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Abstract

Introduction: Diabetic retinopathy is a major cause of visuapamment and blindness in India and with its early
detection and timely treatment, the risk of visiaak can be reduced significantly. Onset and pssipa of retinopathy
is determined by fasting and postprandial bloodasugvels and other risk factors such as duratibrdiabetes,
hypertension, nephropathy, hypercholesterolemiacd@sity. This study was done to evaluate the oblglycosylated
hemoglobin and its association with the severityatinopathy M aterials and Methods: A total of 100 patients were
included. This was a prospective study conductest dvyear in Sri Ramachandra University, Chenmadja. Fundus
examination was done using slit lamp biomicroscagyd indirect ophthalmoscopy on all patients. Aacil
investigations such as fundus fluorescein angidgrand optical coherence tomography were perforrisdilc was
measured along with fasting, postprandial, lipidfie and urine sugarsResults: High and uncontrolled levels of
HbAlc were associated with maculopathy. A statdly significant difference (p < 0.01) was founu them. The
retinopathy however was not related to HbA1C alde most frequent type of maculopathy noted wasoéy macular
oedema and the level above which it occurred wao7¢tbA1C. Besides HbALC, the other important fadtat was
associated with maculopathy was duration of diabetellitus. Conclusion: HbAlc value >7.0% was significantly
related with maculopathy. The severity of retintyyais dependent on the level of blood sugar anatéur of diabetes.
Control of sugar levels is crucial to prevent diibeetinopathy and its complications which candlea irreversible

complications in the eye.
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The prevalence of diabetes mellitus for all agaigso
worldwide was estimated to be 2.8% in 2000 and 4.4%
in 2030. The total number of people with diabetes i
projected to rise from 171 million in 2000 to 366
million in 2030. Diabetic retinopathy remains a oraj
cause of visual impairment and blindness in India
and with its early detection and timely treatmehg

risk of visual loss can be reduced significanthheT
evidence that screening for diabetic retinopathgoist
effective has led to developments, over the past 20
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years, of several screening programmes at local,
regional, and national levels throughout India and
elsewhere, depending on the infrastructure anditfasi
available.

Various methods have been used to screen for iiabet
retinopathy, including ophthalmoscopy (direct and
indirect) [1], combining ophthalmoscopy with retina
photography by fundus camera, fundus fluorescein
angiography and optical coherence tomography. lisdia
already being termed as the “Diabetic capital loé t
world”, with the number of patients with diabetes
expected to rise from 40.9 million, at present6f9
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million by 2025 [2]. Glycosylated haemoglobin HbAlc
has been used as a predictor of the diabetic statds
also to assess the control of diabetes mellitusngur
routine evaluation of these patients. The Early
Treatment Diabetic Retinopathy Study (EDTRS) has
identified criteria for diagnosis and staging ohfttic
retinopathy [3]. Improvement of diabetic statuss ha
long term benefits in control of diabetic retindpat
This has been studied by Diabetes Control and
Complications Trial (DCCT), the Stockholm
Interventional Study, and the United Kingdom
Prospective Diabetes Study (UKPDS) [4]. The role of
HbA1C with the occurrence of different stages of
retinopathy have been reported but with no conetusi
data. The association between HbAlc and the
occurrence of complications and visual loss, which
includes severe NPDR or PDR or clinically signifita
macular oedema has not been evaluated and presented
We report the influence of HbAlc on the occurreate
the type of retinopathy or maculopathy in a study
conducted in a tertiary eye care hospital in Chgnna
India.

The pathogenesis of diabetic retinopathy is based o
retinal micro-vascular changes which result in the
development of non-proliferative or proliferative
retinopathy with or without diabetic maculopathy.
Advanced glycation end products (including
glycosylated hemoglobin, HbAlc) are known to
produce micro-vascular complications in diabetic
retinopathy [5]. The severity and the duration bé t
inadequate glycemic control have been seen to be
correlated with a higher risk of increased sevedty
retinopathy, from non-proliferative to proliferagiv
diabetic retinopathy [6]. All previous studies have
explored the association of fasting and post palndi
sugars with the occurrence of the different stages
non-proliferative DR (NPDR) and proliferative DR
(PDR) [7]. But the causal relationship between HbA1l
and the occurrence of visual loss, which includase
NPDR or PDR or diabetic macular oedema (an
important cause of visual impairment in subjectthwi
type Il diabetes), has not been done in populatiased
studies.

Material and Methods

Sampling and statistical methods, incluson and

exclusion criteria- This was a cohort study done at Sri
Ramachandra University, Chennai, Tamil Nadu, India,
after obtaining ethics committee approval over & on
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year period. This was performed in concurrence with
the departments of diabetology and internal medicin
The study was approved by the Institutional Ethics
Committee, and a written informed consent was
obtained from the subjects. During each follow igitv
patients underwent evaluation at both the diabgtolo
and ophthalmology clinic. To summarize, 100 persons
from the general population with findings of didbet
retinopathy were enumerated based on a multistage
random sampling, which was stratified based on the
level of HbA1C.

All patients with diabetes underwent a detaileceaat
segment and fundus examination. Inclusion criteria
were all known diabetes mellitus patients as diagdo

by a physician or on treatment with oral hypoglyam

or insulin injection or asymptomatic individualshese
fasting blood and those with Hblc levels showed
evidence of diabetes mellitus. Patients with other
associated morbidities such as hypertension were
excluded from the study.

Materials and Methods used- A fasting blood sugar
test was repeated for all those who were classHdigd
provisional diabetics at the other hospitals. Adtipnts
whose blood sugar levels were elevated were sadeene
A written informed consent was obtained from each
individual prior to their participation. Diabetic
retinopathy was diagnosed based on the ModifietiyEar
Treatment Diabetic Retinopathy Study [8]. A detdile
medical and ophthalmic history, including the dimat

of diabetes, the treatment being taken, and other
systemic illnesses, were taken. Opinions were péthi
from the neurologist, nephrologist and other sgistsa
whenever multisystem involvement of diabetes madlit
was noted.

A detailed ophthalmic examination of both eyes,
including the best corrected visual acuity, pachyyme

specular microscopy, slit-lamp anterior segment
examination,  gonioscopy, intra-ocular  pressure
measurement by applanation tonometry. Fundus

examination was done with indirect ophthalmoscopy
and slit lamp biomicroscopy.

Fundus photography, fundus fluorescein angiography
and optical coherence tomography was carried aut fo
all patients during the first visit and review.
Biochemical investigations included the total serum
cholesterol (TC), high density lipoproteins (HDILgyv-
density lipoproteins (LDL), serum triglycerides (I,G
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hemoglobin (Hb), HbAlc, fasting and postprandial
blood sugars and urine for sugar, micro- and macro-
albuminuria. HbAlc was measured by the liquid
chromatography technique. The data entry was
validated and crosschecked, and the statisticdlysina

was performed. Statistical analyses were performed

Results
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using SPSS for Windows version 14.0 software (SPSS
Inc., Chicago, IL, USA). The level of significaneeas
analysed, in more than two variables, using chasgu
trend p value. A p value of less than 0.05 was
considered significant.

Among the study population of 500 patients withbdiies mellitus, those with retinopathy were fouadbe 63%.
Individuals with diabetes mellitus were classifieslthose with retinopathy, maculopathy or both. Fbé&1c value for
severe NPDR was 8.1(2.1%), PDR was 7.5(2.4%) andEC®as 10(2.3%) (p = 0.03). The group with retinthya
included subjects with severe NPDR (n = 18), PDR: @2). Maculopathy included ischemic maculopathy 8) and
CSME (n = 16). A statistically significant differem (p < 0.03) was noted in those with clinicallgrsficant macular
oedema and HbAlc. The average HbAlc value for seM@®DR was 6.5, PDR was 7and CSME was 9 and abdse.

the duration of DM and recently diagnosed diabateflitus were found to be significantly elevatedlie maculopathy

group as compared to the retinopathy group.

Figure-1: Right eye: Clinically significant macular edema

181172016 7:31:37.1

Figure-2: Right eye: Proliferative diabetic retinopathy
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Figure-3: Left eye: Fundus fluorescein angiography shows pinpoint
hyperfluorescence suggestive of leaking microarsusy

=

Figure-4: Optical coherence tomography showing cystoid maadama due to diabetes mellitus

HbAlc was found to be significantly associated wittaculopathy (clinically significant macular oedemath
p = 0.003). Distribution based on duration was fbtm be 45% in those with disease greater thaneb®sy 40% with
disease greater than 10 years and 15% with dideasehan 10 years. When the subgroups with maatiigpvere
analysed, a statistical significant difference wated with p=0.03 in those with high Hbalc levals ho difference was
noted in terms of duration of the diabetes melldnsl the age groups affected. After follow up foegear of all the
patients, the most frequent sight threatening caafbn was found to be tractional retinal detachtreeen in 7% of
patients and vitreous haemorrhage in 2% of theysguolup.

On final analysis, our study showed male sex, lomygation of diabetes, poor glycemic control, hidbAlc levels,
associated hypertension and nephropathy as thetampeisk factors for the progression of diabegitnopathy. Patients
aged between 50-60 years constituted 38% compar28% of 40-50 year and only 8% in extreme age mriales
constituted 68% compared to 32% female populatiodied. Duration of diabetes for 5 to 10 years &% compared
to 10% of more than 15 year of diabetes. Microalimumia was present in 22% patients compared to ¥8# no
albuminuria.
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Table-1: HbA1c levelsand number of patients
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HbAlc No. of patients Per centage
Less than 8 280 56%
8to 10 100 20%
More than 8 120 24%
Table-2: Correlation of incidence of retinopathy / maculopathy
Retinopathy / maculopathy No. of patients HbAlc
NPDR 2.1% 8.1
PDR 2.4% 7.5
Maculopathy 2.3% 10

Discussion

The inclusion of HbAlc in the screening protocads h
gained significant importance, not only in the diasis
and management of DM, but also in the onset and
progression of DR [9]. It has been seen that coetpar
to the measurement of glucose levels, HbAlc assat i
least as good in defining the level of hyperglycermai
which the prevalence of DR increases [10], [11].

We evaluated the association of HbAlc with the
occurrence of maculopathy and retinopathy in a
population based study. Previous HbAlc studies have
found HbAlc to be associated with an increase @ th
severity of diabetic retinopathy from non-prolifgéva

to proliferative retinopathy but not with maculogiaa

It is important for the clinician to find an assatibn
with maculopathy rather than the stage of retinopat

as even the early stages of macular oedema, without
significant retinopathy can cause visual loss. Ehwih
maculopathy had higher HBA1Clevels than the
population with only retinopathy.

The duration of diabetic nephropathy was more @s¢h
with retinopathy than the retinopathy patients.viengs
epidemiological studies have found similar risktfas
like duration of diabetes, higher HbAlc and higher
blood pressure independently for NPDR, macular
edema and PDR [12]. Glycation of tissue proteina is
well-known pathophysiological mechanism in the
complications related to diabetes leading to the
formation of advanced glycation end products and
HbAlc. Strict glycemic control, when measured by
several factors, is strongly associated with a ekeszd
prevalence of micro-vascular complications related
DM like retinopathy. Anitha et al. also found an
association of advanced glycation index (AGI) viltle
severity of DR [12]. We found a strong associatbn

HbA1c with the development of any type of retindpat
more with maculopathy. Researchers have conclysivel
proven, in the past, that once the retinopathy logee
there is no relationship between the level of giyice
control and the progression of DR, although the
incidence of DR is significantly affected. Earlieports
showed that the prevalence of DR significantly
increased at HbAlc value between 6.0% and 7.0%.
Later, a value of 6.5% was seen to be a cut-ofthvhi
could detect at least moderate retinopathy. HbAflc o
6.5% has now been seen as sufficiently sensitivk an
specific to identify individuals who are at risk of
developing DR.

However, it has still not proven to be an absotuteoff
threshold between normal glycemia and diabetes. On
detection of complications, prompt intravitreal
injections with steroid or anti vascular endothelia
growth factor have to be done. Surgical intervantio
will be required when there is still visual potahtand
complications such as vitreous haemorrhage oraletin
detachment and the vision can be restored in some
patients [13].

Other risk factors such as hypertension,
hypercholesterolemia, nephropathy and obesity in
patients with diabetic retinopathy can worsen ttages

of the eye. The prevention of microvascular disdase
addressing all the risk factors can play a big riole
prevention of further progression [14]. In children
frequent screening should be recommended for
neuropathy related complications such as dry eye
syndrome, glaucoma and diabetic retinopathy in Type
diabetes mellitus. This is because a longer duratio
diabetes can cause microvascular involvement amgl lo
term follow up is also required [15]. Inflammatican
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be a precursor in diabetes thus mediating negative
influences to the neurological and vascular comptme

of the retina. Chronic inflammation can cause cleang
at the biochemical and molecular level ending in
retinopathy and vision loss in these patients [26].
derangement of serum cholesterol, triglyceridegh hi
density lipoproteins and low density lipoproteingsw
seen in patients with retinopathy as compared ¢seh
without diabetic retinopathy. This has been rembrte
following a study of lipid profile and its correiah with
retinopathy in Pakistani population [17]. Fluctoas in

the plasma sugar levels have been shown to cause
progression of diabetic retinopathy more than
nephropathy in patients with diabetes mellitus [18]

This again reinforces the utility of monitoring sug
and their levels over a period of time to detethdre is
consistency in sugar control as it affects retinbpa
development. The findings of our study, probablyyén
beneficial aspects in targeted diabetic retinopathy
screening programmes. Targeted screening for
retinopathy in subjects with diabetes with HbA1&48
would give maximum vyield of sight threatening
retinopathies. Regular ophthalmological examination
with methodical documentation during each visithwit
examination, intraocular pressure measurementdugin
photography and other ancillary investigations sash
fundus fluorescein angiography need to be perforimed
order to prevent blinding complications of diabetic
retinopathy.

Conclusion

Diabetic retinopathy progresses with the duratidn o
disease and the cause of defective vision is ysuall
maculopathy or proliferative retinopathy. Regular
ophthalmoscopic examinations are essential in tietpc
the progression of retinopathy and development of
disease characteristics which indicate a need for
treatment. Laboratory and clinical experience sthdnd
combined in the assessment and the importanceidf ri
control of HbA1C in preventing diabetic retinopathy
has to be stressed. A major contributor to poor
compliance in maintaining HBAL1C levels is lack of
awareness in patients. In our study we concludad th
there was relatively more awareness in younger age
groups. Those with multi organ disease due to desbe
mellitus and those under the care of an endocriistio
also showed sharper control.
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