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Abstract

Aims/hypothesis. To determine risk factors related to
the incidence and progression of diabetic retinopathy
over 6 years from diagnosis of Type II (non-insulin-
dependent) diabetes mellitus.

Methods. This report describes 1919 patients from
within the United Kingdom Prospective Diabetes
Study (UKPDS), with retinal photographs taken at di-
agnosis and 6 years later and with complete data avail-
able. Photographs were centrally graded for lesions of
diabetic retinopathy using the modified Early Treat-
ment of Diabetic Retinopathy Study Final scale. Risk
factors were assessed after 3 months diet from the
time of diagnosis of diabetes. Patients were seen every
3 months in a hospital setting. Biochemical measure-
ments were done by a central laboratory. End points
of vitreous haemorrhage and photocagulation were
confirmed by independent adjudication of systemati-
cally collected clinical data. The main outcome mea-
sures were incidence and progression of retinopathy
defined as a two-step Early Treatment of Diabetic Re-
tinopathy Study (ETDRS) final scale change.

Results. Of the 1919 patients, 1216 (63 % ) had no ret-
inopathy at diagnosis. By 6 years, 22 % of these had
developed retinopathy, that is microaneurysms in
both eyes or worse. In the 703 (37 % ) patients with re-
tinopathy at diagnosis, 29 % progressed by two scale
steps or more. Development of retinopathy (inci-
dence) was strongly associated with baseline glycae-
mia, glycaemic exposure over 6 years, higher blood
pressure and with not smoking. In those who already
had retinopathy, progression was associated with old-
er age, male sex, hyperglycaemia (as evidenced by a
higher HbA, ) and with not smoking.
Conclusion/interpretation. The findings re-emphasise
the need for good glycaemic control and assiduous
treatment of hypertension if diabetic retinopathy is
to be minimised. [Diabetologia (2001) 44: 156-163]
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Diabetic retinopathy is a common complication of
Type II (non-insulin-dependent) diabetes mellitus
and carries with it the threat of blindness. The St Vin-
cent declaration [1] calls for intervention to lower
both the incidence and prevalence of sight-threaten-
ing retinopathy. Thus, the identification and quantifi-
cation of factors associated with onset and progres-
sion is essential if this is to be achieved. This paper re-
ports the onset of new retinopathy and the progres-
sion of established retinopathy in the United King-
dom Prospective Diabetes Study (UKPDS [2]), a
multicentre randomised controlled clinical trial of
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Table 1. Grading system

Level Severity Definition
10 DR absent All diabetic retinopathy features
absent
20 MA only Microaneurysm(s) only, other le-
sions absent
35 Mild NPDR MA plus retinal haemorrhage(s)
and/or hard exudates and/or cotton
wool spots
43 Moderate Lesions as above + either extensive
NPDR or severe HMA or IRMA present
47 Moderately Lesions of 35 + either extensive or
severe NPDR severe HMA with IRMA, or venous
beading
53 Severe NPDR  Extensive and severe HMA,
IRMA, and/or venous beading
61, 65,71, Proliferative NVD and/or NVE without or with
75, 81 DR complications

where DR = diabetic retinopathy, NPDR = non-proliferative
diabetic retinopathy, MA = microaneurysm, HMA = haemor-
rhages and microaneurysms, HE = hard exudates, CWS = cot-
ton wool spots, IRMA = intraretinal microvascular abnormal-
ities, NVD = new vessels on the disc, NVE = new vessels else-
where

different treatments in newly diagnosed Type II dia-
betic patients. The incidence of microvascular disease
(mainly retinopathy) has been reported previously
together with its relation both to hypertension and
glycaemic control [3-6]. The study showed that an in-
tensive policy of glucose control reduced the risk of a
two-step change in retinopathy grade at 12 years by
21% and that tight blood pressure control reduced
the risk by 34 %. Other studies of retinopathy have
addressed progression and incidence of retinal chan-
ges in Type I (insulin-dependent) diabetes mellitus
(DCCT [7]) and mixed groups of Type I and Type II
diabetes split by insulin usage [8].

This paper examines the relative importance of
different risk factors (measured after 3 months of
diet therapy) on the development and progression of
diabetic retinopathy over 6 years in those patients
with bilateral fundal photographs available at diagno-
sis and 6 years.

Subjects and methods

Details of the UKPDS patient recruitment and randomisation
have been reported [2]. In brief, newly diagnosed Type II dia-
betic patients were treated for 3 months with diet alone [9]. If
they remained hyperglycaemic (fasting plasma glu-
cose > 6 mmol/l) but symptom-free, they were allocated at ran-
dom either to remain on a conventional glucose-control policy
primarily with diet alone or to an intensive glucose-control
policy with an oral hypoglycaemic agent or insulin. Patients
were seen at 3-monthly intervals in a hospital clinic, with a
more detailed medical examination at entry and every 3 years,
including visual acuity determination, ophthalmoscopy and

retinal photographs. Four standard stereo-pairs of retinal pho-
tographs of each eye were taken and assessed as described pre-
viously [10-11]. Although the study commenced in 1977, reti-
nal photography did not start until 1983.

Clinical and biochemical methodology. Clinical histories were
taken at the entry to the study, including smoking status cate-
gorised as non-smoker, ex-smoker or current smoker. The
medical examination carried out included measurement of
height 2and weight. Body mass index (BMI) was calculated as
kg -m™.

Data in this paper are presented using laboratory methods
described previously [12]. Fasting plasma glucose measure-
ments in each centre were monitored by the UKPDS glucose
quality assurance scheme, with an inter-laboratory coefficient
of variation (CV) of approximately 4 % [13]. All other samples
were measured by the central laboratory using assays moni-
tored by tri-level quality control sera with Westgard rules [14]
for acceptance as well as by external quality control schemes
where possible. Biochemical methods were upgraded during
the study and data realigned to new methods after relevant
laboratory comparisons [12]. Measurement of HbA, ; by High
Performance Liquid Chromatography (HPLC) on Biorad Dia-
mat Automated Glycated Haemoglobin Analyser UK supplier
(Bio-Rad Laboratories, Herts. UK) was certified by National
Glycohaemoglobin Standardisation Program similar to the Di-
abetes Control and Complication Trial (DCCT).

Assessment of retinal photographs. Retinal photographs,
masked for all patient-identifying details and assigned a un-
ique identification number, were assessed initially by two inde-
pendent, experienced readers for quality and adherence to
protocol as well as the presence of any diabetic retinal lesions.
Those thought to have lesions were then graded by two further
readers in comparison with ETDRS final scale standard photo-
graphs [15] for severity of retinopathy. A computer algorithm
subsequently assigned a modified ETDRS scale value to each
eye. An abridged version of the scale is shown in Table 1. Pa-
tient results were categorised using the worse eye / better eye
system [16]. Thus 10/10 indicates absence of any retinopathy
in both eyes, 20/10 microaneurysms (MA) in one eye only,
and 20/20 both eyes having MA only. Similarly, 35 < 35 indi-
cates the worse eye has some retinal haemorrhages or hard ex-
udates or both or retinal haemorrhages and cotton wool spots
or both in addition to microaneurysm, with the better eye hav-
ing less retinopathy.

Ophthalmic endpoints. Episodes of photocoagulation or vitre-
ous haemorrhage were confirmed by two independent clinical
assessors who examined copies of admission notes and opera-
tion records. Any unresolved disagreements between the two
assessors were referred to two further independent assessors
for arbitration.

A clinically significant change in the level of retinopathy
was protocol-defined as a two-step increment or decrement in
the ETDRS scale between entry to UKPDS and 6-year photo-
graphs or the occurrence of photocoagulation or vitreous
haemorrhage [3]. A two-step change would, for example, in-
clude a change from no retinopathy to microaneurysms in
both eyes (incidence) or from microaneurysms alone in one
eye only to cotton wool spots in one eye only (progression).

Statistical methods. Continuous variables were divided into
thirds. Categorical variables were used where appropriate.
Stepwise multiple logistic regression analysis was used to ex-
amine potential risk factors for the incidence and progression
of diabetic retinopathy. Data were analysed using BMDP soft-
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Table 2. Characteristics of 1919 patients with complete data

No retinopathy at entry Retinopathy at entry P value for
(at least 20 10) difference

n 1216 703
Sex (M/F) n (%) 693/523 (57.0/43.0) 432/271 (61.4/38.6) 0.056
Race (White/Afro-Caribbean/Indian Asian) 1050/70/96 (86.4/5.8/7.9) 606/49/48 (86.2/7.0/6.8)
Age (years) 52.2(8.5) 52.2 (8.6) 0.96
Smoking status (non/ex/current) 412/432/372 (33.9/35.5/30.6) 256/246/201 (36.4/35.0/28.6) 0.48
Body mass index (kg m2) 27.7(5.2) 27.4 (4.9) 0.20
Fasting plasma glucose (mmol 1-1)? 7.8 (6.5t09.6) 8.3 (6.7 to 10.6) < 0.0001
HbA,, (%) 7.0 (1.7) 72 (1.7) 0.0018
Fasting plasma insulin (pmol/1)® 91 (52 to 160) 87 (50 to 152) 0.14
Cholesterol (mmol 1-1) 53(1.1) 54 (1.1) 0.28
LDL (mmol I ) 3.5(1.0) 3.5(1.1) 0.088
HDL (mmol I-1) 1.07 (0.25) 1.08 (0.23) 0.60
Triglyceride (mmol I-1)° 1.5 (0.9 to 4.9) 1.5(0.9t02.4) 0.49
Systolic blood pressure (mm Hg) 134 (18) 137 (20) 0.0002
Diastolic blood pressure (mm Hg) 82 (10) 83 (11) 0.0002
Beta cell function (% f3) 64 (40) 59 (40) 0.0002
Insulin sensitivity (% s)® 54 (33 to 100) 59 (34 to 104) 0.21

2 median and i.q. range
b geometric mean and 1 s.d. range

ware suite [17] and SAS software suite [18]. The data have
been presented as floating relative risks which allow confi-
dence intervals to be assigned to the comparator group. We
consider a p value of less than 0.01 as significant.

The variables included in the analysis, chosen if identified
previously as risk factors in the literature [8], or on the basis of
clinical relevance, were: HbA, , systolic blood pressure, smok-
ing status, LDL-C, HDL-C, body mass index sex, age, and eth-
nicity. Beta-cell function assessed by Homeostatic Model As-
sessment (HOMA) [19], was found to be strongly inversely re-
lated to progression but was not included since it is highly corre-
lated with HbA . and could be a confounder. Similarly, fasting
plasma glucose was regarded as being too closely linked to
HDbA, . for inclusion, and diastolic blood pressure was not in-
cluded as it is highly correlated with systolic blood pressure. In
order to assess the degree to which baseline HbA, . and blood
pressure measurements may be counfounded by direct inter-
vention on these two variables in the UKPDS subsidiary analy-
ses of these two risk factors using updated mean HbA, . and up-
dated mean systolic blood pressure values were performed.

Because the number of subjects with photographs at entry
and 9 years was one third smaller, 6-year data was analysed. A
variable was included to differentiate between those with base-
line retinopathy or none, and interaction between this and the
independent variables for inclusion in the model was used as
a marker to examine whether any of the variables had a differ-
ent effect on incidence (no retinopathy to microaneurysms in
both eyes or worse) from that on progression (established ret-
inopathy progressing by two steps or more).

In the figures the significance reported for continuous data
is the result obtained for fitting this as a continuous indepen-
dent variable.

Results

There were 5102 patients recruited to UKPDS. Of
these 1919 had high quality retinal photographs of
both eyes at entry and 6 years later, and also had com-
plete data set for the risk factors under consideration.

The baseline characteristics of these patients are
shown in Table 2; of these 467 had retinopathy which
progressed by two steps or more (Table 3). Those in
the UKPDS who were not included in this analysis
were generally similar to those who were included.
More of those who were included were white (86 %
vs 79 % ) and older (median 50 vs 47 at diagnosis) and
had lower HbA, . (7.1 % vs 7.3 % ). None of these fac-
tors was of a magnitude likely to affect the generality
of the results. The patients who entered this analysis
had a statistically significant (p = 0.032) but clinically
marginally lower mean diastolic blood pressure than
those who were omitted (82 mmHg vs 83 mmHg).

Incidence of new retinopathy and progression of es-
tablished retinopathy. At total of 1919 patients were
included in this analysis. Of these, 1216 had no retin-
opathy at diagnosis, and of those, 494 (41 %) subse-
quently developed at least one microaneurysm by
6 years (Table 3) and 264 (22 % ) subsequently devel-
oped microaneurysms in both eyes or worse (inci-
dence). Of the 703 patients with any retinopathy at
entry, 203 (29%) progressed by two steps or more
over 6 years (progression).

The data were analysed to establish whether there
was coherence between the incidence of new retinop-
athy and the deterioration of lesions detected at diag-
nosis. The analysis thus examined primary onset (or
incidence) and secondary progression. The data
were significantly disparate for incidence and pro-
gression (p = 0.00042) and for this reason interaction
terms were included in the list available for the step-
wise logistic regression model.

Incidence and progression and associated risk factors:
HbA, . There was a highly significant positive asso-
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Table 3. Two-way table of retinopathy at diagnosis by retinopathy after 6 years
Grade at 6 years =

Grade at 10 20 20 35 35 43 43 47 47 53 53 61 61 vitreous photo-  total

entry | 10 <20 20 <35 35 <43 43 <47 47 <53 53 <61 6lor haemor- coagula-

worse rhage tion

1010 n 722 230 52 123 56 11 2 1 3 1 1 14 1216
Y% 594 189 43 10.1 4.6 0.9 0.2 0.1 0.2 0.1 0.1 1.2

20<20 n 162 90 33 49 25 1 1 1 1 10 373
% 434 241 38 131 37 0.3 0.3 0.3 0.3 2.7

2020 n 20 18 16 18 16 2 3 93
% 215 194 172 194 172 22 32

35<35 n 29 23 4 24 16 6 3 1 13 119
% 244 193 34 202 134 5.0 25 0.8 10.9

3535 n 3 1 1 7 15 7 1 1 1 17 54
% 5.6 1.8 1.8 13.0 27.8 13.0 1.8 1.8 1.8 315

43<43 n 1 1 2 2 1 1 1 8 17
% 5.9 5.9 11.8 11.8 5.9 5.9 5.9 47.1

4343 n 1 6 7
% 14.3 85.7

47<47 n 1 2 1 1 1 9 15
% 6.7 133 6.7 6.7 6.7 60.0

4747 n 1 1 2 4
% 25.0 25.0 50.0

53<53 n 1 9 10
% 10.0 90.0

5353 =n 1 1 7 9
% 11.11 53 77.8

61<61 n 1 1
% 100.0

616lor n 1 1

worse % 100.0

Total 936 363 107 224 133 30 0 7 2 4 3 2 4 6 98 1919

Table 4. Univariate logistic regression results

p value for 2 steps

p value for 2 steps
from no retinopathy

p value for 2 steps
from any retinopathy

Systolic blood pressure < 0.0001 < 0.0001 0.020
HbA,, < 0.0001 < 0.0001 < 0.0001
Smoking status 0.0101 0.0068 0.040
LDL cholesterol 0.8274 0.67 0.018
HDL cholesterol 0.0883 0.21 0.78
Triglyceride 0.8186 0.80 0.14
Body mass index 0.9591 0.24 0.13
Sex 0.9318 0.17 0.21
Age 0.0125 0.19 0.0051
Race 0.0063 0.057 0.14
Insulin 0.0582 0.33 0.47

ciation of incidence and progression with HbA, in
the univariate analyses (Table 4). In the multivari-
ate logistic regression model (Fig.1) HbA,. was
strongly associated with incidence and progression
and the gradient was steeper for progression. The
relative risk in the middle third (HbA,. 6.2 to
7.4%) for those with no retinopathy was 1.4 (CI
1.1 to 1.8) and 2.5 (CI 2.0 to 3.2) in the top third.
In those with retinopathy at diagnosis the relative

risk was 4.1 (CI 3.1 to 5.6) in the middle third and
81 (CI 6.3 to 10.5) in the top third (HbA, .2
7.5%).

The subsidiary analysis using updated mean
HbA, . showed a similar association with a gradient
across the tertiles from 18 % incidence in the lowest
third to 32 % in the top third (p < 0.0001 for trend)
and for progression 18 % in the bottom third to 40 %
in the top third (p < 0.0001 for trend).
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Fig.1 A-E Floating relative risks for incidence of new retinop-
athy (H) and progression of retinopathy, defined as two steps
or more on the modified ETDRS final scale ([1). Point esti-
mates and 95 % confidence intervals are shown. (A) HbA, .: in-
cidence p < 0.0001; progression p < 0.0001; p = 0.076 for differ-
ence between incidence and progression. (B) systolic blood
pressure: incidence p <0.0001; progression p=0.92; p=
0.0001 for difference between incidence and progression. (C)
smoking status: incidence p = 0.0043; progression p = 0.0045;
p =0.0010 for difference between incidence and progression.
(D) sex: incidence p = 0.67; progression p = 0.0016; p = 0.038
for difference between incidence and progression. (E) age: in-
cidence p =0.99; progression p < 0.0012; p = 0.084 for differ-
ence between incidence and progression

Systolic blood pressure. Systolic blood pressure was
significantly associated with retinopathy incidence
(p <0.0001), with those in the middle third
(125-139 mmHg) having a relative risk of 1.5 (CI 1.2
to 2.6) and the top third (> 140 mmHg) 2.8 (CI 2.2

to 3.5) (Fig.1). There was no relation of retinopathy
progression with systolic blood pressure.

The subsidiary analysis using updated mean blood
pressure showed a gradient across the tertiles from
17 % incidence in the lowest third to 32 % in the top
third for incidence of new retinopathy (p < 0.0001
for trend), and for progression a smaller effect from
26% in the bottom third to 36 % in the top third
(p = 0.005 for trend).

Smoking. Smoking status was associated with reduced
incidence of retinopathy with current smokers having
arelative risk of 0.63 (CI1 0.48-0.82). Similarly, for pro-
gression of retinopathy current smokers compared
with those who had never smoked and had a relative
risk of 0.50 (CI1 0.36 to 0.71) (Fig.1).

Age and sex. Incidence of retinopathy was the same
in men and women (Fig.1), but in the multivariate
model women had lower relative risk (RR) of pro-
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gression RR 0.54 (CI 0.37 to 0.80). There was no ef-
fect of age on incidence (Fig. 1), but a higher propor-
tion of older subjects progressed, with those in the
middle third (age 50-57 at entry) having a relative
risk of 1.6 (CI 1.2 to 2.2) and those in the top third
(58 or older at entry) having a relative risk of 2.1 (CI
1.5t02.7).

Discussion

We report here the incidence and progression of ret-
inopathy in a cohort of people with Type II diabetes
followed from diagnosis. There have been no sub-
stantive reports to date on incidence and progression
of retinopathy using prospective longitudinal data
from newly diagnosed Type II diabetic subjects, al-
though the DCCT study [7] reported data from Type
I diabetes patients and the Wisconsin study reported
on a mixed group of newly diagnosed and previously
diagnosed patients on insulin [8].

The fact that 37 % of UKPDS subjects had retin-
opathy at presentation [20] suggests that there had
been considerable time between onset of the disease
and its clinical presentation [21]. Since the UKPDS
also showed that the need for photocoagulation was
reduced by intensive blood glucose control (p =
0.003) and tight blood pressure control (p = 0.03)
[3-6], guidelines now emphasise the necessity for ear-
ly and adequate therapeutic intervention.

Many epidemiological studies suggest that glycae-
mic control plays an important part in the develop-
ment of microvascular complications [22]. The
DCCT study of improved glycaemic control in Type
I diabetes patients shows an unequivocal effect of
glycaemia as measured by HbA,. [23]. We show
here a similar relation (in Type II diabetes patients)
of progression of retinopathy by tertile of baseline
HDbA, , with an eightfold relative risk over the group
with median HbA,, of 6.2% or less for the group
with HbA, . of more than or equal to 7.5% and a
2.5-fold relative risk of incidence between the same
groups. An analysis using updated HbA, . was under-
taken, which confirmed the steep association be-
tween HbA, . exposure and both incidence and pro-
gression of diabetic retinopathy. The UKPDS dem-
onstrated that improvement in glycaemic control im-
proved microvascular disease and retinopathy out-
comes. In the trial a difference of HbA, between a
median of 7.9% in conventional therapy group and
7% in intensive therapy group over the first ten
years resulted in a risk reduction for progression of
retinopathy at 12 years of 21 % assessed as a two-
step change [3-6]. Thus both baseline and updated
mean data are concordant with regard to escalated
risk with higher HbA,. and the therapeutic trial
demonstrated that intensive therapy improved out-
comes.

In common with previous studies of Type II diabe-
tes [24-26], higher blood pressure was strongly asso-
ciated with onset of retinopathy. The upper third
(=140 mmHg) includes all those who were hyperten-
sive on current criteria [27] but even those with sys-
tolic blood pressure 125 to 139 mmHg at diagnosis
had significantly higher incidence than the lowest
third (systolic < 125 mmHg). The updated mean sys-
tolic blood pressure showed a similar strong associa-
tion for incidence and a less steep effect for progres-
sion. These data are in accord with previous studies
in Japanese patients with Type II diabetes [24] and
with a large (1005 patient) epidemiological study in
South Africa [25] and a mixed population of Type I
and Type II patients reported by Segato [26] in Italy
(n =1321). The UKPDS reported a pronounced de-
crease in microvascular end points with tight blood
pressure control [3-6] and suggested that tight con-
trol of hypertension was needed in Type II diabetes
patients. Many have previously regarded systolic
blood pressure of less than 140 mmHg acceptable in
Type II diabetes patients, the majority of whom are
over 50 years old, but these data, together with the
trial results, suggest that this is inadequate to prevent
the onset of retinopathy.

Somewhat counter-intuitively, smoking status was
inversely related to the development of new lesions
and to the progression of established retinopathy.
This finding is not likely to be chance alone because
of the strength of the association. It, however, is at
variance with much of the published epidemiology
of diabetic retinopathy. The differences in findings
could be related to the small size of many studies
where no association was found [28-31] but where a
Type 1II statistical error is possible. For example no
association in 129 Type II patients has been reported
[28], and no differences in 163 patients reviewed
have been found [29], but the size of the effect we de-
scribe here would not be seen in studies of this size.
Larger mixed epidemiological studies [26], where
1321 patients with either Type I or Type 1I diabetes
were examined [32, 33], also showed no significant re-
lation with smoking. Such studies have consistently
found hyperglycaemia associated with retinopathy
and this could be related to smoking in epidemiologi-
cal studies or might simply be a marker of those who
adopt a casual attitude to health care. Within the
UKPDS this possibly confounding effect would have
been removed by randomisation. Fewer current
smokers attended all scheduled follow-up visits than
those who were not current smokers (55% vs. 60 %
respectively, p = 0.0004), suggesting that the current
smokers might not have been as assiduous in their up-
take of medical care as non-smokers. Another possi-
ble explanation is that of publication bias. Physicians
could have been reluctant to report similar findings
[34]. Some other studies support our findings: a re-
port of an increased relative risk in smokers in South
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Wisconsin of 1.06 (95 % CI 0.97-1.18) for the develop-
ment of retinopathy in younger [ < 30 years old) pa-
tients, but the reverse in older patients (presumably
predominantly Type II) with a risk of 0.89 (95% CI
0.75-1.06) [34].

There could be quite specific reasons for the effect
of smoking that we describe here; perhaps the associ-
ation of smoking with lower blood pressure [36]
might have accounted for the univariate reduction.
The presence of the effect in the multivariate model
suggests that there could be an independent effect,
perhaps the pharmacological effect of nicotine itself
or of one of the many other active compounds found
in tobacco smoke [37]. This finding does not, howev-
er, justify advising patients with diabetes to smoke be-
cause the deleterious effects of tobacco consumption
in terms of cardiovascular and lung cancer risk would
far outweigh the retinopathy risk reduction in terms
of total morbidity. Smoking has also been indepen-
dently associated with progression of nephropathy in
Type II diabetes patients [38].

In conclusion, these data from the UKPDS show
that retinopathy onset (incidence) was strongly asso-
ciated with baseline glycaemia and glycaemic expo-
sure over 6 years, with higher blood pressure and in-
versely with smoking. In those who already had retin-
opathy, progression was associated with not smoking,
older age, male sex and glycaemia as evidenced by a
higher HbA, .. The findings re-emphasise the need
for intensive glycaemic control and assiduous treat-
ment of hypertension if diabetic retinopathy is to be
controlled and reduced.
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