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Abstract

Aims/hypothesis. Proliferative diabetic retinopathy
(PDR), a leading cause of blindness, cannot be totally
prevented by optimizing metabolic and blood pres-
sure control and responds to no specific treatment
other than partially destructive retinal photocoagula-
tion. Recognizing risk factors using large-scale epide-
miological studies could help identify targets for
treatment. The EURODIAB Prospective Complica-
tions Study (PCS) includes the largest cohort so far
of patients with Type I (insulin-dependent) diabetes
mellitus.

Methods. Baseline data were collected between 1989
and 1991 on 3250 patients who were recalled for fol-
low-up. Physical examination, biochemical tests and
assessment of complications were done on both occa-
sions. In particular, 1249 patients had retinal photo-
graphs taken both basally and after an average of
7.3 years.

Results. Proliferative retinopathy had developed in
157 patients (cumulative incidence 17.3/1000 patient-
years; 95 %-CI: 13.6-21.1). HbA,, (standardized re-

gression estimate — SRE = 3.03, CI 2.49-3.69), diabe-
tes duration (1.71, 1.42-2.06), age at diagnosis < 12
(1.66, 1.11-2.50), diastolic blood pressure less than
or equal to 83 (1.50, 1.03-2.20) and waist-to-hip ratio
(1.50, 1.03-2.20) were all independent predictors for
progression to PDR when entered simultaneously
into a logistic regression model. Including retinopa-
thy at baseline maintained the effects of metabolic
control and pre-pubertal onset only. Including the al-
bumin excretion rate maintained the effect of control
but reduced SRE for pre-pubertal onset to 1.49
(0.94-2.33). There was no evidence for a threshold ef-
fect for HbA,, concentrations at baseline and pro-
gression to proliferative retinopathy.
Conclusion/hypothesis. Metabolic control and dura-
tion of diabetes are strong indicators of progression
to proliferative retinopathy. Onset of diabetes before
puberty could be an additional independent risk fac-
tor. [Diabetologia (2001) 44: 2203-2209]
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Diabetic retinopathy (DR) remains a leading cause
of loss of vision in Europe and North America [1-5]
but the underlying pathogenesis is still not known, al-
though a number of risk factors have been identified
in the course of observation [6, 7] and intervention
studies [8]. In addition, despite improvements in met-
abolic control, proliferative DR (PDR) continues to
occur, making epidemiological approaches to the
problem useful. The EURODIAB Prospective Com-
plications Study (PCS) investigated the largest cohort
of patients with Type I (insulin-dependent) diabetes
mellitus so far and was specifically designed to collect
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EURODIAB SAMPLE
n = 3250

Centre drop-out - 437
Violator - 8

No Camera at base 120

No photo at base 437

2013

Potential for follow-up

Proliferative retinopathy
= at baseline
235

Died 42
Alive no data 557 157
Unknown 8

No photo at fu

Photo at fu
1249

Fig.1. Flow chart of sample used for analysis of progression to
proliferative diabetic retinopathy in the EURODIAB PCS
Study

data on potentially modifiable risk factors for retin-
opathy. This paper reports on the results of a
7.3 year follow-up of patients with Type I diabetes
from different countries in Europe [7].

Materials and methods

We collected baseline data between 1989 and 1991 on 3250 pa-
tients with Type I diabetes. These were defined as patients di-
agnosed before 36 years of age and needing insulin therapy
within a year of onset. The patients were recruited from 31
centres in 16 different countries and were between 15 and
60 years of age. Sampling was stratified according to age, sex
and duration of disease, so that representation of the different
subgroups would be similar. At the time of investigation, mi-
crovascular and macrovascular complications had been as-
sessed, along with physical examination and biochemical vari-
ables, according to a standardized protocol [7].

The patients were recalled for follow-up assessment
6-8 years later. Data on mortality were also collected. Four
centres declined to participate and, in those who continued
the study, a number of patients either refused to be re-exam-
ined or could not be traced. For these patients, morbidity
forms were completed from available hospital case notes or
other sources of clinical data, detailing the presence or absence
of severe complications at their most recent visit.

Of the original cohort of 3250 patients, 445 had either been
recruited in centres that did not take part in the prospective
study (437) or did not fulfil the inclusion criteria (8), 557 had
no retinal photographs taken at baseline and 235 already had
PDR to start with (Fig.1). In total, 2013 patients were poten-
tially available for prospective evaluation but 607 had either
died or been lost to follow-up in participating centres, and
only in 1249 was retinal photography done in the follow up
study. The latter is the sample to which the analysis refers.

Physical examination, biochemical tests and assessment of
complications were carried out with the same protocol and
questionnaire used at baseline [7]. Local HbA, . measurements
for the previous 2 years (a maximum of eight) were recorded.

Height, weight and waist-to-hip ratio were measured as well
as resting blood pressure.

Retinal photographs were taken according to the EURO-
DIAB protocol [9] which included 2 - 45-50° fields, macular-
temporal and disc-nasal for each eye, and a test of visual acuity
using Snellen or similar visual acuity charts. Slides were devel-
oped locally and graded by the Retinopathy Grading Centre,
by graders who had no information about the patients, except
their identity number. The same grading centre was used for
both baseline and follow-up investigations.

Mild, moderate and severe non-proliferative retinopathy
were defined as previously described [9]. Progression to prolif-
erative diabetic retinopathy (PDR) was defined as appearance
of new vessels or fibrous tissue or both on the optic disc or else-
where and/or panretinal photocoagulation (PRP) done in the
follow-up period, in patients who did not have PDR or PRP
scars at baseline.

Baseline blood samples, from fasting patients where possi-
ble, had been sent to central laboratories for analysis. Mea-
surements included total cholesterol, HDL cholesterol and
triglyceride [10-12]. LDL cholesterol was calculated according
to the Friedewald formula [13]. The reference range for the
HbA,, assay was 2.9-4.8% [14]. Where possible, a sample
was also assayed locally for HbA, .. The fibrinogen and von
Willebrand Factor (vWF) were measured according to stan-
dard methods [15]. The y-glutamyltransferase concentrations
were determined in plasma by a kinetic colorimetric method
with L-gamma-3-carboxyl-4-nitranilide and glycylglycine as
substrates (Roche Uni-Kit 2) using the Cobas-Bio centrifugal
analyser. An aliquot of urine from one 24-h collection was
sent to London for analysis of urinary albumin excretion [16].

The presence of cardiovascular disease at baseline was de-
fined as a past history of a cardiovascular event, including my-
ocardial infarction, angina, coronary artery bypass graft or
stroke, or major Q waves on ECG (Minnesota codes 1.1 or
1.2) [17].

Statistical analysis. Linear regression was done by centre to
compare the results of HbA, . measured locally and centrally
at the same time, both from the baseline. This provided a for-
mula to convert locally measured HbA, . to the centralized as-
say in each centre. An average of all local HbA,, which had
been measured for each individual, was calculated and con-
verted to the central measure, as described above, in order to
ensure that comparisons could be made of local measurements
across centres. To allow comparisons with the DCCT, a formu-
la was derived from a linear regression plot of measures of
HbA, . arrived at using the London laboratory against those ar-
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Table 1. Comparison of baseline data for patients who did and did not attend a follow-up examination for retinal photographs
(means or % + SEM (25th and 75th percentiles for log-transformed data/ or where medians are presented))

Risk factor Retinal photograph at follow-up

No Yes p value
Number 764 1249
Age (years) 32+10 31+£9 0.5
Duration (years) 13+9 13+8 0.3
Central HbA, (%) 6.8+1.9 65+1.8 0.001
Systolic BP (mmHg)* 119 (108,127) 117 (109,130) 0.002
Diastolic BP (mmHg)? 74 (67,82) 74 (68,81) 1.0
AER (ug/min)® 13.7 (6.1,19.8) 3.5(6.7,20.5) 0.8
Cholesterol (mmol/1) 53+1.1 52+1.1 0.005
Fasting triglyceride (mmol/l)® 0.99 (0.81,1.49) 0.90 (0.64,1.08) 0.0003
LDL cholesterol (mmol/l) 3.33+£0.99 324 £0.92 0.1
Fibrinogen (g/1) 313+0.92 3.18 £0.89 0.4
Waist-to-hip ratio 0.85+0.11 0.84 £ 0.10 0.3
Retinopathy at baseline (% )° 4118 39«14 0.6
Age at diagnosis < 12 years (% )¢ 26+1.6 24£12 0.3

2 Patients on treatment given the highest value of the distribu-
tion; medians are presented

rived at using the DCCT method. This was: DCCT
HbA, . =1.0289 * London HbA, . + 1.5263.

Baseline characteristics for incidence were calculated using
multiple regression techniques for continuous variables, and
simple proportions for categorical variables. In both cases, ad-
justment for potential confounders was made where appropri-
ate. A breakpoint or threshold effect for the relation between
HbA, . and progression to PDR was tested by a two-phase seg-
mented weighted regression analysis which fits two straight
lines through a series of defined points [18]. These points
were calculated by logistic regression adjusted for diabetes du-
ration. This segmented regression was compared to the line of
best fit, using weighted linear regression. Logistic regression
was also used to test for a threshold effect [19].

Standardized regression effects for risk factors which were
continuous variables were calculated by multiplying the beta
estimate from logistic regression models by the standard devia-
tion of that variable. In such a case, not all log transformed
variables were converted back to anti-logarithms. This proce-
dure allows the direct comparison of the degree of importance
of each variable in accounting for the risk of progression to
PDR. Multivariate models were restricted to those individuals
who had complete data on all included risk factors, that is
1044 out of 1092 people who did not progress to PDR at fol-
low-up, and 148 out of 157 of those who did.

All analyses were initially stratified by sex. Because there
were no appreciable differences in risk of retinopathy or risk
factor relationships, combined data only are presented here.

Results

The patients without follow-up photographs and alto-
gether lost to follow-up had significantly higher
HbA, , systolic blood pressure, total cholesterol and
fasting triglyceride at baseline than the patients with
follow-up pictures (Tab.1).

The mean follow-up period was 7.3 years. During
this time, 157 patients had developed PDR (cumula-
tive incidence 17.3/1000 patient-years; 95 %-CI 13.6

® Log-transformation used
¢ + standard error

to 21.1). Distribution by sex was 82 out of 655 men
(12.5%) and 75 out of 594 (12.6 % ) women who pro-
gressed to PDR. Incidence increased until 15 years
of diabetes duration at baseline and plateaued there-
after.

For univariate analysis, factors measured at base-
line and associated with progression to PDR (Ta-
ble 2) included duration of diabetes, centrally mea-
sured HbA,, diastolic blood pressure, albumin ex-
cretion rate, total and LDL cholesterol, fasting tri-
glyceride, all triglyceride (fasting and non-fasting)
and waist-to-hip ratio. HbA,_, measured locally over
the 2 years before follow-up examination was also as-
sociated with progression to PDR. There was no evi-
dence of a significant breakpoint or threshold effect
in the relation between HbA,  measured at baseline
and progression to PDR (Fig.2).

Severity of DR at baseline was associated with
progression, as 30 (4 %) of those without DR devel-
oped PDR, compared to 61 (17 % ) of those with min-
imal DR, 40 (40%) of those with moderate DR and
26 (79 %) of those with severe non-proliferative DR.

Onset of diabetes before puberty was also a risk
factor for progression to PDR. Diabetes had been di-
agnosed before age 12 in 40% of the patients who
progressed and 21 % of those who did not.

Because many of the above risk factors could be
confounded by duration and HbA, , all other risk fac-
tors were adjusted for both. This attenuated or abol-
ished many such associations with progression to
PDR. The only factors which remained significantly
associated with progression to PDR were: fasting
triglyceride (0.99 vs 0.89 mmol/l, p = 0.04), waist-to-
hip ratio (0.86 vs 0.84, p = 0.04) and albumin excre-
tion rate [23 (95%-CI 19,28) vs 13 (12,13) ug/min,
p < 0.0001]. Odds ratios adjusted for HbA,, and du-
ration of diabetes were significantly increased for val-
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Table 2. Risk factors for incidence of proliferative retinopathy (means or % + SEM (25th and 75 percentiles for log-transformed

data/ or where medians are presented))

Risk factor Progression to proliferative retinopathy

Yes No p value
Number 157 1092
Age (years) 32+0.8 31+£03 0.3
Duration (years) 17 £ 0.6 13+£0.2 0.0001
Central HbA,_ (%) 83+0.2 6.3+0.1 0.0001
Local HbA, (%)? 81+0.1 6.4 +0.04 0.0001
Systolic BP (mmHg)® 119 (108,134) 117 (108,128) 0.1
Diastolic BP (mmHg)® 77 (70,88) 74 (67,83) 0.0008
AER (pg/min)© 29 (8,66) 12 (7,18) 0.0001
Cholesterol (mmol/1) 5.6 £0.10 51+0.03 0.0001
Fasting triglyceride (mmol/1) 1.11 (0.81,1.49) 0.88 (0.64,1.08) 0.0001
Triglyceride (mmol/1)© 1.15 (1.07,1.24) 0.92 (0.89,0.95) 0.0001
HDL cholesterol (mmol/1) 1.46 £ 0.04 1.51 £0.01 0.2
LDL cholesterol (mmol/l) 3.56 £ 0.10 3.20+0.03 0.0003
Fibrinogen (g/1) 3.22+0.10 3.17 £ 0.03 0.6
vWF (U/ml)° 1.15 (0.9,1.58) 1.10 (0.89,1.40) 0.4
yGT (U/) 11.8 (8.38,16.03) 10.5 (7.47,13.83) 0.06
Height (cm) 167 £ 0.8 170 £ 0.3 0.0004
Weight (kg) 66.0 + 0.9 68.1+04 0.03
Waist-to-hip ratio 0.86 + 0.008 0.84 + 0.003 0.007
BMI (kg/m?) 23.5+0.23 23.5+0.09 0.8
Current smokers (%) 35+4 30«1 0.2
Inject insulin > x 2/day (%) 44 + 4 51+2 0.09
Insulin dose/weight (U/kg)® 0.68 (0.55,0.87) 0.64 (0.54,0.80) 0.1
Past history CVD (%) 6 (2,10) 7 (6,8) 0.6
Retinopathy at baseline (%) 81 (74.9,87.1) 33(30.3,35.7) 0.001
Age at diagnosis < 12 years (%) 40 (32.4,47.6) 21 (18.8,23.2) 0.001

2 Mean of previous two years worth of glycated haemoglobin,
standardized to the central measurement

ues of diastolic blood pressure above 84 mmHg
(OR =22, 95%-CI 1.3-3.7, p < 0.005) and presence
of retinopathy at baseline (OR =10.1, 5.9-17.2,
p <0.0001) and decreased when patients were under
12 years of age at diagnosis (OR =0.65, 0.44-0.98,
p <0.04).

HbA,., diabetes duration, an age of less than
12 years at diagnosis, diastolic blood pressure and a
waist-to-hip ratio remained significant predictors for
progression to PDR when entered simultaneously
into a logistic regression model (Table 3). The strong-
est influence was from glycaemic control, with a stan-
dardized regression estimate of 3.03, followed by du-
ration and onset before puberty. A second model
which included the presence of retinopathy at base-
line maintained the effects of metabolic control and
onset before puberty only and abolished all the oth-
ers. A third model, inclusive of AER, maintained a
standardized regression estimate of 1.49 for onset of
diabetes before puberty but this was no longer statis-
tically significant. None of the other factors listed
above, including locally measured HbA, . had any ad-
ditional impact.

> Those on treatment given the highest value of the distribu-
tion; medians are presented
¢ Log-transformation was used

Discussion

The results of the EURODIAB PCS indicate that,
apart from previously known risk factors such as met-
abolic control, duration of diabetes and the presence
and severity of retinopathy at baseline, onset of
Type I diabetes before puberty could be an indepen-
dent indicator of progression to PDR.

The Wisconsin Epidemiologic Study of Diabetic
Retinopathy (WESDR) followed 996 patients with
young-onset diabetes for 14 years. Of these, 13%
had PDR at baseline, and the rates of development
over 4 [6], 10 [20] and 14 years [21] were consistent
with the incidence rate observed in this paper. As
with EURODIAB PCS, glycated haemoglobin, dura-
tion of diabetes, severity of retinopathy at baseline
and diastolic blood pressure were among the strong-
est factors associated with progression to PDR and
an association with hypertension was also observed.
Similar indicators of risk for progression to PDR
were reported in the Joslin Clinic series, in which
292 patients with Type I diabetes were followed up
from diagnosis for up to 40 years and the incidence
of new PDR was 3 for every 100 patient-years [22].
In the Diabetes Control and Complications Trial,
which had a median observation time similar to ours,
progression to PDR was 2.4 for every 100 patient-
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Fig.2. Comparison of log-linear and breakpoint models for as-
sociation between HbA, _ at baseline and progression to prolif-
erative retinopathy, adjusted for diabetes duration; logistic
(M); log-linear (A); segment 1 ({1-); segment 2 (-@-)

years in the conventional treatment arm, reduced to
1.1 by intensive insulin treatment [8]. Unlike our se-
ries, however, these results refer to patients with min-
imal ( < 5 microneurysms) DR at entry.

The standardized regression estimates carried out
in this paper (Table 3) show that HbA,. was the
strongest predictor of progression to PDR. No evi-
dence for a glycaemic threshold above which inci-
dence of PDR escalated was observed (Fig.2), in ac-
cordance with previous cohort studies [23-25] and
the EURODIAB cross-sectional findings [7]. In-
creased AER was also independently associated
with progression to PDR. Proteinuria was found to

Table 3. Standardized regression estimates for relation be-
tween key risk factors and progression to proliferative retinop-
athy

Risk factor Standardized regression p-value

estimate (95 %-CI)

Model 1

Duration 1.71 (1.42,2.06) 0.0001
HbA,, 3.03 (2.49,3.69) 0.0001
Waist-to-hip ratio 1.24 (1.04,1.47) 0.02
Diastolic BP > 83 mmHg 1.50 (1.03,2.20) 0.04
Age of diagnosis < 12 years  1.66 (1.11,2.50) 0.01
Model 2

Duration 1.12 (0.89,1.42) 0.3
HbA,, 3.24 (2.62,4.00) 0.0001
Waist-to-hip ratio 1.17 (0.96,1.42) 0.1
Diastolic BP > 83 mmHg 1.40 (0.93,2.08) 0.1
Age of diagnosis < 12 years  1.62 (1.06,2.48) 0.03
Baseline retinopathy 9.65 (5.64,16.51) 0.0001
Model 3

Duration 1.08 (0.86,1.37) 0.5
HbA,, 2.97 (2.40,3.68) 0.0001
Waist-to-hip ratio 1.14 (0.94,1.39) 0.2
Diastolic BP > 83 mmHg 1.17 (0.76,1.79) 0.5
Age of diagnosis < 12 years ~ 1.49 (0.94,2.33) 0.08
Baseline retinopathy 8.84 (5.12,15.25) 0.0001
Albumin excretion rate 1.33 (1.12,1.58) 0.001

be associated with prevalence of PDR in cross-sec-
tional studies [26] and with progression to PDR in
longitudinal surveys [21, 27]. The observation that
people with mild, moderate and severe non-prolifera-
tive lesions are more likely to develop PDR was also
not surprising, as these patients have already gone
through the initial stages of retinopathy, as reported
previously [28,29].

Onset of diabetes in the pre-pubertal age, arbitrari-
ly taken at 12 years of age, emerged as the second
strongest predictor for progression to PDR, indepen-
dent of diabetes duration (Table 3, Model 1), and re-
mained a significant risk factor even after adjusting
for retinopathy at baseline (Table 3, Model 2). This re-
sult was confirmed using a stratified approach by dura-
tion, and no significant interaction was found between
age and duration on the association between pre-pu-
bertal onset and risk of progression to PDR (data not
shown). Only a further adjustment for albumin excre-
tion rate attenuated the standardized regression esti-
mates (Table 3, Model 3) for age at puberty from 1.62
to 1.49, still a clinically relevant effect, even though
statistical significance was lost. However, even if one
assumes that these two variables are not independent
of each other, it would be more likely that age of onset
influences albuminuria than vice versa.

In the WESDR, at 10-year follow-up [20], PDR
was found less likely to have developed in patients
who had been under 10 years of age at diagnosis, sug-
gesting that pre-pubertal years might have a neutral
effect on progression. Similar observations were re-
ported by the Danish Study Group of Diabetes in
Childhood [30]. Such a discrepancy could be due to
the relative distribution of subjects, with short com-
pared with long duration and early compared with
later onset of diabetes in the WESDR and Danish
studies, which recruited cohorts of consecutive pa-
tients. EURODIAB and its prospective arm, EURO-
DIAB PCS, could be potentially better placed to
check for the relative weight of age at onset as a risk
factor, because patients had been stratified at base-
line by age and duration. The presence of differences
in risk factor concentrations at baseline between pa-
tients who were examined at follow-up and those
who were not (Table 1) could raise the problem of
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how representative of the initial cohort the sample
described in this paper was. However, such differenc-
es should not affect the direction or strength of risk
factor relations. For example, even if HbA, , differed
between patients who were and those who were not
followed up, poor metabolic control probably does
not increase the risk of developing PDR among pro-
gressors and reduce it among non-progressors.

Diastolic blood pressure and waist-to-hip ratio dis-
played weaker associations with progression to PDR,
which disappeared after adjusting by severity of ret-
inopathy at baseline (Table 3). Both variables are as-
sociated with the insulin-resistance syndrome, which
in turn could be involved in the pathogenesis of the
vascular complications of diabetes [31-33] and was
separately reported to be associated with appearance
of retinopathy in the EURODIAB PCS cohort [34].
However, the mechanisms leading to new vessel for-
mation are likely to become self-supporting during
the natural history of retinopathy and this might ex-
plain why at least some risk factors for non-prolifera-
tive lesions are not relevant to PDR.

Although metabolic control was the strongest
modifiable risk factor for the deterioration of retin-
opathy, current approaches to intensive treatment
are not likely, on their own, to completely abolish
progression to PDR [8]. In particular, there appears
to be no glycaemic threshold below which a patient
can be sure to be protected from progression to
PDR, indicating that other lines of intervention must
be pursued. The observation that the risk of progres-
sion increases for values of diastolic blood pressure
above 84 mmHg (Table 3), together with clinical tri-
als showing the beneficial effect of aggressive antihy-
pertensive treatment on retinopathy [35,36], further
support adoption of the targets established by current
WHO guidelines for the management of blood pres-
sure in patients with diabetes as well [37]. The results
of the EURODIAB PCS indicate that prevention of
diabetes-related blindness depends on active control
of blood glucose and blood pressure, coupled with
regular screening for sight-threatening retinopathy
[38], these remaining the best available options for in-
tervention on modifiable risk factors.
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