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Purpose: We followed up 54 patients (95 eyes) with preproliferative diabetic retinopathy
(PPDR) for at least 2 years, and then evaluated the proportion developing proliferative dia-
betic retinopathy (PDR), and the period from diagnosis of PPDR until the development of
PDR.

Methods: We divided the 95 eyes affected by PPDR into 75 eyes with mild-type and 20 eyes
with moderate-type based on our previously proposed subclassification, and evaluated long-
term (2 or more years) prognosis.

Results: The proportion developing PDR was 24% in mild-type and 60% in moderate-type.
The average period from diagnosis of PPDR until the development of PDR was 6 years and
5 months in mild-type, 2 years in moderate-type. The cumulative occurrence rates of PDR at
2,5, and 10 years were estimated to be 0%, 14%, and 39% in mild-type and 35%, 58 %, and
79% in moderate-type, respectively. The proportion developing PDR was significantly
higher and the average period until PDR development significantly shorter in moderate than
in mild-type. In mild-type eyes, the rate of progression to moderate-type was 56% and fur-
ther progression from moderate-type to PDR occurred in 43%.

Conclusion: The above results again confirm the usefulness of our subclassification, and also
provide valuable information about the long-term prognosis of PPDR. Jpn J Ophthalmol
2002;46:323-329 © 2002 Japanese Ophthalmological Society
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eas (Figure 1B); and (3) severe-type showing soft ex-
udates, nonperfused areas, and venous beading (Fig-
ure 1C). In this study, the incidence of PDR and the
time until the development of PDR were evaluated
in cases that could be followed up for at least 2 years.

Introduction

No studies on the long-term course of preprolifer-
ative diabetic retinopathy (PPDR) have evaluated in
detail the incidence of proliferative diabetic retinop-
athy (PDR) or the duration of the period from the
diagnosis of PPDR until the development of PDR.
We previously subclassified PPDR into the following
three types and observed the course for 1 year!: (1)

Materials and Methods

mild-type in which ophthalmoscopy shows scattered
soft exudates, and fluorescein angiography reveals
only corresponding filling defects, but no definite
nonperfused areas (Figure 1A); (2) moderate-type
showing soft exudates and definite nonperfused ar-
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The subjects were 54 patients (95 eyes) followed
up for 2 to 12 years (mean = SD = 6 years and 3
months * 3 years and 8 months) at our department
by fluorescein angiography at 6-month intervals, in
principle.

The ages of patients at the initiation of this investi-
gation ranged from 37 to 75 years (mean * SD =
55.6 = 7.5 years), and the estimated duration of dia-
betes mellitus was 1 to 28 years (mean = SD = 9.4 =
6.2 years).
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Figure 1. Subclassification of preproliferative diabetic retinopathy (findings of fluorescein angiography). (A) Mild-type:
The arrows indicate filling defects corresponding to soft exudates. Neither nonperfused areas nor venous beading are
present. (B) Moderate-type: The arrows indicate areas of nonperfusion. This perfusion state was regarded as the lower limit
of nonperfusion. (C) Severe-type: The arrows indicate venous beading.

At the time of the initial examination, mild-type
PPDR was observed in 75 eyes and moderate-type
PPDR, in 20. Because there were only a few patients
with the severe-type, only the mild- and moderate-
types were evaluated in this study.

The progression rate of retinopathy was estimated
by the Kaplan-Meier method. For statistical analysis,
the x? test, log-rank test, and Student t-test were
used. P < .05 was considered significant.

Results
Incidence of PDR in All Eyes

Of the 95 eyes, 31 (32%) developed PDR. The cu-
mulative incidence of PDR estimated by the Kaplan-
Meier method (Figure 2) was 7% at 2 years, 23% at
S years, and 45% at 10 years. The patient ages
ranged from 37 to 69 years (mean * SD = 55.0 = 7.7
years) in cases that developed PDR and from 42 to

75 years (mean = SD = 56.0 £ 7.2 years) in those
that did not develop PDR.

There was no significant difference between the
two groups (Student t-test, P = .64).

Incidence of PDR
in the Mild- and Moderate-types

PDR developed in 18 (24%) of the 75 eyes with
mild-type at the initial examination and in 12 (60%)
of the 20 eyes with moderate-type. The incidence of
PDR was significantly higher for the moderate than
the mild-type (x? test, P < .005). In cases with mild-
type, the patient age ranged from 37 to 69 years
(mean = SD = 56.1 + 9.3 years) in those who devel-
oped PDR, and from 42 to 75 years (mean = SD =
55.6 £ 7.5 years) in those who did not develop PDR.
There was no significant difference between the two
groups (Student ¢-test, P = .86). On the other hand,
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Figure 2. Cumulative incidence of proliferative diabetic
retinopathy in all eyes.

in cases with moderate-type, the patient age ranged
from 45 to 62 years (mean * SD = 53.5 = 5.1 years)
in cases that developed PDR and from 54 to 65 years
(mean = SD = 58.8 + 4.6 years) in cases that did not
develop PDR. There was no significant difference
between the two groups (Student ¢-test, P = .11).

In the eyes with the mild-type, the period until the
development of PDR was 2 years and 3 months to 16
years and 2 months (mean = SD = 6 years and 5
months * 3 years and 10 months; Table 1). The cu-
mulative incidence of PDR for the mild-type was es-
timated to be 0% at 2 years, 14% at 5 years, and 39%
at 10 years. In eyes with the moderate-type, the period
until the development of PDR was 7 months to 5 years
and 4 months (mean = SD = 2 years = 1 year and 6
months). The cumulative incidence of PDR for the
moderate-type was 35% at 2 years, 58% at 5 years,
and 79% at 10 years (Figure 3). The period until the
development of PDR was significantly shorter for

Table 1. Incidence and Duration Until Development of
Proliferative Diabetic Retinopathy (PDR) for the Mild-
and Moderate-types at Initial Examination

Incidence
of PDR Duration Until
Development* PDR Development®
Mild-type* 18/75 eyes (24) 6y and 5 mo = 3y and 10 mo
Moderate-type*  12/20 eyes (60) 2y *=1yand6mo
P value <.005 <.0001

*Values in parentheses are percentages.
fValues are mean *+ SD.
fAt initial examination.
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Figure 3. Cumulative incidence of proliferative diabetic
retinopathy for mild and moderate-types. Solid line: mild-
type, broken line: moderate-type.

the moderate-type than for the mild-type (log-rank
test, P < .0001).

Courses of 75 Eyes
with Mild-type at the Initial Examination

The incidence of progression from mild- to moder-
ate-type and that of further progression from moder-
ate-type to PDR were evaluated. Of the 75 eyes with
the mild-type at the initial examination, 42 (56%)
showed progression to the moderate-type during the
course of follow-up. The cumulative incidence of
progression from mild to moderate-type was esti-
mated to be 25% at 2 years, 52% at 5 years, and 63%
at 10 years (Figure 4).

Of the 42 eyes that showed progression to the
moderate-type, 18 (43%) showed further progres-
sion to PDR. The period from progression to the
moderate-type until the development of PDR was 7
months to 5 years and 9 months (mean = SD = 2
years and 5 months = 1 year and 5 months; Table 2).
The cumulative incidence of PDR was estimated to
be 28% at 2 years, 53% at 5 years, and 63% at 10
years (Figure 5). The cumulative incidence of pro-
gression from mild to moderate-type was similar to
that of progression from moderate-type to PDR.

A few eyes with the mild-type at the time of the ini-
tial examination showed progression to the moderate-
type and further progression to the severe-type.

However, statistical analysis was not possible be-
cause of the small number of severe cases. Therefore,
these eyes were included among those that showed
“progression to the moderate-type” in this study.
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Figure 4. Cumulative incidence of progression from mild
to moderate-type and that of progression from moderate-
type to proliferative diabetic retinopathy (PDR) in 75 eyes
with mild-type at the initial examination. Solid line: pro-
gression from mild to moderate-type, broken line: progre-
sion from moderate-type to PDR.

The Incidence of PDR in the Moderate-type

As described above, 42 eyes that were considered
mild-type at the initial examination progressed to
the moderate-type: of these, 43% showed further
progression to PDR. Of the 20 eyes with the moderate-
type at the time of initial examination, 60% showed
progression to PDR. The incidence of further pro-
gression to PDR was higher for the moderate than
the mild-type at the initial examination, but the dif-
ference did not reach statistical significance (x? test,
P > 2). The mean period until the development of
PDR was 2 years and 5 months for the mild-type at the
initial examination that progressed to the moderate-
type and 2 years for the moderate-type at the initial

Table 2. Incidence and Duration Until Development of
Proliferative Diabetic Retinopathy (PDR) for the
Moderate Type

Incidence
of PDR Duration Until
Development* PDR Development®

Mild-type* —

Moderate- 18/42 eyes (43) 2yand Smo * 1yand 5 mo

type
Moderate-type*  12/29 eyes (60) 2y *1yand6mo

(initial)
P value >2 >.08

*Values in parentheses are percentages.
"Values are mean *+ SD.
At the initial examination.
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Figure 5. Cumulative incidence of proliferative diabetic
retinopathy (PDR) for the mild-type at the initial exami-
nation that progressed to the moderate-type and for the
moderate-type at the initial examination. Solid line: pro-
gression from mild-type at the initial examination to PDR,
broken line: progression from moderate-type at the initial
examination to PDR, mild-type (initial): mild-type at the
initial examination, moderate-type (initial): moderate-
type at the initial examination.

examination (log-rank test, P > .08); the cumulative in-
cidence of PDR was also similar in the two types.

Discussion

We previously followed up 155 eyes with PPDR
for 1 year! and observed the development of PDR in
16% (0% for the mild-type, 17% for the moderate-
type, and 46% for the severe-type at the initial ex-
amination). In this study, 75 eyes with the mild-type
and 20 with the moderate-type at the initial examina-
tion (total, 95 eyes) were followed up for at least 2
years (mean = 6 years and 3 months), and the inci-
dence of PDR was 32%. The cumulative incidence
of PDR estimated by the Kaplan-Meier method was
approximately 10% at 2 years, 20% at 5 years, and
50% at 10 years, showing a nearly linear increase as
disease duration increased.

When PPDR was classified at the initial examina-
tion as mild or severe, 24% of the eyes with the mild-
type showed progression to PDR during the course
of follow-up. The interval between the diagnosis of
the mild-type and the development of PDR varied
from 2 years and 3 months to 16 years and 2 months
(mean = 6 years and 5 months). However, the cumu-
lative incidence of PDR was estimated to be 0% at 2
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years, slightly higher than 10% at 5 years, and ap-
proximately 40% even after 10 years, indicating slow
progression of the mild-type.

Of the eyes with mild-type at the initial examina-
tion, approximately 60% showed progression to the
moderate-type, and nearly 40% of the eyes showing
progression to the moderate-type showed further
progression to PDR. The cumulative incidence of
progression from mild to moderate-type was similar
to that of progression from moderate-type to PDR.

To reduce the progression of retinopathy, we pho-
tocoagulated nonperfused areas for the moderate
but not the mild-type. Therefore, when progression
from the moderate-type to PDR is evaluated, con-
sideration should be given to the inhibitory effects of
photocoagulation on progression to PDR.

For the mild-type at the initial examination, the
cumulative incidence of progression from mild to
moderate-type was similar to that of further progres-
sion from moderate-type to PDR, suggesting essen-
tially constant and slow progression of the mild-type.

On the other hand, for the moderate-type at the
initial examination, our previous 1-year follow up
study' revealed a PDR incidence of 18%.

In this study, the incidence of PDR was 60% for
the moderate-type at the initial examination, which
was significantly higher than the PDR incidence for
the mild-type (24%). The cumulative incidence of
PDR at 5 years for the moderate-type was estimated
to be 58%, which was more than three times that for
the mild-type (14%). These results indicate rapid
progression of the moderate-type as compared with
the mild-type at the initial examination.

When ophthalmoscopy reveals soft exudates, we
make a diagnosis of PPDR and perform fluorescein
angiography.® For the mild-type showing only filling
defects corresponding to soft exudates but no defi-
nite nonperfused areas on fluorescein angiograms at
the initial examination, fluorescein angiography is
repeated at 6-month intervals. When definite non-
perfused areas are observed, progression to the
moderate-type is diagnosed. When new blood ves-
sels are confirmed, progression to PDR is diagnosed.

Therefore, in eyes with the mild-type at the initial ex-
amination, progression to the moderate-type or PDR
may have been accurately diagnosed. However, in eyes
with the moderate-type already showing nonperfused
areas at the initial examination, the possibility that a
long period has passed because progression to the
moderate-type cannot be excluded. Therefore, the in-
terval between diagnosis of the moderate-type and pro-
gression to PDR may not have been accurately deter-
mined. However, as described above, there were no
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marked differences in the incidence of PDR or the pe-
riod until the development of PDR between the mild-
type at the initial examination that progressed to the
moderate-type and the moderate-type at the initial ex-
amination, and the cumulative incidence of PDR was
also similar in the two. Therefore, the progression rate
appeared to have been fairly accurately estimated even
for the moderate-type at the initial examination.

Niki et al”> and Ando?® proposed subclassifications of
PPDR. Niki et al’ evaluated in detail the distribution
and extension rate of nonperfused areas in early stage
retinopathy while Ando’ carefully analyzed back-
ground factors in cases showing progression to PDR.
However, there were no descriptions of the incidence
of PDR developing from PPDR or the period until the
development of PDR in their studies. To our knowl-
edge, there has been only one such study, by Shimizu
et al,* who observed the course for 3 years.

They reported the incidence of PDR to be 29% in
the group treated by photocoagulation to inhibit the
progression of retinopathy, 57% in the group who
were only observed, and 38% in all cases.

In this study, though not described in the Results
section, the incidence of PDR at 3 years was 22% in
all eyes, being lower than that reported by Shimizu
et al.* This lower incidence may be because only
moderate to severe cases according to our classifica-
tion, ie, no mild cases, were included in the study by
Shimizu. Though also not shown in the results, the
incidence of PDR at 3 years for the moderate-type at
the initial examination was 45%, which was similar
to the 38% reported by Shimizu et al.*

In eyes with the mild and moderate-types at the
time of initial examination that could be observed
for at least 2 years, the incidence of PDR and the in-
terval between the diagnosis of PPDR and the devel-
opment of PDR were evaluated.

The outcomes also differed between the mild and
moderate-types after a long course, ie, 2 years or
more. This result confirmed the usefulness of our sub-
classification. In our previous study, eyes with the
mild or moderate-type accounted for about 90% of
the 155 eyes with PPDR.! The results of this study on
mild and moderate-types may provide useful informa-
tion for evaluating the long-term prognosis of PPDR.

In the future, systemic factors such as control of
blood glucose should be included among the items
evaluated. In this study, when ophthalmoscopy re-
vealed soft exudates, a diagnosis of PPDR was made,
and fluorescein angiography was performed. There-
fore, it is possible that this study did not include
PPDR cases showing nonperfused areas without soft
exudates.’
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These problems require further study.

This paper was published in Japanese in the Nippon Ganka Gak-
kai Zasshi (J Jpn Ophthalmol Soc) 2001:105;394-398. It appears
here in a modified form after peer review and editing for the Jap-
anese Journal of Ophthalmology.

References

1. Sato Y, Kamata A, Matsui M. Subclassification of pre-prolifer-
ative diabetic retinopathy. Jpn J Ophthalmol. 1993;37:490-498.

329

. Niki T, Muraoka K, Kitagawa M, Hasumuma T, Awane H,

Maeda Y. Significance and distribution of capillary nonperfu-
sion in the progression of diabetic retinopathy. Nippon Ganka
Gakkai Zasshi (Acta Soc Ophthalmol Jpn) 1984;88:954-973.

. Ando N. Management of preproliferative diabetic retinopathy.

Nihon Ganka Kiyo (Folia Ophthalmol Jpn) 1987;38:667—675.

. Shimizu Y, Kojima K. Clinical analysis of preproliferative dia-

betic retinopathy. Nihon Ganka Kiyo (Folia Ophthalmol Jpn)
1989;40:1635-1642.

. Shimizu K, Noyori K. Preproliferative diabetic retinopathy. In:

Shimizu K, ed. Diabetic retinopathy. Tokyo: Igaku-shoin,
1984:71-81. (Article in Japanese, Title: Author’s translation)



