
Abstract

Aims/hypothesis. Universal worsening of retinopathy
after starting insulin therapy in Type 2 diabetes has
been suggested in previous work.
Methods. We studied 294 such patients for up to 
5 years to evaluate retinal changes and define the fac-
tors affecting progression of retinopathy. Yearly reti-
nal photographs were graded using the EURODIAB
system.
Results. Prior to insulin therapy, 26.2% (77/294) of
the patients had minimal non-proliferative diabetic
retinopathy (NPDR), 3.7% (n=11) had moderate
NPDR and 1% (n=3) had severe NPDR. Over the first
3 years of insulin therapy, significant progression oc-
curred in 36 subjects (12.6%). This comprised 5/193
(2.6%) without any retinopathy at baseline, 22/77
(28.5%) with minimal NPDR and 6/11 with moderate
NPDR (54.5%) (χ2=56.1, p<0.001). In a control group
of 70 patients who remained on oral hypoglycaemic
agents, nine patients had significant worsening of reti-

nopathy over 3 years. Over 5 years, 22/127 (17.3%) of
patients (9/95 without and 13/32 with retinopathy at
baseline [χ2=16.2, p<0.001]) had significant progres-
sion of retinopathy. Higher baseline HbA1c (p=0.002)
and lower initial decrease in HbA1c (p=0.007) were
each independent predictors of greater retinopathy
progression over this period. There was no significant
worsening of visual acuity in patients whose retinopa-
thy progressed.
Conclusions/interpretation. After initiation of insulin
treatment in Type 2 diabetes, clinically significant
worsening of retinopathy over a 3-year period was un-
common in those with no retinopathy (2.6%) but oc-
curred in 31.8% of patients with any retinopathy at
baseline. The risk of serious worsening of retinopathy
after insulin therapy is started in all patients with
Type 2 diabetes may have been previously overesti-
mated.
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Introduction

Acute tightening of blood glucose control can bring
about worsening of diabetic retinopathy in both types
of diabetes mellitus. This was reported in several large
studies [1, 2, 3, 4] and was confirmed in the Diabetes
Control and Complications Trial (DCCT) [5, 6, 7].
The DCCT study showed deterioration of retinopathy
in patients with Type 1 diabetes during the first 3 to
12 months with intensive therapy, followed by a bene-
ficial effect, which increased in magnitude over time.

Commencement of insulin therapy in Type 2 diabe-
tes has been associated with a two-fold increased risk
of worsening of retinopathy and a three-fold increased



risk of blindness or visual impairment [8]. This re-
quires confirmation, as there have been few long-term
studies on the progression of retinopathy in this group.

The aim of the present study was to assess the reti-
nal changes and visual acuity in patients with Type 2
diabetes, from the time of initiation of insulin therapy,
for a period of up to 5 years.

Subjects and methods

Participants. All patients with Type 2 diabetes who started in-
sulin treatment between 1996 and 1999 and were still attending
the diabetic clinic at Newcastle Diabetes Centre were identified
from the clinic database. The research was carried out in accor-
dance with the Declaration of Helsinki (2000) and all patients
gave informed consent. All the following criteria had to be met
for patients to be included in the study: age at diagnosis of dia-
betes older than 30 years, duration of diabetes at the com-
mencement of insulin therapy more than 2 years, retinal pho-
tographs of both eyes at baseline (time of initiation of insulin)
and yearly thereafter, and change of treatment from oral hypo-
glycaemic agents to insulin between 1996 and 1999. Those who
died within 3 years of follow-up, or had unclear pictures or
non-diabetic eye diseases interfering with the assessment of
photographs, were excluded from the study. We identified 390
patients who started on insulin because of inadequate glycaemic
control, of whom 294 patients met the criteria for inclusion in
the study. Of the 96 patients excluded, 37 patients had died
within 3 years of starting insulin treatment, 17 had poor quality
pictures, 10 had non-diabetic eye diseases, 4 were already reg-
istered blind, and 28 had incomplete data. Six patients who
were included in the study died during the follow-up period but
had sufficient information over at least 3 years. To provide in-
formation on rate of progression of retinopathy in non-insulin-
treated subjects, we selected a group of 70 patients with Type 2
diabetes who were on maximal oral hypoglycaemic agents for 3
years. It was not feasible to match precisely for duration of dia-
betes and HbA1c, and hence the group should not be regarded
as strict control subjects for the insulin-treated patients.

Measurements. All patients had yearly retinal photographs with
mydriasis during the study period (January 1995 to January
2003) in the quality-controlled screening programme reported
previously [9]. Macula- and disc-centred views were taken
through dilated pupils. The photographs were graded for the
study by a single observer (C. S. Arun) against standard pho-
tographs using the EURODIAB grading system [10, 11] (Ta-
ble 1) and each patient was assigned to the level determined by
the worst eye. As Polaroid photographs were used from 1995 to
2000 and two-field digital retinal images have been used since
2000, a sub-study was done to test whether photographic medi-
um affected assessment of EURODIAB scoring. The yearly
rates of change in grade of retinopathy from 1996 to 2001 were
0.09, 0.07, 0.13, 0.15, 0.18 and 0.22 respectively, indicating a
gradual progression through the years and no significant effect
on grading of photographic modality in 2000. This was further
confirmed by considering the percentage of individuals show-
ing no change, worsening or showing improvement each year
(Polaroid [1998–1999] 81.7%, 15.3%, 3.0%, Polaroid
[1999–2000] 76.8%, 19.1%, 4.0%, Polaroid [2000–2001]
76.2%, 19.5%, 4.3%, digital [2001–2002] 75.8%, 22.2%, 2%).

Retinopathy was classified into four categories for analysis:
no retinopathy (EURODIAB grade 0), minimal non-prolifera-
tive retinopathy (NPDR; grade 1), moderate to severe NPDR
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(grade 2 to 3) and proliferative retinopathy (grade 4 to 5). Pa-
tients with laser scars, fibrous bands and pre-retinal or vitreous
haemorrhages were assigned to the proliferative category.
Grading of maculopathy was based on the presence of exu-
dates in the macular region according to a published grading
system: level 0, no maculopathy; 1, questionable (less than
50% certainty of presence of exudates); 2, exudate greater than
one disc diameter from fixation; 3, circinate ring of exudates
within macula greater than one disc area in size but not within
one disc diameter of fixation; 4, exudates within one disc di-
ameter of fixation or presence of focal or grid photocoagula-
tion scars or both; 90, photographs ungradeable [12].

Inter- and intra-observer variation validation. A random sam-
ple of 25 sets of photographs was examined by a consultant
ophthalmologist (R. Pandit). There was 100% agreement with
the primary observer in detection of sight-threatening retinopa-
thy according to the definition used.

The primary grader re-graded 25 sets of photographs select-
ed randomly at the end of the study to assess the within-
observer variation. There was 94% (47/50 eyes) agreement in
the grades assigned, with a kappa coefficient (K) of 0.89 (95%
CI: 0.83–0.95).

In addition, the same 25 sets of photographs were indepen-
dently graded by the Retinal Grading Centre at Hammersmith
Hospital, London, which serves as the UK national grading
centre. There was 92% (46/50 eyes) agreement in grading be-
tween primary grader and the reference standard with a K of
0.85 (95% CI: 0.78–0.92). When retinopathy was classified ac-
cording to the worst eye, there was disagreement in grading in
only one eye (K=0.93±0.07).

Visual acuity (VA) was measured in each eye using Snellen
chart. The value was recorded as the decimal value (i.e.
6/60=0.1, 6/36=0.16, 6/24=0.25, 6/18= 0.33, 6/12=0.5,
6/9=0.66 and 6/6=1) [11].

Definitions. Sight-threatening maculopathy was defined as
presence of hard exudates within one disc diameter of fixation
or presence of focal or grid photocoagulation or both.

Table 1. EURODIAB retinopathy grading system

0 No retinopathy
1 Minimal NPDR HMA = grade 2 to 3 in 1 or 2 fields and/or

HE = grade 2 to 4 in 1 or 2 fields
2 Moderate NPDR HMA = grade 4 in only 1 field or

HMA = grade 2 to 3 in 1 or 2 fields plus:
CWS = grade 2 to 3 in 1 or 2 fields and/or
IRMA = grade 2 in 1 or 2 fields and/or
VB = grade 2 in 1 to 2 fields

3 Severe NPDR HMA = grade 4 in both fields or
HMA =grade 2 to 4 in 1 or 2 fields plus:
CWS = grade 4 in 1 or 2 fields and/or
IRMA = grade 3 in 1 or 2 fields and/or
VB = grade 3 in 1 or 2 fields

4 Photocoagulated Scars of photocoagulation in any field
5 Proliferative Any of the following: new vessels 

(disc or elsewhere), fibrous proliferation 
(disc or elsewhere), pre-retinal 
or vitreous haemorrhage

NPDR, non-proliferative diabetic retinopathy; HMA, haemor-
rhage and microaneurysm; HE, hard exudates; CWS, cotton
wool spots; IRMA, intraretinal microvascular abnormalities;
VB, venous beading. All appearances are in comparison with
the EURODIAB standard photographs [10]
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Significant progression was defined as the development of
moderate NPDR or higher grades of retinopathy on the EURO-
DIAB grading system or sight-threatening maculopathy on fol-
low-up. Administration of laser therapy was considered as 
significant progression in those patients with moderate or se-
vere NPDR at baseline.

Statistical analysis. MINITAB statistical software was used to
analyse data. Serum triglyceride concentrations and albumin
creatinine ratio (ACR) were normalised by logarithmic trans-
formation before analysis. Values are given as means ± SD or
median (range). Differences between groups were assessed by
Student’s t test or chi square test (χ2) as appropriate. The risk
factors independently influencing progression of retinopathy
over a 5-year period were analysed by binary logistic regres-
sion analysis. A two-tailed p value of less than 0.05 was con-
sidered significant.

Results

Subject characteristics. At baseline (time of com-
mencement of insulin therapy), 65.7% of patients
(193/294) had no retinopathy, 26.2% (77/294) had
minimal NPDR, 3.7% (n=11) moderate NPDR and
1% (n=3) severe NPDR (Table 2). We excluded from
further analysis 3.4% (n=10) of the patients because
they had received previous laser treatment in one or
both eyes. For 284 patients, 3-year follow-up informa-
tion was available, and 5-year information was avail-
able in 127 patients.

Three-year follow-up data. Mean HbA1c at baseline
was 10.0±1.3% and decreased to 8.3±1.2% after 1 year,
8.4±1.3% after 2 years, and 8.4±1.4% after 3 years.
Mean blood pressure was 146±22/81±11 mm Hg at
baseline and 141±20/75±11 mm Hg at 3 years.

Significant progression of retinopathy occurred in
36 patients (12.6%), consisting of 5/193 (2.6%) with
no retinopathy at baseline, 22/77 (28.5%) with mini-
mal NPDR and 6/11(54.5%) with moderate NPDR
(Fig. 1). Of these patients, 18 had sight-threatening

maculopathy, for which 12 had received laser therapy
by the end of the third year.

The presence of any retinopathy at baseline was
noted to be a strong predictor of significant progres-
sion of retinopathy over this period (χ2=56.1,
p<0.001). Multiple logistic regression analysis showed
that significant progression was also independently in-
fluenced by longer duration of diabetes (p=0.017; odds
ratio=1.09, 95% CI: 1.02–1.17. Baseline blood pres-
sures were similar in the two groups, i.e. non-progres-
sors and progressors (145±22 and 147±20 mm Hg sys-
tolic), and a similar number of patients from each
group were on treatment for hypertension (52% vs
59%). Of the non-progressors, 52% were on ACE in-
hibitors in comparison with 33% of progressors.

Five-year follow-up data. In the group of 127 subjects
examined at 5 years, there was no detectable retinopa-

Table 2. Baseline and follow-up characteristics of insulin-treated and non-insulin-treated Type 2 diabetes patients

Insulin-treated (n=284) Non-insulin-
treated (n=70)

Baseline retinopathy status No DR (193) Minimal NPDR (77) Moderate–severe NPDR (14)
Age (years) 63.0±9.6 62.0±10.4 64.8±9.5 59.4±12.1
Sex (male/female) 82/111 38/39 12/2 38/32
HbA1c (%) 10.0±1.3 10.1±1.2 9.7±1.1 8.2±1.4a

Duration of diabetes (years) 7.9±4.6 9.2±5.5 11.1±5.6 6.3±3.4a

Systolic BP (mm Hg) 145±21 145±27 148±26 146±22
Diastolic BP 81±11 82±11 82±15 83±11
Cholesterol (mmol/l) 5.8±1.4 5.8±1.3 5.6±0.9 5.7±1.1
Triglycerides 2.8 (0.6 to 17.3) 2.4 (0.6 to 10.4) 2.7 (1.2 to 6.8) 2.5 (0.9 to 9.7)
ACR 1.9 (0.0 to 118.0) 1.8 (0.0 to 474.0) 5.2 (0.0 to 31.0) 1.5 (0 to 177)
Antihypertensives 95 (48.7%) 47 (61.0%) 12 (85.7%) 30 (51.7%)

Data are means ± SD or median (range). ap<0.001. Student’s t test or chi square test were used as appropriate
Serum triglycerides and ACR were analysed by Mann–Whitney U test

Fig. 1. Cumulative incidence of patients with significant pro-
gression of retinopathy over 5 years categorised according to
baseline diabetic retinopathy. Progression in the severe NPDR
group was defined as the administration of laser therapy. Se-
vere NPDR (■■), moderate NPDR (▼), minimal NPDR (▲▲), no
retinopathy (■)
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thy in 57 subjects, minimal NPDR in 47 subjects,
moderate NPDR in eight subjects, severe NPDR in
eight subjects, and proliferative retinopathy in two
subjects. The remaining five patients had received la-
ser treatment. Of those patients with moderate or se-
vere NPDR, nine had sight-threatening maculopathy.
Significant progression over this period was noticed in
22/127 (17.3%) patients. Only 9.4% (9/95) of those
free of retinopathy at baseline developed significant
retinopathy over the follow-up period of 5 years,
whereas 40.6% (13/32) of those with retinopathy pro-
gressed (χ2=16.2, p<0.001).

Progressors had a significantly greater duration of
diabetes (8±5 vs 11±5, p=0.04) and mean HbA1c dur-
ing follow-up (8.2±0.9 vs 8.7±0.9, p=0.03). Higher
baseline HbA1c (p=0.039, odds ratio=2.49, 95% CI:
1.05–5.91) and a smaller decrease in HbA1c (p=0.005,
odds ratio=0.40, 95% CI: 0.21–0.76) were noted to be
independent risk factors for retinopathy progression
(Table 3).

Progression in non-insulin-treated patients. A total of
70 non-insulin-treated Type 2 diabetic patients (38
men) were studied over a 3-year period (Table 2). At
baseline, 48/70 (68.6%) patients were free of retinopa-
thy, 19 had minimal NPDR, and three had moderate
NPDR. Significant progression occurred in nine
(12.9%) patients. All nine had minimal NPDR at base-
line (χ2=22.5, p<0.0001). The progressors also had
higher HbA1c (9.2±2.0 vs 8.1±1.2) and longer dura-
tion of disease (7.3±1.5 years vs 6.1±3.3 years). When
comparing patients who had retinopathy at baseline,
similar progression over 3 years was noted in those re-
maining on oral agents and those starting insulin treat-
ment (9/22 vs 31/91 respectively).

Discussion

In Type 2 diabetes patients starting on insulin, we ob-
served negligible risk of significant progression in
those with no retinopathy at baseline (2.6% over a 3-
year period). However, 28.6% with minimal NPDR
and 54.5% with moderate NPDR at baseline pro-
gressed. The overall rate of progression was 12.6%
over the first 3 years and 11.0% over the next 2 years.

Longer duration of diabetes, higher baseline HbA1c
and higher mean HbA1c were found to be independent
risk factors for developing sight-threatening retinopa-
thy. The cumulative incidence of laser therapy rose
gradually from 1.4% to 5.5% over the total follow-up
period of 5 years.

These findings are in contrast to previous sugges-
tions that change of treatment from oral drugs to insu-
lin is associated with a two-fold increased risk of reti-
nopathy progression within the first 3 years [8]. Other
studies suggested that, although the initial risk of pro-
gression is higher in those with retinopathy at base-
line, significant progression would still occur continu-
ously in all grades of retinopathy, i.e. from no retinop-
athy to moderate NPDR in the first 2 years after initia-
tion of insulin therapy [13]. The relationship between
glycaemia and retinopathy was not demonstrable in
the same patient group after 3 years [14]. However, it
should be noted that in the entire population of the
Wisconsin Epidemiological Study of Diabetic Reti-
nopathy, the 10-year progression to proliferative reti-
nopathy varied from 7% in those with no retinopathy
at baseline to 81% in those with moderate NPDR at
baseline [15]. Thus, regardless of the treatment, there
is a tendency for retinopathy to progress steadily once
it develops. This was observed in the present study in
patients who already had some retinopathy at baseline,
of whom a similar proportion progressed regardless of
their treatment (41% in those on oral agents and 34%
in those on insulin therapy).

The steady progression of retinopathy over the first
3 years after insulin initiation occurred despite im-
proved glycaemic control. This could possibly be ex-
plained by hyperglycaemic memory phenomenon
shown in previous studies [16]. The EDIC study sug-
gested that the events leading to development of reti-
nopathy may be triggered during periods of poor gly-
caemic control and hence retinopathy continues to
progress even after the establishment of improved gly-
caemic control. This was also observed in the DCCT,
where the intensively treated patients had early wors-
ening of retinopathy even though they ultimately had
a marked reduction in the risk of subsequent progres-
sion [7].

There was no significant reduction in visual acuity
in insulin initiators when compared with the non-insu-

Table 3. Multiple logistic regression analysis of risk factors influencing significant progression of retinopathy over a 5-year period

Predictor Odds ratio 95% CI p value

Baseline retinopathy status 7.44 2.46 to 22.47 0.000
Fall in HbA1c in the first year 0.40 0.21 to 0.76 0.005
HbA1c baseline 2.49 1.05 to 5.91 0.039
ACR 0.99 0.97 to 1.02 0.607
Systolic BP 1.01 0.98 to 1.05 0.520
Age at commencement 1.05 0.97 to 1.13 0.220
Duration of diabetes 1.09 0.98 to 1.23 0.122
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lin-treated patients in this population who received an-
nual retinal screening [9]. The results are in direct
contrast to the only previous study in insulin-treated
subjects, which showed a three times increased risk of
visual impairment over a 3-year follow-up period [8].

Some of the earlier studies used seven-field stereo
photographs as opposed to two-field. However, the
validity of the EURODIAB protocol and grading sys-
tem used in this study has been shown to be compara-
ble to the ETDRS protocol [10, 11, 17]. It is suitable
for large epidemiological studies and could be particu-
larly useful in Type 2 diabetes patients who are less
likely to have proliferative retinopathy. It should be
noted that progressors were classified in our study as
those who developed sight-threatening retinopathy
(moderate to severe NPDR in EURODIAB grading),
which would be equivalent to level 41 or above with
Wisconsin classification. Previous studies have de-
fined significant progression as greater than three lev-
els of progression in Wisconsin grading [8, 13, 18].
The difference in grading systems used is unlikely to
have made any significant impact on the identification
of sight-threatening retinopathy.
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