water in the ocular lens and the amount of sorbital by-products alters the refractive
indices of the eye. Changes in the tear layer and cornea of diabetics may also be additional factors. The
stability of refractive status is determined largely through the stability of the serum glucose and fluctuation
of less than 80-100 mg/dl for the serum glucose levels over a three to four week period is recommended for
stabilization of refractive error''. In the Beaver Dam Eye Study’' the 10-year change in spherical equivalent
refraction was determined in 2 937 subjects. They concluded using a multivariate model that the presence of
DM tended to cause a larger shift in hyperopia. The Visual Impairment Project (Australia) defined myopia
as a best corrected minus spherical equivalent power greater than —0.50 D. McKay, McCarty and Taylor
reported that myopia was not significantly correlated with DR*. Similarly, Espiritu and Sy, found no
significant association between DME and myopia (p = 0.742) %,

Contrast sensitivity

Contrast sensitivity has been shown to provide psychophysical information regarding visual function
detecting subtle or insidious disease processes which may have not affected visual acuity as clinically
measured. Measurements of contrast sensitivity can also be used to monitor the course of a disease and can
be used to understand how patients with reduced contrast function when engaged in various visual
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activities®"" >. Although both hue discrimination and contrast sensitivity reflect macula function, their exact
physiological relationship to DR and DME has not been fully explained™.

There is evidence regarding the association between abnormal contrast sensitivity and the presence
of DR>* *. There seems to be evidence that a significant increase in contrast sensitivity thresholds is more
marked in subjects with PDR and thresholds are also elevated significantly in the background DR group
when compared to those without DR**. Another study found an association at 6 cycles per degree (c/d)
between contrast sensitivity and the grade of DR®. However, Arend et al, reported abnormal contrast
sensitivity to spatial frequencies of 6 and 12 c¢/d in DM subjects with VA 20/25 or better and without clinical
significant macular edema’”.

Unfortunately the variety of measurement procedures, the calibration required and the equipment used
sometimes preclude direct or simple comparisons of the results from different studies. These studies indicate
that contrast sensitivity might be a sensitive indicator of early visual impairment and should be used in
conjunction with other tests to identify early DR and DME.

Colour vision

DM has been associated with the acquisition of a specific type of color defect involving the blue-yellow
(tritan-like) system. Reports of colour vision suggest that the short wavelength-sensitive cone systems are
more susceptible to damage in a variety of retinal disease where changes are more confined to alterations of
the inner retina®® >’

It is well documented that patients with Type 1 DM can show alterations in their colour perception even
before the onset of DR™ ®°. In the ETDRS, approximately 50% (approximately 1 350) of patients at base
line had abnormal hue discrimination. DME severity, age, and the presence of new vessels were factors most
strongly associated with impaired colour discrimination®. These authors, using the FM-100 hue test, also
reported increased correlation between severity of macula edema with total error scores, resulting in more
prominent tritan defects. In another study after cluster analysis of the Fourier series derived from the FM
100-hue test, 13 patterns of impaired hue discrimination were found®'. A tritan defect was observed in 26%
of subjects, 10% had a generalized decrease in hue discrimination, and the remainder had a combination of
tritan- and deutan-like defects or protan- and tritan-like defects. These results represent, for example, male
subjects with congenital red-green defect, along with tritan changes caused by DME®'

Intra ocular pressure (IOP)

Very few studies have assessed the relationship between DM, hyperglycemia, DR and IOP
instance, in a cross-sectional study, Oshitari® divided DM patients into mild (HbAlc < 6.5%), moderate
(6.5 < HbAlc < 8%) and severe (HbAlc > 8%) hyperglycemia groups. None of these patients had DR,
secondary glaucoma or a history of glaucoma. Results indicated that the mean IOP in the mild group was
statistically lower than that of the severe group (p = 0.013). They concluded chronic hyperglycemia is
associated with increased IOP. Other studies associated low IOP with DR and haemorrhagic glaucoma
respectively” . Madsen showed that IOP fell in parallel with the development of DR®. He classified DR in
the following stages: no proliferation, naked vessels, connective tissue and dense vascular proliferation
(active stage), dense connective tissue with contracture and decrease in vascular system (regression stage)
and fundus not seen. Significant differences were seen :n. stages of no proliferation and active stage
(p < 0.01), and regression stages (p < 0.001) and between naked vessel and active stage (p < 0.05),
regression stages (p < 0.01). Additionally he found that in some cases, hypotonia was followed by
neovascularization of the iris and anterior chamber, and subsequently by haemorrhagic glaucoma. Similarly,
Soares et al, significantly associated optic disc haemorrhages in glaucoma with the presence of DM, and
relatively lower IOP during follow-ups visits™.

These studies suggest that an increased IOP might be observed in DM patients with chronic
hyperglycemia, but a lower IOP in DM patients with DR and haemorrhagic glaucoma is also likely.

25, 62, 63 For
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Activities of daily living: quality of life

Quality of life is defined as a multidimensional concept including physical (disease symptoms and their
treatment); functional (mobility, quality of life, activity levels); social (interpersonal relationships), and
psychological (emotional status, cognitive function, and happiness) dimensions. Of these, functional
limitation is one of the most important measurements, as it represents the impact of visual impairment on
individuals in their daily lives®’. This has led to the development of numerous questionnaires which
primarily aim to identify these restrictions in daily living participation caused by visual impairment (in this
case visual impairment caused by DR or DME). By identifying these impairments, strategies and
interventions can be implemented to improve, and monitor rehabilitation®* .

Diabetic persons encounter a unique set of visual challenges, for example, using colour to identify
glucose levels, visual fluctuations, and determining correct insulin dosage levels®®®®. Therefore, optometrists
can also aid in providing visual rehabilitation information to assist patients in optimizing their remaining
vision. For example, if one of the main visual needs is being able to read a newspaper or to read insulin
dosages, ruler type magnifiers or clip-on magnifiers can be prescribed. For monitoring blood glucose levels,
meters with large print displays or audible read outs can be made available. Lastly because vision loss can
contribute to the onset of depression, counseling can also be beneficial for these patients, especially in
support groups that provide an encouraging atmosphere®. The aim therefore is to identify specific areas that
vision rehabilitation services can target.

Only one questionnaire, the Retinopathy Treatment Satisfaction Questionnaire (RetTSQ), was aimed
specifically at the diabetic person, but only for the evaluation of currently available and anticipated new
therapies®’. Only two studies recruited subjects with DR, the one using the National Eye Institute Visual
Function Questionnaire and the other, the Impact of Vision Impairment Questionnaire (IVI)"™ ", In a cross
sectional population based study of 4 774 participants, with the use of the National Eye Institute Visual
Function Questionnaire subjects with DR reported low scores in near and distance tasks, which were not
attributed to decreased visual acuity’’. Contrast sensitivity, glare sensitivity, and colour vision were factors
that might have contributed to these scores. These DR subjects also showed a significant decrease in driving
scores, compared to subjects with no eye disease’. In the IVI questionnaire the greatest restriction of the 45
DR subjects with VA worse than 6/12, were found in the leisure and work, mobility, and consumer and
social interaction domains’".

Conclusion

The aim of this paper was to present a literature review of current definitions, classifications and visual
or ocular aspects of DM, DR and DME. It is suggested that the WHO classification of DM, and the
international classification of DR and DME be used in further studies. This would firstly, allow for direct
comparison of results between both local and international studies, and secondly, provide better
communication between optometrists, ophthalmologists and other health care providers regarding DR
severity.

The review on the various ocular associations of DV, and visual aspects of DR and DME can be used to
form visual profiles which can aid in identifying and managing DR and DME. For example, a 40-year old
patient with reduced contrast sensitivity and VA presenting with POAG should be evaluated for the presence
of DM and/or DR and DME. Additionally, optometrists and ophthalmologists can provide some visual
rehabilitation education to improve quality of life for these patients. For example, by informing patients to
clear obstacles and pathways, or to paint white lines on the edge of steps, or to add handrails which would
all ease orientation and mobility.

This review also highlights the need for further research required in both ocular and visual aspects
regarding DR and DME, especially in South Africa.
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