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Abstract

Aimslhypothesis. To determine whether microaneu-
rysms, in the absence of other lesions, have a predic-
tive role in the progression of diabetic retinopathy in
Type II (non-insulin-dependent) diabetes mellitus.
Methods. Retinal photographs taken at diagnosis in
patients participating in the United Kingdom Pro-
spective Diabetes Study, and thereafter at 3 yearly in-
tervals, were assessed using a modified Early Treat-
ment of Diabetic Retinopathy grading system for le-
sions of diabetic retinopathy and end points of vitre-
ous haemorrhage and photocoagulation. The number
of microaneurysms in each eye was recorded.
Results. The changes between diagnosis and later
photographs were analysed in 2424 patients at
6 years, 1236 at 9 years and 414 at 12 years. Of the
2424 patients studied in the 6 year cohort 1809 had ei-

ther no retinopathy or microaneurysms only at entry.
In these patients the presence of microaneurysms
alone and also the number of microaneurysms had a
high predictive value for worsening retinopathy at 3,
6, 9, and 12 years after entry into the study (e.g. at
6 years y° for trend = 75 on 1 df, p < 0.001). The pre-
dictive value of the presence or absence of microan-
eurysms and their number at 3 years from diagnosis
and subsequent worsening retinopathy was similar to
that at entry.

Conclusion/interpretation. Microaneurysms are im-
portant lesions of diabetic retinopathy and even one
or two microaneurysms in an eye should not be re-
garded as unimportant. [Diabetologia (1999) 42:
1107-1112]
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Microaneurysms (MA) are the hallmark of diabetic
retinopathy, and are the earliest clinically recognis-
able features of the condition. They have, however,
been found in patients without diabetes [1] and this
raises the question whether the presence of a few
MA:s, in the absence of any other retinal lesion, are
of any importance in diabetic patients. This is further
emphasised by the fact that although MAs are most

Received: 10 November 1998 and in revised form: 26 February
1999

Corresponding author: E.M. Kohner, Department of Medi-
cine, St. Thomas’ Hospital, Lambeth Palace Rd., London SE1
7EH, UK

Abbreviations: MA, Microaneurysms; UKPDS, United King-
dom Prospective Diabetes Study.

commonly seen in the perifoveal area, they are only
rarely the cause of visual impairment.

To determine the importance of MAs and particu-
larly whether they have a predictive value for the pro-
gression of diabetic retinopathy we examined the
photographs of patients in the United Kingdom Pro-
spective Diabetes Study (UKPDS), a large multicen-
tre randomised controlled clinical study of different
treatments in newly diagnosed Type II diabetic pa-
tients. This paper presents the result of that study.

Subjects and methods

Details of the UKPDS, patient recruitment and randomisation
have been reported [2]. In brief, patients in whom Type II
(non-insulin-dependent) diabetes mellitus had been newly di-
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Table 1. Summarised ‘Modified ETDRS Final’ retinopathy

levels

Level Severity Definition

10 DR absent All DR features absent

20 MA only Microaneurysm(s) only, other
features absent

35 Mild NPDR MA, + retinal haemorrha-
ge(s) and/or hard exudates,
and/or cotton wool spots

43 Moderate NPDR Lesions as above + either ex-
tensive or severe HMA or
IRMA present

47 Moderately Lesions of 35 with either ex-

severe NPDR tensive and severe HMA with

IRMA or venous beading

53 Severe NPDR Very severe HMA, + IRMA
+ VB

61,65,71,75 PDR NVD and/or NVE without or

with complications

Retina obscured by VH or
PRH

81 Advanced PDR

99 Cannot grade

Abbreviations: DR = diabetic retinopathy, NPDR = Non-pro-
liferative diabetic retinopathy, PDR = Proliferative diabetic
retinopathy, MA = Microaneurysm, HMA = haemorrhages
and microaneurysms, IRMA = intra retinal microvascular ab-
normalities, NVD = new vessels on the disc, NVE = new ves-
sels elswhere, VH = vitreous haemorrhage, PRH = pre-retinal
haemorrhage, VB = Venous beading

agnosed were treated for 3 months with diet only. If after that
time they were still hyperglycaemic, but symptom free, they
were randomly allocated to remain on diet only or be treated
with an oral hypoglycaemic agent or insulin [3]. Patients were
seen at 3 monthly intervals in the diabetic clinic, and had a
full medical examination at entry and yearly thereafter, includ-
ing visual acuity determination and retinal examination by
ophthalmoscopy. At 3yearly intervals retinal photographs
were taken of four standard stereo-pairs of each eye and as-
sessed as described previously [4].

Assessment of retinal photographs. Retinal photographs were
masked for all patient identifying details and assigned with a
unique identification number. Photographs were centrally as-
sessed by two independent experienced readers for quality
and adherence to the photographic protocol as well as the
presence of any diabetic retinal lesions. When such lesions
were present, the photographs received a detailed assessment
involving the classification of the retinal lesions against Airlie
House standard photographs [5] again carried out in duplicate.

Table 2. Disappearance rate of microaneurysms

E.M.Kohner et al.: Microaneurysms in diabetic retinopathy

A computer algorithm then assigned a retinopathy level for
each eye according to a modified Early Treatment of Diabetic
Retinopathy grading system [6]. A simplified summary is seen
in Table 1.

During the detailed assessment stage, graders carried out a
manual count of the total number of MAs present in each
eye. The number of MAs was recorded for each eye as absent
(0); present, numbering 1, 2, 3, 4, or 5 in the eye; present, num-
bering 6-10 in the eye; or present in numbers greater than 10.
As there was overlap between the four fields, this was taken
into account during the counting exercise. Independent adjudi-
cation of differences was applied throughout all stages of as-
sessment.

Statistical analysis. Mantel-Haenszel chi-squared statistics
were used for determining the trend in retinopathy severity re-
lating to the number of MAs present at entry and to that at
subsequent 3-year intervals. All data were analysed using
SAS (SAS Institute, Carey, N.C., USA).

Results

There were 5102 patients who entered the UKPDS.
Of these 3569 had retinal photographs at entry. There
were 2424 subjects who had photographs both at en-
try (baseline) and 6 years; 1809 of these had either
no retinopathy or MAs only at entry. A cohort of
1236 of these were also studied at baseline and
9 years and 414 at baseline and 12 years.

There was no statistically significant relation be-
tween the number of MAs at entry and the clinical
and biochemical variables measured, including sex,
race, smoking, body mass index, systolic blood pres-
sure, fasting plasma glucose, HbA,, fasting plasma
insulin, insulin sensitivity, beta-cell function, HDL or
LDL cholesterol or triglyceride [2].

Disappearance rate of microaneurysms. Table 2
shows the disappearance rate of MAs at 6, 9 and
12 years. This indicates that MAs were most likely to
disappear if there was only one present, when about
50% disappeared at each time interval. In contrast
only a third of subjects was there a total disappear-
ance when there were two or three present at entry,
and less than one in six when there were five or
more present.

Table 3 shows the relation between those in whom
MAs disappeared by 3 years and those who had no

Number of 3-year 6-year 9-year 12-year
microaneurysms cohort cohort cohort cohort

at entry

1 160/315 50.8% 121/255 47.5% 86/180 47.8% 30/68 44.1%
2 57/153 372% 42/127 33.1% 27177 35.1% 7/21 333%
3 24/73 32.9% 20/65 30.8% 12/48 25.0% 4/13 30.8%
4 11/30 36.7% 8/23 34.8% 4/15 26.7% 12 50.0%
5 10/44 22.7% 6/36 16.7% 3/25 12.0% 0/7 0%
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Table 3. Retinopathy level at 6 years in those without MAs at
3 years

No. of micro- no retino- MA More Total

aneurysms pathy only severe

at entry

0 600 196 100 896
67.0 21.9 11.1

1 69 38 16 123
56.1 30.9 13.0

2 24 11 8 43
55.8 25.6 18.6

3 11 5 1 17
64.7 29.4 5.9

4 5 3 1 9
55.5 33.3 11.1

5 or more 5 1 2 8
62.5 12.5 25.0

Mantel Haenszel chi-squared for trend 0.936, p = 0.333
Numbers in italics indicate percentage

1809 315 153 73 30 44
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Fig.1. Retinopathy at 3 years by number of microaneurysms
at entry. Number above columns shows total number of eyes
in that group. Vertical axis shows per cent of eyes in each cate-
gory indicated in to the right of the columns. Clear part of col-
umn with asterisk shows per cent of eyes in which the microan-
eurysms have disappeared. *~ MA disappeared; [] no retinop-
athy; i MA only; £ 35 < 35 and 35/35; 7 43 < 43 and worse;
W photocoagulation or vitreous haemorrhage

MAs at entry and the 6 year retinopathy level. This
shows that there is no difference in retinopathy sever-
ity at 6 years between those with and those without
MAs at 3 years.

Formation of microaneurysms. This study does not al-
low for determination of the formation rate of new
MAs, because only the total number of MAs was
counted. The patients, however, who developed,
MAs only when they had no retinopathy at a previous
visit was approximately 20 % at each 3 year interval;
19.7% between entry and 3 years; 24.7% between
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Fig.2. Retinopathy at 6 years by number of microaneurysms
at entry. Annotation as in Fig. 1

891 180 77

100% -
90%
80% i
70%
60% -1
50%

40%
30% i bn |
20% -
10% -

0% -

0 1 2 3 4 >4

Fig.3. Retinopathy at 9 years by number of microaneurysms
at entry. Annotation as in Fig.1

3year and 6 years, whereas between 6 and 9 years
20.9% developed MA for the first time. Table 4 sum-
marises data on risk of retinopathy for patients with-
out MAs at entry who had photos at 3, 6 and 9 years.

Progression of retinopathy. The progression of reti-
nopathy is shown in Figs. 1-4. These show a pro-
nounced almost linear increase of more severe forms
of retinopathy with increasing number of MAs at en-
try and a concomitant decrease of those without ret-
inopathy. The trend for this was highly statistically
significant; at 6 years chi squared was 75, 1 df,
p <0.0000001, at 9 years chi squared was 61, 1 df,
p <0.0001 and at 12 years chi squared was 4.8, 1 df,
p =0.029.

To determine whether it was the duration of diabe-
tes or the number of MAs which was indicative of
retinopathy progression patients who had no retinop-
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Table 4. Cohort of 508 subjects with no MA at entry with photographs at each of 3, 6 and 9 years

Entry 3 years 6 years 9 years
No MA 167 (32.9)
235 (46.3) MA only 49 (9.6)
No MA > 35 19 (3.7)
No MA 51 (10.0)
No MA 356 (70.1) MA only 88 (17.3) MA only 24 (4.7)
> 35 13 (2.6)
No MA 7(1.4)
=35 33(6.5) MA only 6(1.2)
=35 20 (3.9)
No MA 28 (5.5)
No MA 46 (9.1) MA only 13 (2.6)
=35 5(1.0)
No MA 18 (3.5)
508 MA only 100 (19.7) MA only 37(73) MA only 11(22)
No MA =35 8 (1.6)
No MA 3(0.6)
=35 17 (3.3) MA only 2(0.4)
=35 12 (2.4)
No MA 5(1.0)
No MA 9(1.8) MA only 1(0.2)
=35 3(0.6)
No MA 1(0.2)
=35 52 (10.2) MA only 8 (1.6) MA only 2 (0.4)
=35 5(1.0)
No MA 4(0.8)
=35 35(6.9) MA only 2(0.4)
> 35 29 (5.7)
athy or MAs only at 3 years had their progression  Discussion

evaluated at 9 years (i.e. 6 years later, to make it
comparable to the study between entry and 6 years).
There was a similar almost linear increase in the de-
velopment of more severe retinopathy with an in-
creasing number of MAs, the trend using chi squared
being 52,1 df, p <0.0000001 (Fig.5). Indeed there is
no statistically significant difference between Fig.2
and 5.

This study shows that MAs are important predictive
lesions for progression of diabetic retinopathy. There
was an almost linear increase of severity of retinopa-
thy and attainment of the end points of vitreous
haemorrhage or photocoagulation with increasing
number of the aneurysms and increasing duration of
follow up. It might be expected that with longer dura-
tion of diabetes more severe lesions would be noted
but comparing the progression between entry and
6 years with that of 3 to 9 years, the increase in reti-
nopathy is very similar. The number of patients devel-
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Fig.4. Retinopathy at 12 years by number of microaneurysms
at entry. Annotation as in Fig. 1

oping MAs for the first time was also similar at the
3 year intervals.

In this predictive value of the number of MAs for
worsening retinopathy our findings are not dissimilar
from the Wisconsin study [7, 8]. At the 4 year exami-
nation in Wisconsin it was noted that those with 4 or
more aneurysms had a statistically significantly in-
creased trend to develop level 41 of the Wisconsin
grading system [5] a level which indicated propensity
to develop sight threatening retinopathy. Patients
who increased their MA number and in whom the ra-
tio of 4 year to entry MA number was highest were
most likely to develop proliferative retinopathy and
clinically significant macular oedema at 10 years.
This was most pronounced in those who increased
their MA number by 16 or more by 4 years. (The pre-
sent study truncated counting before this number).

In our study at 6 years of patients with 2-4 MAs
over 27 % developed more severe non-proliferative
retinopathy, (level 35 < 35 or 35/35) and up to 4.6 %
reached the end point of vitreous haemorrhage or pho-
tocoagulation. In those with 5 or more MAs, nearly
53 % progressed to retinopathy, 2.8 % reached moder-
ate to severe non-proliferative retinopathy (level
43 < 43 and worse) and 5.6 % had photocoagulation
or vitreous haemorrhage. Similarly, of the 22 patients
who had 5 or more MAs at 3 years 11 or 50 % deterio-
rated to level 35 < 35 or 35/35 and 2 (9.1 %) reached
level 43 in at least 1 eye. Much larger numbers of MAs
were counted in the Wisconsin study, [7, 8] but they
used 7 standard field stereo pair photographs and
counted all MAs found and in our study the counting
was less detailed. Also all of the patients in that study
were among the younger patients with onset of Type |
(insulin-dependent) diabetes mellitus and many had
diabetes for many years before entering the study.

The large number of patients who had MAs at en-
tering the study could be explained by the possibility
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Fig.5. Retinopathy at 9 years by number of microaneurysms
at 3 years. Annotation as in Fig. 1

that these patients had undiagnosed diabetes for
some years before diagnosis. In a study which com-
bined Wisconsin and Australian population-based
studies [7] it was estimated that patients who have re-
tinopathy at the time of diabetes diagnosis had the
disease for between 4 and 7 years. The finding that
about 20 % of those without retinopathy at diagnosis
in this study developed at least MAs by 6 years sug-
gest that these patients were more similar to the Wis-
consin than the Australian patients. The steady 20 %
developing MAs if they had no retinopathy 3 years
previously could support the finding that the forma-
tion rate of M As is independent of blood glucose con-
trol and other medical variables [7] and these factors
only affect the more severe forms of retinopathy.
That patients with a greater number of MAs had a
more rapid advance to more severe forms of retinop-
athy also suggests that these patients may have had a
longer duration of undiagnosed diabetes [9].

To be noted from this study is that MAs are impor-
tant lesions which predict the progression of retinop-
athy. The presence of even one or two MAs only
should alert doctors of the importance of careful fol-
low-up of these patients. Screening techniques which
miss MAs, such as Polaroid and some digital photo-
graphs should be ideally repeated at yearly intervals
if possibly sight threatening lesions are to be recog-
nised early.
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