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The Relation between High Myopia and Diabetic Retinopathy
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Abstract

Background: The prevalence of myopiais growing world-
wide, and myopia is becoming a major epidemiological
problem. A higher prevalence of myopia has been observed
in people with diabetes compared with people without diabetes
and poorer glycaemic control considered to be arisk factor.

Aim of Sudy: To determine the relation between High
Myopiaand Diabetic Retinopathy and to detect whether high
Myopes are self-protected against diabetic changes and diabetic
retinopathy or not.

Patients and Methods: The study included 140 eyes from
96 diabetic patients recruited from National Institute of
Diabetes and Endocrinology in the Ophthalmic Clinic. They
were classified according to the refractive status into four
groups. Emmetropia (0.00 to —0.50 { DS} ), Low Myopia
(-0.50 DSto —3.0 DS), Moderate Myopia (3.00 DS to -5.00
DS) and High Myopia (more than —5.00 DS). High myopia
(70 eyes of 41 patients), moderate myopia (10 eyes of 7
patients), low myopia (39 eyes of 29 patients) and emmetropia
(21 eyes of 19 patients).

Results: Total male patients represent 52.08% and females
46.92% in our study. There were statistically significant
difference between groups as regard mean of refraction. Mean
of refraction represented by Spherical equivalent among
groups (Emmetrope, high myope, mild myope and moderate
myope) was (2.08+0.495, 14.94+3.73, 3.23+0.642, 5.505+0.41)
respectively. From our results the frequency of NPDR totally
was 70 eyes (50%) and no DR was 70 eyes (50%). All high
myopic eyes (70 eyes) showed no DR and all eyes of other
groups which are totally (70 eyes) showed DR with its different
grades. All high myopic eyes (70 eyes of 41 patients) had no
DR in their fundus photograph while (low myopic, moderate
myopic eyes and emmetropic eyes (39, 10, 21 eyes) respec-
tively showed DR with its different grades: Low myopic eyes
(39 eyes of 29 patients) showed moderate NPDR, the moderate
myopic eyes (10 eyes of 7 patients) showed mild NPDR and
the emmetropic eyes (21 eyes of 19 patients) showed severe
NPDR. There were statistically significant difference between
groups as regard severity of diabetesin which p-value <0.005.
From our results as the degree of myopiaincreases the severity
of DR decreases.
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Conclusion: Thereis a protective role for high myopia
against DR.

Key Words: Myopia — Diabetic retinopathy.
Introduction

MY OPI A has been identified as aleading cause
of visual impairment and blindness [1] . It has many
classifications; one of them is by etiology. Refrac-
tive myopiais caused by the increase of the power
of the eye either by increased curvature of refractive
media of the eye as cornea and lens or index myopia
caused by increase in the index of the refractive
mediaasin nuclear sclerosis of the lens [2].

Another classification is by degree into: Low
from —0.25 to —3.00 Diopters (D), medium from
3.00 to —6.00 D and high more than —6.00 D [3].

In high myopia, near vision is also affected as
objects must be extremely close to the eyesto see
clearly [4].

Myopic eyes with a spherical equivalent more
myopic than —6.00 (D) or an axial length longer
than 26mm are defined as high myopia [2].

High myopia associated with posterior staphy-
loma and degenerative changes (eg, progressive
chorioretinal atrophy) is characterized as Pathologic
Myopia (PM) or degenerative myopia. PM is asso-
ciated with pathologic features (eg, tessellated
fundus, diffuse or patchy chorioretinal atrophy,
macular atrophy, lacquer crack, Fuchs spot, choroi-
dal neovascularization, posterior staphyloma [4] .

Thereis an increasing evidence that myopia
has a protective association with Diabetic Retin-
opathy (DR). Researchers have hypothesized that
thisis due to axial elongation of the myopic eye,
leading to decreased blood flow and reduced met-
abolic demands, thus decreasing the impact of
diabetes induced microvascul ature changes. How-
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ever, it is still unclear whether the protective asso-
ciation of myopiawith DR reported in earlier
studiesisrelated to the axial dimensions of the
eye or to other refractive components of myopia,
such as Corneal Curvature (CC), some studies has
investigated the impact of myopia and ocular bio-
metric parameters on Diabetic Macular Edema
(DME), which can occur at any stage of DR [5].

Diabetes is one of the serious diseases world-
wide. It occurs when excess sugar builds up in the
blood either because not enough amount of insulin
is produced by the pancreas or the body does not
use the insulin it produces correctly [6].

According to the International Diabetes Feder-
ation, an estimated 415 million adults ended up
developing diabetes in 2015, in which more than
one third would develop DR [7].

DR is one of the most common diabetic com-
plications, which has become aleading cause for
vision loss, mainly because of macular edemaand
vitreous hemorrhage. DR is categorized into two
stages, Non Proliferative Diabetic Retinopathy
(NPDR) and Proliferative Diabetic Retinopathy
(PDR), based on the presence of neovascularization
or vitreous hemorrhage [8].

The presence of cotton wool spotsin retinal
Images indicates advancing retinal non profusion
and progressive ischemia. Progressive retinal
ischemiaisthe signal to the development of retinal
neovascularization, which is one of the most serious
cases of PDR and frequently leads to the vision
impairment and blindness. Moreover, CWSs are
associated not only with DR but also with other
diseases such as hypertensive retinopathy, embo-
lism, ischemia, and neoplasticity, as well as con-
nective tissue and infectious diseases. The detection
of CWSsisacritical task to grade the severity of
DR [9].

In the fundus image, CWSs can appear isolated
or with other pathological signs such as hard exu-
dates, microaneurysms, or hemorrhages [10].

The presence of new blood vesselsis called
neovascularization, it isasign caused by the later
stages of DR, and it may lead to irreversible loss
of vision [10].

Aim of the study:

The aim of our study is to determine the relation
between high myopia and diabetic retinopathy and
to detect whether high myopes are self protected
against diabetic changes and diabetic retinopathy
or not.

Patients and M ethods

The comparative cross sectional study was
conducted on diabetic patients recruited from Na-
tional Institute of Diabetes and Endocrinology in
the Ophthalmic Clinic and Ain Shams University
Hospital.

Data were collected during the period of January
2019 to December 2019.

Inclusion criteria:

* Diabetic patients (type | on insulin and type 11
on oral drugs) uncontrolled.

* Age between 40-65 years old.

* Diabetic duration 5-10 years.

* Clear view of the retina.

* Myopic and Emmotropic patients.

Exclusion criteria:
 Eyes with advanced cataract and unclear media.

» Patient with history of any vitreoretinal surgery.

* Patient with history of retinopathy due to any
other cause as hypertension or vascular diseases.

For all patients complete ophthalmological
examination was done; a detailed history was taken
including age, duration of diabetes, type of treat-
ment and any systemic medical or surgical history.
Refraction by autorefractometer (TopconRM-
8000b, Japan) without cycloplegia. Refraction was
converted to Spherical equivalent calculated as the
spherical value plus half of astigmatic value and
further categorized refractive status into four
groups. Emmetropia (0.00 to —0.50 { DS} ), Low
Myopia (0.50 DSto —3.0 DS), Moderate Myopia
( 3.00 DSto 5.00 DS) and High Myopia (more
than —5.00 DS). Visua acuity was measured using
Eye chart (6 Meter llliterate E Chart). Slit lamp
biomicroscopy: Was performed for determination
of diseases in anterior segement of the eye and
exclude cases of haze cornea or mature cataract.
Fundus examination by indirect ophal moscope and
lens +90D. OCT (NIDEK.RS-3000 Advance) was
done for all patients to detect the presence or
absence of Diabetic Macular Oedema (DMO) in
cases of Diabetic Retinopathy. Fundus photographs
by (TRC.50DX; TOPCON, Japan) was done for
al patients.

All patients were photographed by using optical
coherence tomography (Nidek RS —3000 advance)
to detect the presence or absence of (DMO) in
patients having DR.
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The RS-3000 Advance is a SD-OCT instrument.
Its wavelengths is 880nm, and the instrument
acquires 53,000 A scans per second with an axial

resolution of 7 gu,-alateral resolution of 20 g, &

and a scan depth of 2.1mm. The current software
of the RS-3000 OCT (software version 1.4.2.1).

Fundus photography was done for all patients
to detect the presence or absence of DR using.

Retinal camera (TRC. 50DX, TOPCON, made
in Japan) and the patients were classified according
to International Clinical Diabetic Retinopathy
Disease Severity Scaleinto (no DR, mild NPDR,
moderate NPDR, severe NPDR) then the relation
between degree of myopia (depending on the re-
fractive error) and DR was assessed.

Satistical package and data analysis: The
collected data were revised, coded, tabulated and
analyzed using the statistical package program for
Social Science (SPSS version 25 Software for
Windows). Pearson Chi-Square and Phi test were
used to measure the relationship between degree
of myopia and diabetic retinopathy and then fol-
lowed by Kruskal-Wallistest. Kruskal-Wallis test
is anon-parametric alternative for a one Way
Analysis of Variance (ANOVA) was used to com-
pare between groups of study i.e. High Myope
Diabetic, Emmtrope Diabetic, Low Myope Diabetic
and Moderate Myope Diabetic. Qualitative data
was presented as number and percentage. Quanti-
tative data were described using range (minimum-
maximum), mean, standard deviation. Analysis of
variance (ANOVA) was used to assess statistically
significance of the difference between more than
two study groups. Chi-square test was used to
examine the relationship between two qualitative
variables. p-value <0.05 was considered statistically
significant.

Ethical considerations: The study was approved
from Ethical Committee, Faculty of Medicine, Ain
Shams University and informed consent was taken
from patients.

Results

The comparison between studied groups regard-
ing mean age among the study shows that thereis
no statistically significant difference between
groups as shown in (Table 1).

Table (1): Comparison between studied groups regarding age.

Myope/Emmetrope Age F p
High myope 54.16+8.54 1.222 0.304
Moderate myope 52.3%4.95

Low myope 51.6667+5.054

Emmetrope 52.2381+4.78
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Table (2): Comparison between studied groups as regards
duration of diabetes.

Duration of diabetes

Myope/Emmetrope in years (mean + SD) N F— p
High myope 8.54+2.15 70 0.183 0.908
Moderate myope 8.7+1.06 10

Low myope 8.72+1.50 39

Emmetrope 8.86+1.71 21

The comparison between studied groups as
regards mean duration of diabetes represented in
years as seen in (Table 2) showsthat thereis no
statistically significant difference between all
groups since p-vaue >0.05.

Table (3): Number of subjectsin each group.

Myope/Emmetrope diabetics

Frequency Percent Vaid Cumulative

percent  percent
Valid:
High myope diabetic 70 50.0 50.0 50.0
Moderate myope diabetic 10 7.1 7.1 100.0
Low myope diabetic 39 27.9 27.9 929
Emmtrope diabetic 21 15.0 15.0 65.0
Total 140 100.0 100.0

The following tables shows that high myopic
patients has no DR in their fundus photograph,
this indicates that high myopia has a protective
effect for diabetic patients against DR.

Table (4): Chi-square tests.

Chi-square tests Vaue df ASymptotic significance

(2-sided)
Pearson chi-square 140.000a 3 <0.001
Likelihood ratio 194.081 3 <0.001
Linear-by-linear association 111.534 1 <0.001

N of valid cases 140

The most important in thistest is Pearson Chi-
Square Asymptotic Significance (2-sided) result
which is <0.000 and thisis less than 0.05. So this
indicates that there is arelation between myopia
and DR asseenin (Table 4).

Table (5): Both Phi and Cramer's tests.

Symmetric measures

Vaue Approximate significance
Nominal by nominal:
Phi 1.000 <0.001
Cramer'sV 1.000 <0.001
N of valid cases 140

This (Table 5) shows that the value of signifi-
cance of both Phi and Cramer'sislessthan 0.05,
this also indicates that there is a relation between
myopiaand DR.
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All the previous tests chi-square, Phi and Cram-
er's show that there is arelation between myopia
and DR, but to know which type of myopia,
Kruskal-Wallis H test is done.

Mean Rank of high myope diabeticsis more
than that of the other three groups,and this indicates
that the high myope diabetics does not have any
DR in their fundus photograph.

Thisindicates that high myopia has a protective
role.

The relation between high myopia and the
absence of DR is highly significant in which the
Asymptotic Significance is <0.000 whichisless
than 0.05 as shown in (Table 6).

Table (6): Kruskal-Wallis H-test.

Table (8): Relation between groups of study.

Myope/ Chi p- Odd

Emmetrope Femade  Mae square  value Ratio
High Myopia 30 40 2.857 009 05625
Moderate Myopia 6 4

Low Myopia 19 20

Emmetrope 15 6

Table (9): Comparison bteween studied groups as regard
refraction represented by (SQ) and its relation
with the presence or absence of DR whichis
detected by fundus photograph.

SQ spherical E
Myope/Emmetrope equivalent (diopter) P
High Myopia (no DR) 12.6+3.33 182.705 <0.001

Moderate Myopia (mild DR) 5.505+0.41
Low Myopia (moderate DR) 3.2308+0.64
Emmetrope (severe DR) 2.0833+0.50

Ranks
Myope diabetics N Mean Rank
High Myope diabetic 70 105.50
Emmtrope diabetic 21 35.50
Low Myope diabetic 39 35.50
Moderate Myope diabetic 10 35.50
Tota 140
Test statistics®'b
OCT

Kruskal-Wallis H 139.000

Df 3

Asymp. sig. <0.001

a Kruska Wallis Test
b: Grouping Variable: Myope Diabetes.

Table (7): Frequency of DR in high myopic, moderate myopic,
low myopic and emmetropic eyes of diabetic pa-

The comparison between studied groups as
regard mean of refraction represented by (SQ) as
seen in (Table 9) shows that there is stetistically
significant difference between all groups. In our
results all high myopic eyes (70 eyes of 41 patients)
had no DR in their fundus photograph while (low,
moderate myopic eyes and emmetropic eyes (39,
10, 21 eyes) respectively showed DR with its
different grades in their fundus photograph: The
low myopic eyes (39 eyes of 29 patients) showed
moderate DR, the moderate myopic eyes (10 eyes
of 7 pstients) showed mild DR and the emmetropic
eyes (21 eyes of 19 patients) showed severe DR
in their fundus photograph, p-valueis0.000 (p
<0.001) which indicates that there is statistically
high significant differences between all groups.

Thisindicates that as the degree of myopia

tients. increases the severity of DR decreases which means
Emmetrope/ DR Eyes Patient that there is a protective relation between high
degree of myopia No. (%) No. (%) myopi aand DR.
High Myopia No DR 70 (50.00) 41 (42.71)
Moderate Myopia ~ Mild DR 10(7.14) 7 (7.29) Table (10): Post hoc test between groups of study.
Low Myopia Moderate DR 39 (27.86) 29 (30.21)
Emmetrope Severe DR 21 (15.00) 19 (19.79) Groups SE
Tota 140 9% High Myope 12.600+3.33 a
Moderate Myope 5.5050+0.41 b
] ] ] Low Myope 3.2308+0.64 €
All high myopic eyes (70 eyes of 41 patients) Emmetrope 2.0833+0.50 ©
had no DR in their fundus photograph while (low g oA

myopic, moderate myopic eyes and emmetropic
eyes (39, 10, 21 eyes) respectively showed DR
with its different grades in their fundus photograph:
The low myopic eyes (39 eyes of 29 patients)
showed moderate NPDR, the moderate myopic
eyes (10 eyes of 7 patients) showed mild NPDR
and the emmetropic eyes (21 eyes of 19 patients)
showed severe NPDR in their fundus photograph
seenin (Tables 8,9).

Followed the one-way ANOVA test by post hoc
test using Duncan test to make multiple compari-
sons between averages of different groups. The
means followed by the same letter in each column
are not significantly different from each other at
the 5 percent probability level (Duncan’s multiple
range test).
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Fig. (1): OCT and fundus photograph of high myopic patient (—15)D.

Discussion

In this study we found a significant protective
role for high myopia against DR in which high
myopic eyes were less likely to have DR than
emmetropic eyes (OR, 0.562). Although the topic
of a possible connection between myopiaand DR
isnot new in the literature, the available data are
gtill conflicting. In 1985, Rand et a. [11] defined
asignificant protective role for myopia against
PDR (oddsratio [OR], 10.03) after adjusting for
potential confounding factors.

A year |ater, Baker et ., [12] also found similar
connection between myopiaand NPDR (OR, 6.0)
when potential confounding variables such as
human leukocyte antigen phenotypes, age, hyper-
glycemic index, and renal status were adjusted.

In one of the largest seriesincluding 2990 adults
examined by the Wisconsin Epidemiological study
of diabetic retinopathy [13] myopia decreased the
risk of progression to PDR by 60% only in patients
with younger-onset DM (OR, 0.40). In patients
with older-onset DM and in either age group,
however, such association did not reach a signifi-
cant statistical level.

In another study in 2010 by the Singapore
Malay Eye Study Group [14] in 3280 adults, myopic
eyeswere less likely to have DR after adjusting
for potential confounding factors such as age,
gender, height, education, cataract, hemoglobin
Alc, and accompanying diseases (OR, 0.90).

Inastudy in 2013 by Pan et al., [15] in 3400
Indians aged 40 to 84 years, myopic eyes were
also lesslikely to have DR (OR, 0.68) compared
with emmetropic eyes. In two review articles, Fu
et a. [16] and Wang et al. [17] also concluded that
myopia significantly decreased the risk of DR
(pooled OR,0.75 and 0.80, respectively).

In contrast to these studies and our findings,
the Beijing Eye Study [18] and Ganesan et al. [19]

did not report a significant association between
myopiaand DR. Thislack of consensus among
studies that examined a relationship between my-
opiaand DR is probably because of variationsin
employed methodology, quality of studies, and
statistical analysis; heterogeneity in the study
design such as differences between cross-sectional
and longitudinal studies, and using inconsistent
classifications for myopia as well as whether re-
fractive myopia (SE) or axial myopia (axial length)
were measured [20].

At the same time, it should be noted that exam-
ining a possible rel ationship between myopia and
DR isavery complex task, because there are
extensive potential confoundersin this regard, such
as age, duration of DM, human leukocyte antigen
phenotypes, hyperglycemic index, renal status, and
general health status that make drawing a solid
conclusion difficult [14] . Controlling the role of all
these variables is difficult and almost impossible.
For example, the Singapore Malay Eye Study
Group, [14] the Beijing Eye Study [18] and Pierro
et al. [21] did not adjust for duration of DM in their
studies; the Beijing Eye Study (130) and the studies
by Yang et a., [22] and Pierro et a., [21] did not
exclude a potential confounding effect of hemo-
globin Alc; only the Wisconsin Epidemiological
Study excluded patients who had undergone in-
traocular surgery [23] ; and only the Singapore
Malay Eye Study Group [14] and the Beijing Eye
Study [18] adjusted for socioeconomic factors such
as income and education, which have been found
in association with myopia [23] and the outcome
of DR [24].

In this study all patients were diabetic including
both type | and type Il diabetes, we compared high
myopic eyes with the (emmetrope, moderate my-
opic, low myopic) eyes to evaluate the association
between the diagnosis of any diabetic retinopathy
and the refractive status. Age, duration of diabetes
were adjusted and all eyesincluded in this study
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had clear view of the retina, while eyes with ad-

vanced cataract, patients with history of any vitre-

oretinal surgery, tractional membrane and having

retinopathy due to any other cause as hypertension
or vascular disease all those were excluded from
the study. This study, enabled us to detect an
association between high myopiaand DR, there
were significant differences between all groupsin
terms of the mean refractive error.

Because of an intimate rel ationship between
refractive errors and ocular biometric parameters,
it has been assumed that the association between
myopia and DR might be explained in this way
[25] . It is still unclear whether the refractive com-
ponent (i.e., corneal curvature, spherical equiva-
lent), the structural component (i.e., axial length),
or both the refractive and structural components
of myopiaplay aprincipal role in connecting
myopiaand DR [26] . For example, Man et al., [27]
suggested axial length as the only independent
variable in association with the risk and severity
of DR.

In contrast, other more strictly controlled studies
indicated that both refraction and axial length are
along with a decreased risk of DR in myopic eyes
[17]. NOOSHIN et al., also found that both more
severe myopic refraction and longer axial length
were protective against DR and in line with previ-
ous studies, [16] also they showed that myopic
refraction and axial length were significantly asso-
ciated with the severity of DR.

In our study we found that high myopic refrac-
tion was protective against DR and significantly
associated with the severity of DR.

Although the exact mechanism(s) underlying
the protective effect of high myopiaagainst DR is
yet to be defined but some studies shows the pro-
tective effect of axial length against DR was due
to several hypotheses, one hypothesisis that with
axial elongation there is narrowing of blood vessels
in the retinaleading to reduction in retinal blood
flow according to Hagen-Poiseuille law resulting
in adecrease in capillary hydrostatic pressure and
consequent decreased likelihood of |eakage and
rupture of compromised retinal capillariesin dia-
betes (Starling and Laplace's law), [28] deformation
in the posterior pole, [20] increased ocular volume
in an elongated eye, [29] neurodegeneration, neuron
dysfunction, [30] thinning of the peripheral retina
[30] in axially elongated eyes with resultant de-
creased metabolic demand then could blunt the
hypoxic response which is necessary for diabetic
retinopathy, [30] areduction in vascular endothelia

growth factor concentration in the agueous associ-
ated with increasing axial length, [31] an impairment
of retinal adaptive circuitry in myopic eyes [32]
that might be associated with abnormal reduction
of inner retinal function [20] and the devel opment
of posterior vitreous detachment [33] that removes
the vitreous scaffold for neovascular proliferation
and enhances oxygen diffusion across the liquefied
vitreous [17].

In the present study we found no statistically
significant relation between type of diabetes (I or
I1) and the presence or absence of DR, and similar
associations between myopiaand DR in both type
| and type Il. We also found that the incidence of
DR was higher in Type | thanin Type Il DM. In
this study we also concluded that high myopic
refraction was protective against DR and signifi-
cantly associated with the severity of DR.

Conclusion:

From our study thereis a protective role for
high myopia against DR. Although refraction was
found in association with this relationship, but also
not focusing on possible underlying mechanism(s)
and not measuring axia length and Anterior Cham-
ber Depth (ACD) should be acknowledged as a
limitation, so further studies are recommended to
show these underlying mechanisms.
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