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Purpose:

 

We evaluated the relationship between long-term glycemic control and the pro-
portion of patients developing proliferative diabetic retinopathy (PDR) among cases with
mild type preproliferative diabetic retinopathy (PPDR).

 

Methods:

 

The relationship was evaluated between the mean hemoglobin A

 

1C

 

 (HbA

 

1C

 

) value
during a period of at least 2 years and the proportion of patients developing PDR among
cases with mild type PPDR, based on our previously proposed subclassification.

 

Results:

 

During follow-up, 27% of the total PPDR cases developed PDR. The mean HbA

 

1C

 

value in those patients who had developed PDR was 9.4% and was significantly higher than
the 7.6% in those who had not developed PDR. The proportion developing PDR was 48% of
the cases with a mean HbA

 

1C

 

 value of 8.6% or more. By comparison, the proportion devel-
oping PDR was 8% among those with a mean HbA

 

1C

 

 value below 8.6%. The proportion de-
veloping PDR was estimated to approximately double with each 1% increase in the mean
HbA

 

1C

 

 value. The cumulative occurrence rates of PDR at 2, 5, and 10 years were estimated
to be 5%, 28%, and 60% in cases with a mean HbA

 

1C

 

 value of 8.6% or more, and 0%, 7%,
and 14% in those with a mean HbA

 

1C

 

 value below 8.6%, respectively.

 

Conclusion:

 

Stricter systemic and ophthalmological control is indicated for cases with a
mean HbA

 

1C

 

 value exceeding 8.6%.
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Introduction

 

In a detailed study of systemic factors associated
with the progression of retinopathy, Funatsu et al

 

1

 

found only glycemic control to be a significant fac-
tor. However, in their study, progression of retinopa-
thy was evaluated in patients with simple diabetic re-
tinopathy. To our knowledge, no study has as yet
focused on the relationship between long-term gly-
cemic control and the proportion of patients with

preproliferative diabetic retinopathy (PPDR) who go
on to develop proliferative diabetic retinopathy (PDR).

We previously reported the results of a 1-year fol-
low-up of PPDR cases subclassified as mild, moder-
ate, or severe type according to our criteria.

 

2

 

 We
subsequently reported the results of long-term fol-
low-up, ie, 2 or more years.

 

3

 

 In this study, in patients
with mild type PPDR, the association between long-
term glycemic control and the incidence of PDR de-
velopment was evaluated.

 

Materials and Methods

 

Among patients with PPDR who in principle were
followed up at our department for 2 years or more
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by fluorescein angiography at 6-month intervals, 45
patients diagnosed as having the mild type at the
first examination were enrolled in this study.

Ages of patients at the time mild type PPDR was
diagnosed ranged from 37 to 75 years (55.9 

 

�

 

 8.1
years: mean 

 

�

 

 SD). All patients had had type 2 dia-
betes mellitus for a duration of 1–30 years (10.8 

 

�

 

6.4 years). The follow-up period was 2–12 years (6
years and 10 months 

 

�

 

 3 years and 6 months). Dur-
ing follow-up, 25 patients showed progression from
the mild type to the moderate or severe type and un-
derwent photocoagulation of nonperfused areas.

The association between glycemic control, using
the hemoglobin A

 

1C

 

 (HbA

 

1C

 

) value as a parameter,
and the incidence of PDR development was evalu-
ated by methods such as the Kaplan-Meier method.

 

Differences were analyzed by unpaired 

 

t

 

-test,
Fisher’s direct probability calculation method, and
the log rank test, and 

 

P

 

 

 

�

 

 .05 was considered to be
significant.

The mild, moderate, and severe types in our
PPDR subclassification were defined as follows

 

2

 

:
mild type: ophthalmoscopy shows scattering of soft
exudates, and fluorescein angiography reveals corre-
sponding filling defects but no definite nonperfused
areas (Figure 1A); moderate type: soft exudates and
definite nonperfused areas are observed, by fluores-
cein angiography, other than in filling defects corre-
sponding to the soft exudates (Figure 1B); severe
type: venous beading, in addition to soft exudates
and definite nonperfused areas, are observed (Fig-
ure 1C). A standard photograph of minimal venous
beading was used to assess the presence or absence
of venous beading.

 

2

 

Results

 

Incidence of PDR Development During Entire 
Follow-up Period

 

During the follow-up period, PDR developed in
12 (27%) of the 45 patients.

At the development of PDR, ages of patients

Figure 1. Subclassification of preproliferative diabetic ret-
inopathy. Findings by fluorescein angiography. (A) Mild
type: Arrows show filling defects corresponding to soft ex-
udates, but there are no definite nonperfused areas or
venous beading. (B) Moderate type: Arrows indicate non-
perfused areas. This perfusion state was regarded as lower
limit for definition of nonperfusion area. (C) Severe type:
Arrows indicate venous beading.
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ranged from 42–84 years (61.3 

 

�

 

 11.7 years), and the
duration of diabetes mellitus was 5–25 years (16.3 

 

�

 

5.6 years). The interval between the diagnosis of
mild type PPDR and PDR development ranged
from 2 years and 3 months to 14 years and 10 months
(6 years and 2 months 

 

�

 

 3 years and 4 months). In pa-
tients with mild type PPDR in both eyes, progression
to PDR in 1 eye was regarded as PDR development.

 

Mean HbA

 

1C

 

 Value and PDR Development

 

The association between the mean HbA

 

1C

 

 value
during follow-up and PDR development was evalu-
ated. The mean HbA

 

1C

 

 value was 9.4% 

 

�

 

 1.3% in 12
patients who developed PDR and 7.6% 

 

�

 

 1.4% in the
other 33 who did not develop PDR. This difference is
significant (unpaired 

 

t

 

-test, 

 

P

 

 

 

�

 

.0004; Table 1).

 

Mean HbA

 

1C

 

 Value and PDR Incidence

 

A significant difference was observed in the inci-
dence of PDR between patients with a mean HbA

 

1C

 

value of 8.6% or more and those with a mean HbA

 

1C

 

value below 8.6%. PDR developed in 10 (48%) of
the 21 patients with a mean HbA

 

1C

 

 value of 8.6% or
more and in 2 (8%) of 24 patients with a mean
HbA

 

1C

 

 value below 8.6%; the incidence of PDR was
significantly higher in the former (Fisher’s direct
probability calculation method, 

 

P

 

 

 

�

 

 .004; Table 2).
As the mean HbA

 

1C

 

 value rose, the incidence of
PDR increased; PDR developed in none of 3, 1 (8%)
of 12, 1 (17%) of 6, 1 (10%) of 10, 4 (57%) of 7 and 5
(71%) of 7 patients with a mean HbA

 

1C

 

 value be-
tween 5% and 6%, 6% and 7%, 7% and 8%, 8% and
9%, 9% and 10% and 10% and 11%, respectively
(Figure 2). Analysis using the Cox proportional haz-
ards model showed a hazard ratio of 1.89, indicating
an approximately twofold increase in the incidence
of PDR with each 1% increase in the mean HbA

 

1C

 

value.

 

Cumulative Incidence of PDR Development

 

The cumulative incidence of PDR at 2, 5, and 10
years estimated by the Kaplan-Meier method was

5%, 28%, and 60%, respectively, in patients with a
mean HbA

 

1C

 

 value of 8.6% or more and 0%, 7%,
and 14%, respectively, in those with a mean HbA

 

1C

 

value of below 8.6% (Figure 3) showing significant
differences between the two groups (Log rank test,

 

P

 

 

 

�

 

 .04).

 

Discussion

 

Glycemic control, patient age at diagnosis of diabe-
tes mellitus, disease duration, sex, and glycemic con-
trol methods have been suggested as systemic factors
that are significantly associated with the develop-
ment of diabetic retinopathy.

 

4

 

 On the other hand, Fu-
natsu et al

 

1

 

 evaluated in detail systemic factors associ-
ated with the progression of retinopathy and found
only glycemic control to be significant. In this study,
progression to PDR was evaluated in patients with
PPDR. Glycemic control, using the HbA

 

1C

 

 value as a
parameter, was assessed as a systemic factor.

We previously evaluated the long-term follow-up
results of cases with mild and moderate type PPDR
for 2 years or more (mean 

 

�

 

 6 years and 3 months)
and observed the mean interval between PPDR di-
agnosis and PDR development to be 6 years and 5
months for the mild type but only 2 years for the

 

Table 1.

 

 Mean Hemoglobin A

 

1C

 

 (HbA

 

1C

 

) Value and 
Whether or Not There is Proliferative Diabetic 
Retinopathy (PDR) Development

 

PDR Development
(

 

�

 

)
PDR Development 

(

 

�

 

)

Mean HbA

 

1C

 

 value 9.4 

 

�

 

 1.3% 7.6 

 

�

 

 1.4%

 

P

 

 value

 

�

 

.0004

 

Table 2.

 

 Mean Hemoglobin A

 

1C

 

 (HbA

 

1C

 

) Value and 
Incidence of Proliferative Diabetic Retinopathy (PDR)

 

Mean HbA

 

1C

 

 Value PDR Development

 

�

 

8.6% 10/21 cases (48%)

 

�

 

8.6% 2/24 cases (8%)

 

P

 

 value

 

�

 

.004

*Comparison between mean HbA

 

1C

 

 

 

�

 

 8.6% and 

 

�

 

8.6%.

Figure 2. Incidence of proliferative diabetic retinopathy
(PDR) development according to mean hemoglobin A1C
value.
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moderate type.

 

3

 

 The purpose of this study was to
evaluate the association between long-term glycemic
control, ie, for 2 years or more, and PDR develop-
ment. Therefore, patients with the mild type showing
slow progression were selected as subjects.

As described above, both the incidence and the cu-
mulative incidence of PDR estimated by the Kaplan-
Meier method differed markedly between patients
with a mean HbA

 

1C

 

 value of 8.6% or more and those
with a mean HbA

 

1C

 

 value below 8.6%. The overall in-
cidence of PDR was 27%, with PDR developing in
about 50% of the former but in less than 10% of the
latter. The cumulative incidence at 2, 5, and 10 years
was less than 10%, approximately 30%, and approxi-
mately 60%, respectively, in patients with a mean
HbA

 

1C

 

 of value 8.6% or more; in patients with a mean
HbA

 

1C

 

 below 8.6%, the cumulative incidence was
0%, less than 10%, and less than 20%, respectively.

In the field of ophthalmology in Japan, Funatsu et al

 

5

 

evaluated the association between the mean Hb

 

A1

 

 value
and changes in stage according to the Fukuda classifica-
tion. They reported the stage of diabetic retinopathy to
be closely associated with the mean Hb

 

A1

 

 value, show-
ing aggravation of retinopathy above a mean Hb

 

A1

 

value of 9.53%. Although direct comparison between
HbA

 

1

 

 and HbA

 

1C

 

 is difficult, the mean HbA

 

1

 

 and
HbA

 

1C

 

 values in normal subjects were reported to be
6.9% 

 

�

 

 0.7% and 4.3% 

 

�

 

 0.6%, respectively.

 

6

 

Therefore, the HbA

 

1

 

 value of 9.53% reported by
Funatsu et al

 

5

 

 is estimated to correspond to an
HbA

 

1C

 

 value of approximately 7.0%.
A representative investigation in the medical field

in Japan is the Kumamoto study

 

7,8

 

 in which the de-
velopment and progression of complications includ-
ing retinopathy in type 2 diabetes mellitus patients
were prospectively investigated. In the Kumamoto
study, the HbA

 

1C

 

 value predicting inhibition of the
development and/or progression of retinopathy was

6.5% or less. Despite this low value, the observed
HbA

 

1C

 

 value in the group showing aggravation of re-
tinopathy was 8.1% 

 

�

 

 0.3%

 

7

 

or 9.3% 

 

�

 

 1.1%.

 

8

 

As described above, the subjects in both the Fu-
natsu study

 

5

 

 and the Kumamoto study

 

7,8

 

 were dia-
betic patients without retinopathy or with simple di-
abetic retinopathy. Aggravation of retinopathy was
diagnosed by the presence of changes in the Fukuda
stage in Funatsu’s study and changes of grade 2 or
more in severity according to the modified Early
Treatment Diabetic Retinopathy Study grading of
diabetic retinopathy in the Kumamoto study. In our
study, the subjects had mild type PPDR, and aggra-
vation of retinopathy was determined based on
whether or not there was progression to PDR.
Therefore, it is difficult to compare the HbA

 

1C

 

 value
of 8.6% observed in our study with the valuation of
the group showing aggravation of retinopathy in the
Kumamoto study.

As mentioned above, the association between long-
term glycemic control and PDR development was
evaluated in patients with mild type PPDR in the
present study. The mean HbA

 

1C value was signifi-
cantly higher in patients who developed PDR, and a
marked difference in PDR incidence was observed
when an HbA1C value of 8.6% was used as the cut-off.

Therefore, physicians in charge of systemic control
should understand that the incidence of PDR increases
when the HbA1C value exceeds 8.6% in patients with
mild type PPDR. In patients persistently showing an
HbA1C value of 8.6% or more, stricter ophthalmologi-
cal management, such as increasing the frequency of
fluorescein angiography, may be necessary.

In this study, because the number of subjects was
small, the effects of glycemic control in patients who
showed progression from the mild type to the mod-
erate or severe type could not be evaluated. We in-
tend to evaluate these effects in additional cases.

The authors wish to express their deep gratitude to all cooperating
physicians including those of the Third Medical Department of
Nihon University School of Medicine and of Hitotsubashi Clinic.

This paper was published in Japanese in the Nippon Ganka
Gakkai Zasshi (J Jpn Ophthalmol Soc) 2001;105:322–5. It appears
here in a modified form after peer review and editing for the Jap-
anese Journal of Ophthalmology.

References
1. Funatsu H, Hori S, Ohashi Y, Ishigaki T. Risk factors for occur-

rence and progression of diabetic retinopathy. Nippon Ganka
Gakkai Zasshi (J Jpn Ophthalmol Soc) 1993;97:939–46.

Figure 3. Cumulative incidence of proliferative diabetic
retinopathy (PDR). Comparison between mean hemoglo-
bin A1C � 8.6% versus � 8.6%.



Y. SATO ET AL. 527
SUBCLASSIFICATION OF PPDR AND GLYCEMIC CONTROL

2. Sato Y, Kamata A, Matsui M. Subclassification of pre-prolifer-
ative diabetic retinopathy. Jpn J Ophthalmol 1993;37:490–8.

3. Sato Y, Lee Z. The sub-classification and long-term prognosis
of preproliferative diabetic retinopathy. Nippon Ganka Gakkai
Zasshi (J Jpn Ophthalmol Soc) 2001;105:394–8.

4. Funatsu H, Yamashita H. Factors related to onset and progres-
sion of diabetic retinopathy. 1. Systemic factor. In: Hori S, ed.
Ganka Mook 46 [Diabetic disease and ophthalmic practice]. To-
kyo: Kanehara, 1991:17–33 (in Japanese, author’s translation).

5. Funatsu H, Kitano S, Ogihara Y, Mizobuchi K, Hori S, Mi-
yakawa K. Relationship between diabetic retinopathy and clini-

cal factors including hemoglobin A1. Rinsho Ganka (Jpn J Clin
Ophthalmol) 1987;41:1121–5.

6. Oimomi M. Hemoglobin A1. Nippon Rinsho 1990;48:315–22.

7. Ohkubo Y, Kishikawa H, Ura S, et al. Effects of strict glycemic
control an diabetic retinopathy: primary prevention and sec-
ondary intervention in a randomized prospective 5-year study.
Ann Jpn Soc Res Diabetic Complicat 1994;7:62–9.

8. Ohkubo Y, Kishikawa H, Araki E, et al. Intensive insulin ther-
apy prevents the progression of diabetic microvascular compli-
cations in Japanese patients with noninsulin-dependent diabe-
tes mellitus: a randomized prospective 6-year study. Diabetic
Res Clin Pract 1995;28:103–17.


