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Abstract The objective of this comparative study was to evaluate a pilot implementation of a diabetic
retinopathy (DR) screening model that used digital retinal photography for detecting cases for refer-
ral to ophthalmologists.  Patients with diabetes in Tak province were examined using single-field
digital retinal photography interpreted initially by trained paramedical personnel who captured the
images and supervised by the comprehensive ophthalmologist in Tak provincial hospital. Retinal
cameras used in this model were rotated to capture retinal images locally in communities in each
district of the geographical areas of the provincial hospital.  The coverage of cases and prevalence of
DR detected using this model in the year 2008 was compared to those detected by the comprehen-
sive ophthalmologist performing indirect ophthalmoscopy in the same communities in the previous
two years.  During five months of the fiscal year 2008, 2,290 patients with diabetes (47.8%) were
digitally screened for DR; this coverage was significantly different (p < 0.01) from the same period
of the previous two years.  The prevalence of non-proliferative DR, 32.1 percent, detected using this
digital model was also significantly higher than 15.1 percent detected by ophthalmoscopy in the
previous two years.  However, the prevalence of proliferative DR, 2.6 percent, using by this digital
model was not significantly different (p = 4.8) from the prevalence detected by the ophthalmoscopy.
The digital model for DR screening can cover more patients in a shorter period of time and may be
able to detect more positive cases than the conventional ophthalmoscopy.  To have most patients
with diabetes screened for DR for prevention of blindness, this model should be implemented na-
tionwide as an alternative to clinical examination by ophthalmologists.
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Introduction

Diabetic retinopathy (DR) is one of the major

complications of diabetes and one of the leading causes

of blindness throughout the world(1-4).  There is strong

evidence in the literature suggests that tight control of

blood sugar(5-7) can decelerate DR progression, and

timely laser treatment(8) or retinal surgery can reduce

the risk of visual loss in patients with DR.  A number
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of patients with DR may also have advanced disease

severity without any ocular symptoms.  Therefore,

early detection is highly recommended for reducing

the risk of visual loss from DR.  A conventional mo-

dality for DR detection, recommended by the Ameri-

can Diabetes Association, is comprehensive ocular ex-

amination including dilated fundus examination us-

ing indirect ophthalmoscopes by ophthalmologists(9).

However, there are a limited number of ophthal-

mologists of roughly 700-800 in Thailand to deal with

a growing population of patients with diabetes.  It was

predicted that the global prevalence of diabetes would

increase from 4.5 percent to 6.2 percent by the year

2030(10).  The International Collaborative Study of

Cardiovascular Disease in Asia has also pointed out

that there was an estimated 9.6 percent prevalence of

diabetes among Thai adults(11).  Therefore, approxi-

mately 6 million Thai adults are expected to have dia-

betes.  It was found further in the Thailand Diabetes

Registry Project(12) that, among the 9,419 registrants,

30.7 percent had retinopathy.  In that connection, it

was estimated that the 6 million Thai patients with

diabetes in Thailand might account for more than 1.5

million patients suffering from DR.  These data indi-

cate that there are not enough ophthalmologists to

detect DR for prevention of blindness in Thailand.

Furthermore, limited access to ophthalmic care for

patients with diabetes in rural areas could also accele-

rate this problem.

The use of retinal photography(13-15), especially

from a digital fundus camera, could be an alternative

modality to ophthalmic examination(16) by ophthal-

mologists for early DR detection.  The digital retinal

imaging system has been confirmed in many studies

as being practical and cost-effective(17).  Furthermore,

the system can be implemented as a local screening

unit in local communities to reduce the problem of

ophthalmic care access for remote patients(18-21).

This study was conducted to evaluate a DR

screening model using the digital retinal photography

system in a study area.  Tak was selected since the

provincial ophthalmologist regularly screened patients

with diabetes in the province in the past two years.

The rate of DR screening and the prevalence of DR

detected before and after implementing the model was

compared.  Advantages and disadvantages of these two

models will also be discussed.

Methodology
Setting and Subjects

This study was approved by the Bureau of Medi-

cal and Technical Development, Department of Medi-

cal Services, Ministry of Public Health.  All patients

with diabetes were recruited from existing database

of each district of the province and written informed

consents were given.  They were excluded if they had

any contraindication for using mydriatic eye drops,

had retinal diseases which precluded the diagnosis of

DR, and had ocular media not clear enough to make a

diagnosis by interpretation of digital retinal images.

This study was conducted in Tak province since there

was complete data of patients with diabetes screened

by a comprehensive ophthalmologist using conven-

tional indirect ophthalmoscopy in Tak provincial hos-

pital in the past two years.  These data could be com-

pared with data obtained using the new model in this

study.

Method and measurements

All included patients were examined by captur-

ing their retinal images using digital nonmydriatic reti-

nal cameras.  Although the images can be obtained

through nonmydriatic pupils, it is more practical to

capture the images through mydriatic pupils since up

to 30 percent of images captured through nonmydriatic

pupils may not be readable.  After their pupils were

dilated by one drop of 1% tropicamide under surveil-

lance of potential angle closure of the eye, each pa-
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tient was examined first in the right eye and then the

left eye.  The final DR severity level was determined

by the findings in the worse eye.  The examination for

each eye was 45˚ single-field(22) digital image capture

of the posterior pole, including the optic disc and

macula, using a Cannon  non-mydriatic fundus cam-

era (Tokyo, Japan).  The technicians who performed

image capturing interpreted the 5-million pixel reti-

nal images of each patient immediately; the interpre-

tations were then confirmed by a provincial compre-

hensive ophthalmologist.  The outcomes measured

were the coverage percentage of patients with diabe-

tes and prevalence of DR using the digital retinal im-

age model compared to the coverage and prevalence

determined by the provincial ophthalmologist in the

previous years.

International clinical disease severity scales of DR

The DR severity level was based on the Interna-

tional Clinical Diabetic Retinopathy and Diabetic

Macular Edema Disease Severity Scales(23).  In short,

DR was classified into five severity levels: no retin-

opathy, mild retinopathy, moderate retinopathy, severe

non-proliferative diabetic retinopathy (NPDR), and

proliferative diabetic retinopathy (PDR).  Mild NPDR

included cases with microaneurysms only.  Severe

NPDR included cases with more than 20

microaneurysms in each of four quadrants, venous

beadings in two or more quadrants, or intraretinal

microvascular abnormalities in at least one quadrant.

Other cases with more than just microaneurysms alone,

but less than severe NPDR, fell into the moderate

NPDR category.  PDR included cases with

neovascularization, and vitreous or preretinal hemor-

rhage.

Chi-square test was employed to compare the

proportion of patients with diabetes in Tak province

who had retina screened for diabetic retinopathy in

the year 2008 and the proportion of patients screened

in the previous two years.  The prevalence of non-

proliferative DR and proliferative DR in the screened

populations in the year 2008 and the previous two years

were also compared.  The level of significance was

defined at 0.01.

Results

There were 4,787 patients with diabetes regis-

tered in the database of Tak provincial hospital in the

fiscal year of 2008.  This was not significantly differ-

ent from the number registered in the year 2007 and

2006 (Table 1).  During five months of 2008, 2,290

patients with diabetes (47.8%) were screened for DR;

this coverage was significantly higher (p < 0.01) from

the same period of the previous two years.  The cov-

erage data in 2008 was collected from the screening

only between February and June when the digital

model was implemented.

The proportion of NPDR detected in 2008 using

the digital model was significantly higher than the pro-

portion detected in 2007 and 2006 (p < 0.01) although

the proportion of PDR was not significantly different

(Table 1).  Table 2 demonstrates the DR severity lev-

els of patients screened in 2008 in details.  In the first

four months of fiscal year 2008 when the clinical ex-

amination was used for screening, the proportion of

No DR detected was not significantly different from

the previous two years.  However, the prevalence of

mild and moderate NPDR detected using the digital

model during February to June 2008 was significantly

different from the clinical examination during the first

four months of fiscal year 2008.  Clinical examina-

tion detected 19.7 percent in mild category but only

1.9 percent in moderate whereas the digital model de-

tected 22.3 percent in moderate and only 8.9 percent

in mild NPDR.  The prevalences of severe NPDR or

PDR detected by both models were not significantly

different.  There were 67 patients whom the digital

model could not determine the presence of DR; how-
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ever, there was no patients whom the clinical exami-

nation could not detect the presence of DR.

Discussion

It is well demonstrated in this study that the

implementation of the digital retinal camera in com-

munities for detecting DR for referral to ophthalmolo-

gists can cover more cases than the conventional clini-

cal examination.  The digital model was implemented

for only five months in the year 2008, but the cover-

age was already 47.8 percent of all targeted patients.

This coverage accounted for only roughly 450 patients

per month.  More cases could be screened with a well-

planned system.  This should include the setting up of

provincial DR managers who should have specific

tasks of DR management in the province.  The tasks

should include analysis of database of patients with

diabetes in the province, planning for retinal camera

rotation, co-ordinating technicians and nurses for train-

ing, verifying diagnostic data, and maintenance the

referral system.

The previous studies concerning DR in Thailand,

Table 1 Screening coverage of patients with diabetes in Tak province in the fiscal years 2006, 2007, and 2008.

Number of patients (%)

2006 2007 2008**

Patients with diabetes 4,088 4,618 4,787

Patients with diabetes who were screened for DR (%) 1,786 (43.7) 1,677(36.3) 2,290(47.8)*

DR severity levels:

No DR 1,460 (81.7) 1,351(80.6) 1,429(62.4)*

NPDR 269 (15.1) 253(15.1) 734(32.1)*

PDR 57 (3.2) 73 (4.3) 60 (2.6)

DR = diabetic retinopathy; NPDR = nonproliferative diabetic retinopathy; PDR = proliferative diabetic retinopathy; * the proportion
is significantly different from the previous two years, p < 0.01, chi-square test. There were 67 (2.9%) patients in the year 2008 whose
retinal images were not gradable, therefore, they were not reported in the Table.
**recorded from February to June.

Table 2 The prevalence of diabetic retinopathy severity levels detected using the digital model and clinical examination

in the year 2008.

Number of patients (%)

Digital model Clinical examination

(n = 2,290) (n = 641)

No DR 1,429 (62.4) 474 (73.9)

Mild NPDR 203  (8.9) 126(19.7)

Moderate NPDR 511 (22.3) 12  (1.9)

Severe NPDR 20 (0.9) 7 (1.1)

PDR 60  (2.6) 22 (3.4)

Ungradable 67 (2.9) 0

DR = diabetic retinopathy, NPDR = nonproliferative diabetic retinopathy, PDR = proliferative diabetic retinopathy, digital model was
implemented during February - June 2008 whereas clinical examination was conducted from October 2007 - January 2008. The
prevalence of each DR level detected by the two modalities was significantly different (p < 0.01), by chi-square test.
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conducted between 1990 and 1999 in Nakhon

Ratchasima(24), Trang(25), and Lampang(26), had re-

ported the prevalence of NPDR, determined by indi-

rect ophthalmoscopy performed by comprehensive

ophthalmologists, was between 12 percent and 25 per-

cent, and the prevalence of PDR was between 1.9 per-

cent and 5.2 percent.

Compared to these studies, the prevalences of

NPDR determined by the same modality in this study

in the previous two years, 15.1 percent, were approxi-

mately the same.  The higher prevalence of NPDR

determined by digital retinal photography, 32.1 per-

cent, reflects a tendency of this screening modality

for detecting more positive cases.  Moreover, the

prevalence of NPDR in Trang province(25), also deter-

mined using the digital modality in a recent study, was

23.8 percent.  This prevalence was also higher than

that determined by clinical examination.

On the contrary, the prevalence of PDR, deter-

mined by both clinical examination and digital retinal

photography, was not significantly different.  This may

be explained by the inherent factor of lesions of PDR,

such as neovascularization of the optic disc and else-

where, which can be well recognized by both modali-

ties.

The standard method for diagnosis of DR is nei-

ther comprehensive clinical examination nor digital

image interpretation.  It is the interpretation of stan-

dard 7-field stereoscopic retinal film photography de-

scribed in the Early treatment Diabetic Retinopathy

Study (ETDRS)(8).  This method is impractical and

was not used in majority of studies in communities,

or even in clinical practice, since it is inconvenient

for patients to have their retinal images captured 14

times in one eye for diagnosis.  Furthermore, this stan-

dard method requires expertise in both image capture

and interpretation.

Advantages of the comprehensive eye examina-

tion over the photography is its ability to examine pe-

ripheral lesions and other ocular diseases which may

be missed in the single-field photography(27).  Another

advantage of the clinical examination includes an abil-

ity to examine through opaque ocular media better than

the digital model.  This was reflected in this study that

there were 2.9 percent of ungradable cases from digi-

tal model, but there was no clinically ungradable case.

The examination is also cheaper.  The major disad-

vantage of the examination is the consumption of oph-

thalmologist task forces which are still limited in our

country.

Retinal photography, on the other hand, may have

advantages in mass screening.  For individual patients,

the model may detect subtle changes which can easily

be missed during a live examination, especially when

time was a constraint.  In addition, the photography

has an advantage in implementing as an alternative to

clinical examination to identify cases for referra(28) via

telemedicine practice.  The model can be utilized by

trained paramedical personnel with ophthalmologist

supervision.  The disadvantage of this model is the

high initial investment cost, although it was found to

be cost-effective in some studies(17-18).

In summary, the digital model for DR screening

can screen more patients in a shorter period of time

and may be able to detect more positive cases than the

conventional ophthalmoscopy.  To have most patients

with diabetes screened for DR prevention of blind-

ness.  This model should be implemented nationwide

as an alternative to clinical examination by ophthal-

mologists.
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