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Biennial eye screening in patients with diabetes without
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Aims: To evaluate the safety of every-other-year eye screening
for patients with diabetes without retinopathy.
Methods: Since 1994, patients with diabetes without retino-
pathy in Iceland have received eye screening every other year.
296 patients with diabetes who had no diabetic retinopathy in
1994/95 were followed with biennial eye examinations until
they had developed retinopathy. The 10-year experience of this
approach is reviewed.
Results: Out of the 296 diabetic individuals, 172 did not
develop diabetic retinopathy during the 10-year observation
period. 96 patients developed mild non-proliferative retino-
pathy, six developed clinically significant diabetic macular
oedema, 23 developed preproliferative retinopathy, and four
developed proliferative diabetic retinopathy during the 10-year
observation period. All the patients who developed macular
oedema or proliferative retinopathy had already been diag-
nosed as having mild nonproliferative retinopathy and entered
an annual screening protocol before the sight-threatening
retinopathy developed. No patient had any undue delay in
treatment.
Conclusion: Every other year screening for diabetic eye disease
seems to be safe and effective in diabetics without retinopathy.
Such an approach will reduce the number of screening visits
more than 25%. This reduces health costs and strain on
resources considerably and relieves the patients with diabetes
from unnecessary clinic visits and examinations.

I
celand was the first country to initiate systematic screening
for diabetic eye disease.1 The programme started in 1980,
with annual eye examinations of patients with diabetes.2

Annual examinations have been the routine in most diabetic
eye-screening programmes and recommended by most health
authorities and ophthalmology organisations.3–5

A review of the first 10 years of diabetic screening in Iceland
between 1980 and 1990 revealed that no patient had progressed
from no retinopathy to sight-threatening retinopathy in less
than 2 years.6 We concluded, and reported, that it was adequate
to examine patients with diabetes without retinopathy every
other year and immediately introduced this routine into our
screening system. We now examine the 10-year experience
from 1995–2005, where, according to our screening protocol,
patients with diabetes without retinopathy have been screened
every other year. If they developed retinopathy, the screening
protocol called for an immediate change to annual examinations.

MATERIAL AND METHODS
A total of 296 patients with diabetes in our screening system
had no retinopathy when examined in 1994 and 1995 and were
alive on 1 January 2005. Ninety-seven patients had type 1
diabetes mellitus, and 199 had type 2. One hundred and twenty
of the patient-group were female, and 176 were male. The

average age of the women was 62 years (range 19–90 years),
and the average age of the men was 58 years (range 16–87
years). The average duration of diabetes mellitus was 18 years
(table 1). In addition, 16 patients in the screening programme
had diabetes mellitus and no retinopathy in 1994–1995, but
died before 1 January 2005. Three of these patients developed
mild nonproliferative retinopathy, and none developed sight-
threatening retinopathy. The mean age of this group in 1994
was 67 years (range 38–76 years), and the mean duration of
diabetes was 9 years (range 0–28 years).

The Icelandic diabetic population and our screening programme
have been described in detail.7 8 Data on visual acuity (VA),
retinopathy grade, treatment and course of the disease were
gathered from clinic files. Visual acuity was measured on a Snellen
chart at 6 m with the best refractive correction. The retinopathy
stage was determined by an ophthalmologist using slit-lamp
examination of the fundus with a 90-diopter lens with dilated
pupils. Colour photographs of the fundus were taken at each visit.
The visual acuity of each patient was reported as the visual acuity
of the better eye. Retinopathy level of each patient was determined
as the stage of the worst eye. Table 1 lists clinical data including
mean blood pressure, fasting blood glucose levels, glycosylated
haemoglobin, cholesterol and triglycerides.

Eye screening was performed every other year while the
patients had no retinopathy. Once they developed any retino-
pathy, the screening schedule went to annual examinations. More
frequent eye examinations were scheduled for some patients
based on the clinical judgement of the ophthalmologist.

RESULTS
Of the 296 patients, 172 remained without retinopathy for the 10-
year period. Ninety-six patients developed mild nonproliferative
retinopathy with microaneurysms and point haemorrhages. Six

Abbreviations: DME, diabetic macular oedema; PDR, proliferative
diabetic retinopathy; VA, visual acuity

Table 1 Characteristics of the participants in the
study

Diabetes
population mean
(SD)

Gender (male/female) 176/120
Diabetes duration (years) 18 (6.1)
Fasting whole blood glucose (mmol/l) 9.3 (2.6)
HbA1c (%) 8.0 (1.6)
Total cholesterol (mmol/l) 5.1 (1.0)
HDL cholesterol (mmol/l) 1.36 (0.45)
Triglycerides (mmol/l) 1.73 (1.26)
Creatinine (mmol/l) 84 (26)
Systolic blood pressure (mm Hg) 135 (13)
Diastolic blood pressure (mm Hg) 81 (5)
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patients developed clinically significant diabetic macular oedema.
Twenty-three patients developed preproliferative diabetic retino-
pathy with cotton-wool spots and intraretinal microvascular
abnormalities. Four patients developed proliferative diabetic
retinopathy during the 10-year period. In one patient with type
2 diabetes, the grade of retinopathy could not be determined from
the clinical files at the end of the observation period.

The group of 172 patients who had no retinopathy during the
entire period had 912 eye examinations, averaging 5.3
examinations each in 10 years. The 96 patients who had
developed mild non-proliferative retinopathy had 631 exam-
inations, on average 6.6 examinations in 10 years. The six
patients who developed clinically significant diabetic macular
oedema had a total of 67 visits, on average 11.2 visits in
10 years. The 23 patients who developed preproliferative
diabetic retinopathy had 174 visits, on average 7.5 visits in
10 years, and the four patients who developed proliferative
diabetic retinopathy had 61 visits, averaging 15 visits in
10 years.

No patient went from no retinopathy to sight-threatening
retinopathy in less than 2 years. All patients who developed
sight-threatening retinopathy had been diagnosed, before that
happened, as having retinopathy and placed on at least an
annual examination schedule.

Of the eight patients who, during the 10-year period,
developed a sight-threatening retinopathy, four had macular
oedema, and the other four had proliferative retinopathy, two
of those also with macular oedema. Five out of the six patients
with macular oedema suffered some reduction in visual acuity,
whereas the two patients who had only proliferative retino-
pathy did not (table 2). All patients who developed clinically
significant diabetic macular oedema or proliferative diabetic
retinopathy had been placed on an annual screening protocol
before they developed proliferative retinopathy or macular
oedema.

Table 3 shows the visual acuity of the entire group at the
beginning of the study and at the end. Five individuals had a
visual acuity less than 0.3 in their better eye at the end of the
study. In one patient, this was due to diabetic macular oedema,
whereas the others had other eye diseases, mostly age-related
macular degeneration, to blame for the reduced vision (table 3).

For the patients who did not develop retinopathy during the
entire period, there were 46 type 1 patients with diabetes and
126 type 2. Their HbA1c was 7.8 (1.6%) (mean (SD), and
duration of diabetes 18 (7) years. In the group of patients who
developed mild retinopathy, 38 had type 1 diabetes, and 58 had
type 2. The mean duration was 18 (6) years, and HbA1c was 8.1
(1.3%). In the group of 23 patients who developed preproli-
ferative retinopathy, there were 11 with type 1 diabetes and 12
with type 2. Their mean duration was 19 (5) years and mean
HbA1c 8.4 (1.7%). Of the six patients who developed significant
macular oedema, two had type 1 diabetes, and four had type 2.
The duration of diabetes was 20 (4) years, and HbA1c was 9.6
(1.4%). Of the four patients who developed proliferative
retinopathy, two had type 1, and two had type 2. They had a
diabetes duration of 18, 15, 18 and 12 years, respectively, and a
mean HbA1c of 9.5.

DISCUSSION
We have reviewed the 10-year experience from 1995 to 2005,
when patients with diabetes without retinopathy were screened
every other year. This approach is safe and does not risk the
visual acuity of patients with diabetes. The patients who
developed sight-threatening retinopathy had all first been
diagnosed as having mild retinopathy and placed on at least
an annual examination schedule. No patient had any undue
delay in treatment of sight-threatening retinopathy.

In our patient group, there are more type 1 patients with
diabetes than would be expected in a general population, most
likely because in our screening for diabetic retinopathy in
Iceland, we have been able to include all the type 1 patients
with diabetes but a smaller proportion of type 2 patients.7 8 The
type 1 patients with diabetes are more prominent in the groups
with a higher grade of diabetic retinopathy. Patients with a
longer duration and higher HbA1c are also found more
frequently in the groups with a higher grade of retinopathy.

Regular screening and preventative treatment for diabetic
retinopathy is a powerful tool to reduce blindness. In Iceland,
the prevalence of blindness within the diabetic population had
decreased from 2.4% to 0.5%, and this is largely attributable to
the public health programme.2 6–10 Similar success has been
seen with other similar programmes.11–14

We have a worldwide epidemic of diabetes on our hands15

where the number of patients with diabetes in the world will
double in 20 years. While public health programmes with
diabetic eye screening are very effective and indeed highly cost-
effective,16 they can be expensive to operate, owing to the very
large number of patients. The cost per screening visit in the
Icelandic screening system is approximately J60, and the cost
involved in photographic screening programmes is only slightly
lower. In countries with millions of patients with diabetes, it
may be possible to save large amounts of money, if diabetic eye
screening visits can be reduced in number, without risking the
patient’s safety.

Table 3 Visual acuity at the beginning and end of the
observation period

1995 2005

No. of patients No. of patients

VA>1.0 260 196
1.0.VA>0.3 35 95
0.3.VA>0.1 1 5
0.1.VA 0 0

VA, visual acuity.

Table 2 Visual acuity in patients with sight-threatening diabetic retinopathy.

Patient Diabetes type Retinopathy grade Visual acuity 1995 Visual acuity 2005

1 2 DME 1.0/1.0 0.25/0.13
2 2 DME 0.9/1.0 0.6/0.2
3 2 DME/PDR 1.0/1.0 0.5/0.1
4 1 DME/PDR 1.2/1.0 0.33/0.33
5 1 DME 0.7/1.0 0.7/1.0
6 2 DME 1.0/1.2 0.5/0.4
7 2 PDR 1.2/1.2 1.2/1.2
8 1 PDR 1.5/1.5 1.2/1.2

DME, diabetic macular oedema; PDR, proliferative diabetic retinopathy.
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The prevalence of diabetic retinopathy varies between
diabetic populations.17 In a cross-sectional study of the
Icelandic diabetic population,18 50% of the type 1 diabetic
population and 60% of the type 2 patients with diabetes have no
retinopathy and would be suitable for eye screening every other
year (biennial). This reduces the number of screening visits by
more than 25% without reducing safety. The financial savings
are substantial, and the patients are spared from unnecessary
visits and examinations with dilated pupils.

The progression of diabetic retinopathy depends on blood
glucose control, blood pressure, duration of diabetes and other
factors. The Icelandic diabetic population has reasonably good
glycaemic and blood-pressure control (table 1), and our results
may not apply to patient groups with very poor glycaemic and
blood-pressure control. In patients with diabetes who have
good glycaemic and blood-pressure control and have a
relatively short duration of diabetes mellitus, it may well be
possible to reduce the number screening visits even more.
Kalm19 has suggested that in patients with diabetes with no
retinopathy, short duration of diabetes and good metabolic
control, the screening visits may be reduced to every 3–5 years.
Younis et al20 measured the cumulative incidence of any
retinopathy, maculopathy and sight-threatening diabetic reti-
nopathy, and calculated optimal screening intervals by retino-
pathy grade at baseline for patients with type 1 diabetes
attending an established photographic retinal screening pro-
gramme. They include moderate preproliferative retinopathy in
sight-threatening diabetic retinopathy, whereas we only
include diabetic macular oedema and proliferative retinopathy
in sight-threatening diabetic retinopathy. For a 95% likelihood
of remaining free of sight-threatening diabetic retinopathy,
they found mean screening intervals by baseline status to be:
no retinopathy 5.7 (95% CI 3.5 to 7.6) years, background 1.3
(0.4 to 2.0) years and mild preproliferative 0.4 (0 to 0.8) years.
Their conclusion is similar to ours, and they state that screening
at 2–3-year intervals is appropriate for patients without
retinopathy in type 1 diabetes.20 In type 2 diabetes, Younis et
al21 found the 95% probability of remaining free of sight-
threatening diabetic retinopathy, with mean screening intervals
of 5.4 years (95% CI 4.7 to 6.3) for no retinopathy, background
1.0 years (0.7 to 1.3), and mild preproliferative 0.3 years (0.2 to
0.5). They suggest a 3-year screening interval for type 2 patients
with no retinopathy, but yearly or more frequent screening is
needed for patients with higher grades of retinopathy.21

The Icelandic screening programme employs ophthalmolo-
gists, who screen patients with diabetes with biomicroscopy at
the slit lamp, whereas the Liverpool screening programme20 21

uses photographic screening. While the direct screening system
might be expected to be more sensitive in detecting mild
retinopathy changes, the conclusions based on data from each
programme are similar: it is not necessary to screen diabetics
without retinopathy annually. Biennial screening examinations
suffice in both type 1 and type 2 patients with diabetes without
retinopathy, and more extended screening intervals may even
be feasible.
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