
Diabetic retinopathy in people aged 70 years or
older. The Oulu Eye Study

Heli Hirvelä, Leila Laatikainen

Abstract
Aims—To evaluate the presence and se-
verity of diabetic retinopathy and the
value of retinopathy screening in people
aged 70 years or older.
Methods—In a population based study on
500 of 560 eligible (89%) people aged 70
years or older, signs of diabetic retino-
pathy were evaluated through dilated
pupils by an ophthalmologist using photo-
graphic and/or ophthalmoscopic meth-
ods.
Results—23% of the study population
(113/500) had diabetes mellitus. Signs of
diabetic retinopathy were found in 24
people (21% of the diabetic population).
Retinopathy changes were graded as mild
to moderate non-proliferative retin-
opathy (NPDR) in 40 eyes (18 people),
severe NPDR (preproliferative) in five
eyes (four people), and proliferative in
three eyes (two people). Preproliferative
or proliferative changes were present in
four people (3.5% of the diabetic popula-
tion) and diabetic maculopathy was diag-
nosed in nine (8% of the diabetic
population). Laser treatment was consid-
ered to be indicated in seven people for
maculopathy, and in two for proliferative
changes. In four people the visual acuity
was reduced to a low vision level as a
result of diabetic retinopathy.
Conclusion—In spite of the high preva-
lence of diabetes mellitus in the elderly
population, the prevalence of vision
threatening diabetic retinopathy, particu-
larly proliferative retinopathy, is low.
Ophthalmoscopically, reliable infor-
mation on fundus changes could be ob-
tained in 94%, but photographs were
gradable in only 76% of the diabetic popu-
lation. Therefore, the value of photo-
graphic screening for diabetic retinopathy
in this age group is poor in comparison
with younger age groups.
(Br J Ophthalmol 1997;81:214–217)

Diabetic retinopathy is one of the major causes
of blindness in developed countries. Patients
with insulin dependent diabetes mellitus
(IDDM) have a higher risk of developing
severe proliferative diabetic retinopathy (PDR)
than those with non-insulin dependent
diabetes mellitus (NIDDM). However, a
greater number of cases of severe PDR are
related to NIDDM, because its prevalence in

the general population is much higher.1

NIDDM accounts for 90% of diagnosed cases
of diabetes.2

Knowledge on the epidemiology of diabetic
retinopathy among the elderly is scanty. Most
studies include only those aged 30–70 years or
selected cases. Studies using, for example,
clinic populations or only non-institutionalised
populations, although revealing much impor-
tant data, may suVer from selection bias and
therefore do not give a true picture of the over-
all burden of disease carried by old people.
The prevalence of diabetic retinopathy and

its correlates in the elderly population are
important to know, because the number of old
people is constantly increasing. To detect even
the lowest grade of retinopathy, fundus photo-
graphy has been recommended as the screen-
ing method instead of ophthalmoscopy. How-
ever, when examining elderly people cataract
may compromise the eVort.
Our aim was to examine the prevalence and

severity of diabetic retinopathy in the entire
population aged 70 years or older in three rural
communities in Finland in order to decide
whether photographic screening for retino-
pathy is indicated in this age group.

Patients and methods
In a population based study on 500 of 560 eli-
gible (89%) inhabitants aged 70 years or older
of three communities in the county of Oulu,
Finland, diabetes mellitus was diagnosed in
113 people (23%). Of these, 52 (46% of the
diabetic population) had either peroral (34) or
insulin medication (seven) or both (11). The
study population and the non-participants
have been described in detail in previous
reports.3 4

The fasting blood glucose level of all partici-
pants was measured in the morning between 8
and 10 o’clock. In subjects not taking anti-
diabetic medication a glucose tolerance test
using 75 g of glucose in 300 ml was performed.
The diagnosis of diabetes was based on use of
hypoglycaemic medication or high random
fasting blood glucose level (≥7.0 mmol/l) or
high glucose level observed in the glucose
tolerance test (≥11.0 mmol/l at 2 hours) at the
time of the examination.
Hypertension was defined as the use of anti-

hypertensive medication, or a systolic blood
pressure ≥160 mm Hg, or diastolic blood pres-
sure ≥95 mm Hg.
All people were initially examined with

direct ophthalmoscopy or biomicroscopy with
the 90 D Volk lens or/and the Goldmann three
mirror lens. After that, non-stereoscopic 45°
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photographs on both eyes using the non-
mydriatic camera (Canon NM CR4-45NM)
with a green filter (Wratten No 58) and black
and white Kodak Panatomic-X film were taken
whenever the individual cooperated and was
able to sit and the media were clear. For both
examinations the pupils were dilated with
0.5% tropicamide and 10% phenylephrine.
The diagnosis of diabetic retinopathy was
based on fundus photography in 95 of the 113
diabetic patients and on careful ophthalmo-
scopy in 15. In three diabetic patients the fun-
dus could not be seen because of lack of coop-
eration (one patient) or dense cataract (two
patients). For grading of the fundus changes
enlarged paper prints (13 × 18 cm) were used.
The photographs were first graded by one of

the authors and later on the questionable
lesions were discussed and adjudicated by the
two authors together. The graders were
blinded as to the status of the glucose metabo-
lism of the participants. The classification of
diabetic retinopathy was performed using a

modified scale of the Early Treatment Diabetic
Retinopathy Study.5 The eye with the most
severe retinopathy determined the severity of
retinopathy in a person.

DATA ANALYSIS

The categorised data variables were described
by the frequency distribution. The ÷2 test, cor-
rected for continuity when appropriate, was
used to evaluate the significance of the
diVerences between categorised data.

Results
Signs of diabetic retinopathy were found in 24
people (21% of the diabetic population and
5% of the whole study population); 21% (7/34)
of diabetic men and 22% (17/79) of diabetic
women had retinopathy (p=0.9). The distribu-
tion of diabetes mellitus and diabetic retin-
opathy by age is presented in Table 1.
Gradable fundus photographs were obtained

in 95 diabetic patients, in 15 only ophthalmo-
scopic findings were available. In 22 the
diagnosis of retinopathy was based on photo-
graphy, in two on ophthalmoscopy. The most
common findings in these 48 eyes were micro-
aneurysms (in 46 eyes, 96%) and haemor-
rhages (in 30 eyes, 63%) (Table 2). Hard exu-
dates in the macula and/or outside the macular
area were found in 17 eyes (35%), cotton wool
spots in seven eyes (15%), and new vessels
were found in three eyes (6%).
The severity of retinopathy was graded as

mild to moderate non-proliferative retinopathy
(NPDR) in 40 eyes (18 cases), severe NPDR
(preproliferative) in five eyes (four cases) and
proliferative in three eyes (two cases) (Tables 3
and 4). Preproliferative or proliferative changes
were present in four cases (3.5% of the diabetic
population).
There were no cases of vitreous haemor-

rhage or retinal detachment related to diabetic
retinopathy. Diabetic maculopathy was diag-
nosed in 13 eyes of nine diabetic patients (8%
of the diabetic population).
Laser treatment had earlier been performed

in four eyes of three people. In three eyes the
treatment had been done for both macular and
peripheral changes, in one eye only peripheral
changes had been treated. Indications for new

Table 1 Distribution of diabetes mellitus and diabetic
retinopathy in study population by age

Age group (years)

Number of people

Diabetes mellitus Retinopathy

70–74 (n=197) 43 11
75–79 (n=139) 35 5
80–84 (n=105) 30 8
85–89 (n=42) 5 0
≥90 (n=17) 0 0

Table 2 Frequency distribution of the various signs of
diabetic retinopathy

Sign
Number of
eyes (n=48)

% of eyes with
retinopathy

Microaneurysms
≤10 29 60
>10 17 35

Haemorrhages 30 63
Macular oedema 13 27
Hard exudates
in macula 7 15
outside macula only 10 21

Microinfarcts 7 15
New vessels
on the disc — —
on the retina 2 4
both 1 2

Fibrous proliferation 2 4
Preretinal or vitreous
haemorrhage — —

Retinal detachment — —

Table 3 Severity of diabetic retinopathy for individual eyes in the study population according to Early Treatment Diabetic Retinopathy Study Scale
(Diabetes Control and Complications Trial5)

Level Severity* Definition*
Right eyes
(n)

Left eyes
(n)

10 No retinopathy Diabetic retinopathy absent 84 84
20 Very mild NPDR Microaneurysms only/1 haemorrhage 11 12
35 Mild NPDR Microaneurysms plus hard exudates, cotton wool spots, and/or mild retinal haemorrhages 9 6
43 Moderate NPDR Microaneurysms plus mild IRMA or moderate retinal haemorrhages 0 2
47 Moderate NPDR More extensive IRMA, severe retinal haemorrhages, or venous beading in one quadrant only 1 0
53 Severe NPDR Severe retinal haemorrhages in four quadrants, or venous beading in at least two quadrants, or moderately

severe IRMA in at least one quadrant
1 3

61 Mild PDR NVE < 0.5 disc area in one or more quadrants 1 1
65 Moderate PDR NVE ≥ 0.5 disc area in one or more quadrants or NVD < 0.25–0.33 disc area 0 0
71–75 High risk PDR NVD ≥0.25–0.33 disc area and/or vitreous haemorrhage 1 0
81–85 Advanced PDR,

fundus partially
obscured 0 0

*Diabetes Control and Complications Trial definitions.
NPDR = non-proliferative diabetic retinopathy; IRMA = intraretinal microvascular abnormalities; PDR = proliferative diabetic retinopathy; NVE = new vessels else-
where; NVD = new vessels on or within 1 disc diameter of optic disc.
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laser treatment were found in seven eyes of
four people for macular exudates, in six eyes of
three people for macular oedema related to
preproliferative retinopathy, and in three eyes
of two people for proliferative changes. Thus,
in nine people (2% of the study population or
8% of the 113 diabetic cases) laser treatment
was indicated.
Retinopathy was more common in patients

on insulin treatment (61%) compared with
those taking tablets (18%) (Table 5). Three
people with newly diagnosed diabetes had
retinopathy changes (mild background retino-
pathy). The prevalence of diabetic retinopathy
was less than 10% in people who had had
diabetes mellitus for less than 10 years, but
after 10 years’ duration the prevalence in-
creased (Table 6). Hypertension was more
prevalent and blood pressure was higher in
subjects with retinopathy compared with those
without; 83% (20/24) of those having diabetic
retinopathy had antihypertensive medication,
while in the rest of population the rate was
54% (p=0.005).
In four people (7% of all the visually handi-

capped people in this age group) the main
cause of low vision (visual acuity less than 0.3

(20/60)) was diabetic retinopathy; all of them
had non-proliferative retinopathy.

Discussion
For screening of diabetic retinopathy, fundus
photography has been recommended as a more
reliable method than ophthalmoscopy.2 6 Some
elderly people may not, however, be suitable
for photographic screening owing to poor gen-
eral condition or poor cooperation. In the older
age groups also the quality of photographs may
be compromised because of cataract. In the
present study, of all inhabitants aged 70 years
or older in the study area who were invited,
89% participated, and gradable fundus photo-
graphs were obtained in 74% of the eyes.4 In
another 18% of the eyes information on fundus
changes was obtained by ophthalmoscopy. In
the diabetic population, the corresponding
percentages were almost the same, 76% and
18%, respectively.
The prevalence of diabetic retinopathy has

been shown to increase with age, even after
adjustment for duration of diabetes.7 In the
BeaverDamEye Study the prevalence of retino-
pathy in elderly patients was about the same in
NIDDM and in IDDM.8 Until now most
population studies have excluded the oldest
age groups as well as patients living in
institutions. The 5% prevalence of diabetic
retinopathy in the population aged 70 years or
older observed in the present study corre-
sponds closely with the prevalence figures
reported in elderly people in previous studies.
In the Framingham Eye Study, the prevalence
of diabetic retinopathy was 4.3% in people
aged 75 years and more,9 and in the most
recent population based study of 6191 elderly
people Stolk et al10 reported retinopathy in
4.8%, but the age limit was 55 years or older
and only non-institutionalised people were
included. In a previous Finnish population
sample the prevalence of retinopathy in people
aged 65 years or older was only 2% of the study
population.11

We observed proliferative retinopathy in only
two people corresponding with the findings of
Klein et al.12 This indicates that progression
from background to proliferative retinopathy is
less common in the elderly; neovascularisation
on the disc is especially rare. In the series of
Stolk et al10 none of the 6191 elderly subjects
had proliferative diabetic retinopathy.
We found diabetic retinopathy as the main

cause of low vision in 5% of the visually handi-
capped in this age group. In the Finnish regis-
ter of visual impairment, 8% of people aged 65
years or older registered for low vision or
blindness had diabetic retinopathy as the main
cause; non-proliferative diabetic retinopathy
being the first diagnosis in 6.6% and prolifera-
tive retinopathy in 1.6%.13 In the same age
group, Häkkinen11 found diabetic retinopathy
as one of the causes of impaired vision (visual
acuity 0.3 (20/60) or less) in 6%.
The low prevalence of retinopathy and

particularly the low prevalence of vision threat-
ening or treatable retinopathy decrease the
cost-benefit ratio of retinopathy screening in

Table 4 Severity of diabetic retinopathy for people in the
study population according to Early Treatment Diabetic
Retinopathy Study Scale (Diabetes Control and
Complications Trial5)

Step
Level
(worse eye/better eye)

Number of
people

% of diabetic
people (n=113)

1 10/10 86 76
2 20/<20 1 1
3 20/20 10 9
4 35/<35 2 2
5 35/35 6 5
6 43/<43 1 1
7 43/43 0 0
8 47/<47 0 0
9 47/47 0 0
10 53/<53 2 2
11 53/53 0 0
12 ≥61/<61 2 2
Not known
(non-cooperative/dense
cataract) 3 3

Table 5 Prevalence of diabetic retinopathy by type of
treatment of diabetes mellitus

Treatment

Retinopathy (no of people)

Yes No Not known

Diet 4 20 1
Diet + tablets 6 27 1
Diet + tablets + insulin 7 4 0
Diet + insulin 4 2 1
No treatment (newly diagnosed
DM) 3 33 0

Table 6 Prevalence of diabetic retinopathy by duration of
diabetes mellitus

Duration of diabetes (years)

Retinopathy (no of people)

Yes No %

Newly diagnosed 3 33 8
<5 2 22 8
5–10 1 10 9
10–15 7 16 30
15–20 5 5 50
>20 6 1 86
Not known 0 2 0
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this age group. In the present series any signs of
retinopathy were observed in 21% of all
diabetic patients, but in the majority of cases
the changes were mild. Only two people (2% of
the diabetic individuals) showed signs of
proliferative retinopathy. In nine (8% of the
diabetic population) laser treatment was, how-
ever, indicated. In most cases the indication for
laser treatment was decreased vision due to
maculopathy. Therefore, screening for de-
creased visual acuity would also have discov-
ered these cases. Considering this finding and
the fact that photographs of satisfactory quality
were obtained in only three quarters of the
cases studied, clinical examination seems to be
referrable to photography in screening for dia-
betic retinopathy in a population aged 70 years
or older.

The study was supported financially by a grant from the Finn-
ish Eye Foundation (Silmäsäätiö), Helsinki, Finland.
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