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OBJECTIVE — To study the relationship of nonproliferative and proliferative retinopathy
with all-cause mortality and cardiovascular disease (CVD) incidence in type 1 diabetic patients
and, additionally, the role of cardiovascular risk factors in these associations.

RESEARCH DESIGN AND METHODS — This prospective study included 2,237 type
1 diabetic patients from 31 centers in 16 European countries at baseline, aged 15-60 years, who
were examined for retinopathy by taking two-field 45° fundus photographs, which were cen-
trally graded. Mortality and cardiovascular morbidity follow-up was assessed 6—8 years after
baseline examination according to a standardized protocol.

RESULTS — After 7.9 years of follow-up, 64 patients had died and 128 patients had incident
CVD. The age- and sex-adjusted hazard ratios (HRs) of all-cause mortality were 1.45 (95% CI
0.71-2.96) and 4.16 (1.96—8.84) in patients with nonproliferative and proliferative retinopathy
at baseline, respectively. Adjustments for cardiovascular risk factors completely obliterated the
association with nonproliferative retinopathy, whereas the association with proliferative retinop-
athy remained twofold increased, although nonsignificant. The age- and sex-adjusted HRs of
incident CVD were 1.73 (1.15-2.60) and 2.05 (1.22-3.45) in patients with nonproliferative and
proliferative retinopathy, respectively. After adjustments for cardiovascular risk factors, both
associations were attenuated and lost statistical significance.

CONCLUSIONS — This study shows that type 1 diabetic patients with nonproliferative or
proliferative retinopathy have an increased risk for all-cause mortality and incident CVD. The pres-
ence of cardiovascular risk factors explained the associations to a large extent, except for the associ-
ations with proliferative retinopathy, which suggests that other shared mechanisms may be involved.
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here is increasing evidence that mi-

cro- and macrovascular complica-

tions of diabetes share certain
pathophysiological mechanisms. This
may explain why microangiopathy has
been associated with macroangiopathy
and with mortality (1-10). For example,
microalbuminuria has strongly and inde-
pendently been associated with the devel-
opment of cardiovascular disease (CVD)
and mortality in type 2 diabetic patients
(1-3,10). Further, retinopathy has also
been associated with increased cardiovas-
cular and all-cause mortality risk, partic-
ularly in type 2 diabetes (4-9). In type 1
diabetes, however, this association has
been explored only in a limited fashion
(4,11). Type 1 diabetes, though, offers a
better opportunity to study the relation-
ship between retinopathy and cardiovas-
cular events than type 2 diabetes, because
of a younger population with less con-
founding variables associated with the
metabolic syndrome.

The pathophysiology underlying the
association of retinopathy with CVD and
mortality is not well understood. Cardio-
vascular risk factors, such as hyperten-
sion, dyslipidemia, and elevated HbA, .
level are also known as risk factors for the
development of diabetic retinopathy
(12,13), and thus, any association may
simply reflect shared risk factors. Previ-
ous studies (4,7,14), however, reported
that conventional cardiovascular risk fac-
tors can partly, but not entirely, account
for the association between retinopathy
and macrovascular disorders. Conse-
quently, it can be hypothesized that, sim-
ilar to the unknown mechanism by which
microalbuminuria increases the risk of
CVD (1), an unknown pathway may be
involved in the relationship between ret-
inopathy and macrovascular disorders.
Importantly, if mechanistic pathways for
any association for microalbuminuria and
retinopathy are dissimilar, retinopathy
could possibly reflect a new risk marker
for CVD.
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Therefore, the aims of our study were
to further explore the relationship of ret-
inopathy with macrovascular disorders in
type 1 diabetes and to investigate the role
of cardiovascular risk factors in this asso-
ciation. Thus, we described the relation-
ship of nonproliferative and proliferative
retinopathy with all-cause mortality and
CVD incidence (fatal and nonfatal to-
gether) during an 8-year follow-up of a
large European sample of type 1 diabetic
patients. In addition, we studied the role
of known cardiovascular risk factors in
these associations.

RESEARCH DESIGN AND
METHODS — The EURODIAB Pro-
spective Complications Study is a fol-
low-up of the EURODIAB IDDM
Complications Study (15). Full details of
the design, methods, and recruitment to
the EURODIAB cohort have been pub-
lished elsewhere (13,15,16). Baseline in-
vestigations were performed on 3,250
men and women with type 1 diabetes
aged between 15 and 60 years and drawn
from 31 centers in 16 European coun-
tries. The sampling frame contained all
type 1 diabetic patients attending at least
once in the last year for each center. Sam-
ple selection was stratified by age, sex,
and duration of diabetes to ensure suffi-
cient representation in all categories (15).
Type 1 diabetes was defined as a diagnosis
made before the age of 36 years, with a
need for continuous insulin therapy
within a year of diagnosis. Of those in-
vited, 85% participated. Patients with a
duration of diabetes <1 year and preg-
nant women were excluded. The local
ethics committees approved this study at
each center, and all persons provided
written informed consent.

Ophthalmologic examination

Color retinal photographs were taken ac-
cording to the EURODIAB protocol. This
included a 45° macular and nasal field for
each eye. Grading was performed by the
retinopathy grading center at the Ham-
mersmith Hospital of Imperial College
(London) by observers masked to all in-
formation about the patient except an
identification number (17). The grading
system has been described in detail previ-
ously (17). In brief, retinal lesions were
compared with standard photographs,
and patients were assigned to one level
out of a scale of six. High agreement was
reached when compared against the stan-

dard seven-field stereo photograph proto-
col. The worst eye determined each
patient’s level of retinopathy. In this
report, retinopathy is classified as non-
proliferative or proliferative. Nonprolif-
erative retinopathy was defined as the
presence of one or more microaneurysms,
hemorrhages, and/or hard exudates (17).
Proliferative retinopathy was defined as
any new vessels, fibrous proliferations,
preretinal hemorrhage, vitreous hemor-
rthage, or photocoagulation scars (17). In
addition, for the present study we also used
astricter classification of retinopathy to sep-
arately analyze the role of misclassification.
In this stricter classification, nonprolifera-
tive retinopathy was defined as the presence
of three or more microaneurysms, hemor-
rhages, and/or hard exudates.

Follow-up and outcomes
All patients were recalled for follow-up
assessment 6—8 years later. At the time of
the follow-up study, data on mortality
and morbidity forms were collected from
available hospital case notes or other
sources of clinical data in every participat-
ing center, detailing cause of death or the
presence or absence of severe complica-
tions at their most recent visit. When
death certificates could not be obtained, in-
formation considering cause of death was
reported by the physician or extracted from
the hospital record. Cause of death could
not be obtained for 23 of 64 deceased sub-
jects because of legal restrictions.
Outcome variables were all-cause
mortality and fatal and nonfatal CVD in-
cidence. Causes of death were coded ac-
cording to the ICD-9 classification and
assigned to different categories, such as
coronary heart disease, stroke, other
CVD, non-CVD, and unknown. Two
observers (N.C. and J.H.F.) separately al-
located cause of death with 100% agree-
ment. CVD was defined as a positive
medical history of a cardiovascular event,
including myocardial infarction, angina
pectoris, coronary artery bypass graft
and/or stroke, and/or ischemic changes
on a conventional 12-lead electrocardio-
gram (ECG) (16) and was assessed at
baseline and at follow-up examination.
Two observers classified the ECG abnor-
malities according to the Minnesota
Code. Any discrepancies between the two
observers were adjudicated by a third.
ECG abnormalities suggestive of probable
ischemia consist of codes 1.1 and 1.2
(major Q/QS waves) and code 7.1 (com-

plete left bundle branch block). Possible
ischemia consists of code 1.3 for minor Q
waves, codes 4.1, 4.2, and 4.3 for ST seg-
ment abnormalities, and codes 5.1, 5.2,
and 5.3 for T wave abnormalities.

Additional measurements

Blood pressure was recorded in a sitting
position with a random zero sphygmoma-
nometer (Hawskley, Lancing, U.K.) as the
mean of two measurements. Hyperten-
sion was defined as systolic blood pres-
sure =140 mmHg or diastolic blood
pressure =90 mmHg and/or the current
use of blood pressure lowering—drugs
(18). Baseline blood samples, from fasting
patients where possible, had been sent to
central laboratories for analysis. Measure-
ments included triglycerides, total choles-
terol, HDL cholesterol, and HbA,..
Triglyceride (19) and cholesterol (20)
concentration of plasma and the choles-
terol concentration of HDL (21) were as-
sayed by standard enzymatic methods
(Boehringer Mannheim, East Sussex,
U.K.) using a Cobas-Bio centrifugal ana-
lyzer (Roche, Welwyn Garden City,
Herts, U.K.). HbA, . was measured by an
enzyme immunoassay (Dako, Ely, U.K.)
using a monoclonal antibody raised
against HbA, . with a reference range of
2.9-4.8% (22). The intra-assay and in-
terassay coefficients of variation were
2.3-2.4and 2.6-5.0%, respectively. LDL
cholesterol concentration was calculated
from Friedewald’s formula (23). Urinary
albumin excretion was centrally deter-
mined with an immunoturbidimetric
method, as previously described (24).
Briefly, the albumin excretion rate (AER)
was calculated from a timed 24-h urine
collection, after excluding proteinuria
due to urinary tract infection. The AER
was defined as normal (<20 pg/min), mi-
croalbuminuria (=20 pg/min and <200
pwg/min), or macroalbuminuria (=200
png/min). Weight, height, and waist and
hip circumferences were measured.

Statistical analysis

Baseline characteristics are presented as
percentage, means * SD, or median (in-
terquartile range) in the case of a skewed
distribution by nonproliferative and pro-
liferative retinopathy status. Overall
group differences in continuous variables
were tested with ANOVA. Pearson’s x>
test was used for differences in categorical
measures. P values <0.05 were consid-
ered statistically significant. The fol-
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Table 1—Baseline characteristics, 8-year mortality, and CVD incidence according to retinopathy status in patients with type 1 diabetes

No Nonproliferative Proliferative
retinopathy retinopathy retinopathy P value

n 1,210 795 232

Baseline
Age (years) 20+9 35+ 10 39 * 10 <0.001
Sex (% male) 49 55 48 0.02
Duration diabetes (years)* 8.4 (5.1-13.2) 17.0 (12.8-22.6) 24.0 (19.2-28.4) <0.001
HbA,, (%) 6.5+ 2.0 6.8+ 1.7 6.8+ 1.9 0.001
Hypertension (%) 5 16 38 <0.001
Systolic blood pressure (mmHg) 116 £ 14 123 £ 19 131 £ 21 <0.001
Diastolic blood pressure (mmHg) 74+ 11 76 * 11 79 x 11 <0.001
BMI (kg/mz) 231128 240+£28 239 +£27 <0.001
Waist-to-hip ratio 0.85*£0.13 0.86 £0.11 0.86 £0.12 0.091
Waist circumference (cm) 782 9.7 81.8 9.6 80.7 £ 10.4 <0.001
Cholesterol (mmol/l) 51*1.0 54%x1.1 57*13 <0.001
Triglycerides (mmol/)* 0.9(0.7-1.2) 1.0 (0.7-1.4) 1.1(0.8-1.6) <0.001
LDL cholesterol (mmol/l) 3209 34*+1.0 36+1.1 <0.001
HDL cholesterol (mmol/l) 1504 15*+04 14*+04 0.066
AER (pug/min)* 0.9 (0.6-1.7) 1.2 (0.7-3.0) 6.0 (1.2-37.4) <0.001
Microalbuminuria (%) 18 25 30 <0.001
Macroalbuminuria (%) 2 9 33 <0.001
Height (cm) 1695 = 9.7 169.2 = 9.6 166.3 = 8.7 <0.001
Prior CVD (%) 6 9 18 <0.001

Follow-up
All-cause mortality 18 (1.5) 24 (3.0) 22 (9.5) <0.001
Nonfatal CVD incidencet 43 (4.1) 58 (8.6) 21 (11.7) <0.001
Fatal and nonfatal CVD incidence?t 43 (4.1) 60 (8.9) 25 (13.6) <0.001

Data are means = SD, n (%), or median (interquartile range) in case of skewed distribution, unless otherwise indicated. *Log transformed because of skewed
distribution. TFor these analyses, we used 1,914 subjects without prevalent CVD and with available information on morbidity follow-up status. P value: test for trend
(ANOVA) for continuous variables or Pearson’s x* test for categorical measures.

low-up duration for mortality was
calculated as the time between the base-
line examination and date of death, date
of loss to follow-up, or date of the fol-
low-up examination. Follow-up duration
for fatal and nonfatal CVD incidence was
calculated as the time between the base-
line examination and date of first event
(myocardial infarction, angina pectoris,
coronary artery bypass graft, or stroke),
date of abnormal ECG finding suggestive
of ischemia, date of loss to follow-up, or
date of follow-up examination. Kaplan-
Meier survival curves for subjects without
retinopathy or with nonproliferative or
proliferative retinopathy were plotted for
all-cause mortality. Differences between
the curves were tested by the log rank test.
Cox’s proportional hazard analyses were
used to analyze the association of nonpro-
liferative and proliferative retinopathy at
baseline with all-cause mortality and in-
cidence of fatal and nonfatal CVD. We
first adjusted for age and sex only. Then,
associations were adjusted one by one for
possible contributing covariates to dem-

onstrate their individual role in account-
ing for any elevated risk. Finally, a
multivariate model was created in order
to study the independent predictive
power of nonproliferative and prolifera-
tive retinopathy for all-cause mortality
and fatal and nonfatal CVD incidence.
Data are presented as hazard ratios (HRs)
(which can be interpreted as relative
risks) with a 95% CI. All analyses were
performed in SPSS 10.1 for Windows 98.

RESULTS — Of the 3,250 patients re-
cruited at baseline, 2,237 had usable pho-
tographs and information on vital status
and were included in the present study.
We excluded 771 subjects with missing
fundus photographs and 463 subjects
with missing vital status at follow-up. Vi-
tal status was not obtained for 463 per-
sons because of the following reasons: 4
local centers did not participate in the
prospective study (n = 437), 8 patients
did not fulfill the inclusion criteria, and
18 had an unknown vital status. Subjects
with missing fundus photographs and/or

missing vital status at follow-up had signif-
icantly higher HbA, . levels, larger waist cir-
cumferences, higher diastolic blood
pressure levels, a higher prevalence of prior
CVD, and a less favorable lipid profile.

For the analyses with incident CVD as
outcome variable, we excluded subjects
with missing follow-up morbidity data
(n = 134) and/or prevalent CVD (n =
174) and/or unknown cause of death (n =
23), resulting in 1,914 individuals with
complete data. Baseline distribution of
risk factors did not differ between patients
with known and missing causes of death,
but the group with missing morbidity
data at follow-up had higher systolic
blood pressure levels, larger waist cir-
cumferences, and higher triglyceride
levels. Table 1 shows the baseline charac-
teristics, 8-year mortality, and fatal and
nonfatal CVD incidence according to
baseline retinopathy status.

Retinopathy and all-cause mortality
After a median follow-up of 7.5 years
(range 7.0-7.9), 64 patients died. Among
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Figure 1—All-cause mortality according to baseline retinopathy (RP) status in type 1 diabetes.
patients with no, nonproliferative, and nonproliferative retinopathy, was com- tably HbA,_, hypertension, and albumin

proliferative retinopathy, the percentages
of deaths were 1.5% (n = 18; two cardio-
vascular, nine noncardiovascular, seven
unknown), 3.0% (n = 24,6, 9, 9, respec-
tively), and 9.5% (n = 22;8, 7, 7, respec-
tively) (Table 1).

The Kaplan-Meier curves in Fig. 1
show that all-cause mortality was signifi-
cantly higher in patients with proliferative
retinopathy than in patients with nonpro-
liferative retinopathy and subjects with-
out retinopathy (P < 0.001). All-cause
mortality in patients with nonprolifera-
tive retinopathy was also significantly el-
evated compared with patients without
retinopathy (P = 0.034). The age- and
sex-adjusted HRs of all-cause mortality
were 1.45 (95% CI1 0.71-2.96) and 4.16
(1.96-8.84) in patients with nonprolif-
erative and proliferative retinopathy, re-
spectively, compared with patients
without retinopathy (Table 2). The in-
creased mortality risks associated with
nonproliferative and proliferative reti-
nopathy were considerably attenuated by
adjustment for lipids and AER and, for

pletely obliterated in the multivariate
model, while remaining large (2.06), but
statistically nonsignificant, in prolifera-
tive retinopathy (Table 2).

Retinopathy and incident CVD

After a median follow-up of 7.4 years
(range 6.9-7.9), 128 patients had inci-
dent CVD (either fatal or nonfatal).
Among patients with no, nonprolifera-
tive, and proliferative retinopathy, the
percentages of cases were 4.1% (n = 43; 2
fatal, 43 nonfatal), 8.9% (n = 60; 6 fatal,
58 nonfatal), and 13.6% (n = 25; 8 fatal,
21 nonfatal).

The age- and sex-adjusted HRs of in-
cident CVD were 1.73 (95% CI 1.15-
2.60) and 2.05 (1.22-3.45) in patients
with nonproliferative and proliferative
retinopathy compared with patients with-
out retinopathy, respectively (Table 2).
The increased CVD risks associated with
nonproliferative and proliferative reti-
nopathy were explained to some extent,
but not entirely, by other risk factors, no-

excretion (Table 2).

Additional analyses

To evaluate possible misclassification, we
repeated the analyses with a more strict
classification of retinopathy of three or
more abnormalities. This did not materi-
ally change the results (data not shown),
indicating misclassification was limited.
The analyses for all-cause mortality were
repeated after exclusion of patients with
prior CVD at baseline. This again did not
materially change the results (data not
shown).

CONCLUSIONS — The present
study shows that both nonproliferative
and proliferative retinopathy were predic-
tive of subsequent all-cause mortality and
cardiovascular events in type 1 diabetic
patients. After adjustment for cardiovas-
cular risk factors, the increased risk for
all-cause mortality disappeared in sub-
jects with nonproliferative retinopathy
but remained twofold greater in those
with proliferative retinopathy. Lipid lev-
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Table 2—Age- and sex-adjusted hazard ratios for all-cause mortality and fatal and nonfatal CVD associated with nonproliferative and

proliferative retinopathy in type 1 diabetes

Model 1 and added variables

All-cause mortality

Fatal and nonfatal CVD

Nonproliferative
retinopathy

Proliferative
retinopathy

Nonproliferative
retinopathy

Proliferative
retinopathy

HR (95% CI)

HR (95% CI)

HR (95% CI)

HR (95% CI)

Model 1: retinopathy, age, and sex
One-by-one adjustment
Model 1 and diabetes duration
Model 1 and HbA
Model 1 and hypertension
Model 1 and BMI
Model 1 and waist-to-hip ratio
Model 1 and triglycerides
Model 1 and LDL cholesterol
Model 1 and non-HDL cholesterol
Model 1 and AER
Model 1 and smoking status
Model 1 and prior CVD
Multivariate model
Model 1 and diabetes duration,
HbA,, hypertension, BMI, LDL
cholesterol, AER, and prior CVD

1.45(0.71-2.96)

1.74 (0.83-3.68)
1.38 (0.68-2.83)
1.33 (0.65-2.74)
1.51 (0.74-3.08)
1.45(0.71-2.96)
1.24 (0.60-2.55)
0.79 (0.33-1.88)
1.19(0.52-2.71)
1.10 (0.52-2.32)
1.42 (0.70-2.90)
1.43 (0.70-2.93)

4.16 (1.96-8.84)

5.90 (2.46-14.14)
3.99 (1.87-8.51)
3.32 (1.52-7.26)
4.28 (2.02-9.10)
4.12 (1.94-8.76)
3.73 (1.77-7.87)
2.78 (1.18-6.56)
3.65 (1.55-8.57)
3.09 (1.40-6.82)
4.35 (2.05-9.25)
3.89 (1.81-8.36)

1.73 (1.15-2.60)

1.75 (1.13-2.69)
1.65 (1.09-2.49)
1.60 (1.06-2.42)
1.74 (1.15-2.62)
1.72 (1.15-2.60)
1.69 (1.12-2.55)
1.91(1.18-3.10)
1.73 (1.15-2.61)
1.60 (1.05-2.44)
1.72 (1.14-2.58)
1.66 (1.10-2.51)

2.05(1.22-3.45)

2.10 (1.17-3.77)
1.98 (1.18-3.34)
1.79 (1.05-3.06)
2.05(1.22-3.46)
2.10 (1.25-3.52)
2.00 (1.19-3.38)
2.57 (1.41-4.67)
2.03(1.20-3.44)
1.79 (1.03-3.09)
2.10 (1.24-3.54)
2.14 (1.27-3.60)

0.54 (0.19-1.53) 2.06 (0.63-6.73)

1.30 (0.74-2.29) 1.63 (0.80-3.33)

HR (95% CD) for all-cause mortality and fatal and nonfatal CVD analyzed by Cox’s proportional hazards analyses.

els and AER explained a considerate part
of the association between retinopathy
and mortality. Surprisingly, HbA, . and
diabetes duration, both important risk
factors for retinopathy as well as mortality
in the EURODIAB study (10,13), did not
contribute to the relation of retinopathy
and mortality. The increased risk for CVD
in people with nonproliferative or prolif-
erative retinopathy was attenuated but
not completely explained by adjustment
for cardiovascular risk factors, in particu-
lar HbA, ., hypertension, and AER.

The present findings support results
from previous studies (4,6-9,11,25) in
type 1 and type 2 diabetes that demon-
strated that retinopathy is positively asso-
ciated with mortality and cardiovascular
events and that these associations can be
explained to an important extent, but not
entirely, by other cardiovascular risk fac-
tors (4,8). The Wisconsin Epidemiologic
Study of Diabetic Retinopathy, the only
prospective study of retinopathy and
mortality in a type 1 diabetic population,
showed after 16 and 20 years follow-up a
slightly increased risk for CVD and mor-
tality associated with retinopathy (4,11),
which is consistent with our results. In
the present European study, the associa-
tion with all-cause mortality was rela-

tively stronger but lost statistical
significance in the multivariate model due
to small sample sizes. Moreover, the num-
ber of fatal CVD cases was too small for
separate analyses. In the Atherosclerosis
Risk in Communities study (26), diabetic
retinopathy was not associated with any
clinical manifestation of atherosclerosis,
such as stroke, coronary heart disease,
and peripheral artery disease. However,
these were cross-sectional results, and
only one fundus photograph was taken of
each participant, which may have influ-
enced the associations.

Our finding that proliferative retinop-
athy was more strongly associated with
all-cause mortality than nonproliferative
retinopathy is consistent with other stud-
ies (4,6,8) in type 2 diabetic patients and
suggests that proliferative retinopathy is a
stronger risk marker than nonprolifera-
tive retinopathy. Risk of fatal and nonfatal
CVD, however, was almost similar in both
nonproliferative and proliferative reti-
nopathy. The stronger association of pro-
liferative retinopathy with all-cause
mortality (fourfold) than with combined
fatal and nonfatal cardiovascular events
(twofold) is striking, given that we hy-
pothesized that any association should be
related to vascular disorders. This dis-

crepancy may be partly due to, first, the
considerable proportion of deaths with
unknown causes, which are likely to be
cardiovascular in origin. Second, the ma-
jority of cardiovascular events were non-
fatal and based on criteria such as ECG
abnormalities, which may result in a de-
gree of misclassification. Life and death
status is clearly easier to classify correctly.

In contrast to previous reports (4,7,8)
in type 2 diabetic patients, the increased
risk of all-cause mortality and incident
CVD associated with nonproliferative ret-
inopathy was completely obliterated after
adjustment for known cardiovascular risk
factors. However, proliferative retinopa-
thy was associated with a twofold in-
creased risk for all-cause mortality and
CVD, although nonsignificant. Thus, pro-
liferative retinopathy may reflect other
pathways than the conventional cardio-
vascular risk factors leading to an in-
creased risk of mortality or CVD.
Advanced glycated end products could
play an important role in the relationship
between retinopathy and cardiovascular
outcomes, as advanced glycated end
products are reported to be involved in
the pathogenesis of retinopathy and ath-
erosclerosis (27,28). Other unidentified
mechanisms could include endothelial
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dysfunction and inflammatory activity,
both reported to be associated with mi-
crovascular and macrovascular disorders
(29-33). These possibilities require fur-
ther study.

The EURODIAB Prospective Compli-
cations Study offers a unique possibility
to study complications of type 1 diabetes,
as it provides a large, multicenter, Euro-
pean cohort of type 1 diabetic patients
attending a clinic minimally once a year
and where the same standardized meth-
ods were used in each center. Further-
more, type 2 diabetes is often associated
with numerous other risk factors for CVD
in the, often elderly, patients affected, so
that disentangling analysis may remain
open to imprecision. Type 1 diabetes may
offer a “cleaner” model to study such re-
lationships. However, since cardiovascu-
lar events are relatively rare among these
younger patients, a similar study could be
carried out only in such large population
as the one studied prospectively by the
EURODIAB Prospective Complications
Study.

Limitations were also present in this
study. First, of the baseline population,
31% had missing fundus photographs
and/or were lost to follow-up, and 14%
had missing morbidity data. These indi-
viduals with missing data of mortality and
morbidity follow-up and/or fundus pho-
tographs at baseline had a more athero-
genic profile. This may have lead to an
underestimation of the true association of
retinopathy with mortality and CVD inci-
dence. Second, the release of confidential
cause of death data was difficult due to
legal restrictions in a number of countries,
which led to a relatively large number of
unknown causes of death. Finally, the
measurement at baseline of all covariates
used in this study was done only once.
Therefore, the role of residual confound-
ing related to imprecision of measure-
ments of covariates due to this single
measurement, leading to an underestima-
tion of the confounding role of a covari-
ate, cannot be discounted. Nevertheless,
the twofold increased risk of total mortal-
ity associated with proliferative retinopa-
thy despite multivariate adjustments
suggests that residual confounding can-
not wholly account for our findings.

In conclusion, we have shown that
nonproliferative and proliferative reti-
nopathy in type 1 diabetes are associated
with an increased risk of all-cause mortal-
ity and incident CVD. Adjustments for

cardiovascular risk factors completely
obliterated the association with nonpro-
liferative retinopathy, whereas the associ-
ation with proliferative retinopathy
remained increased, although nonsignifi-
cant. These data suggest that mechanisms
other than shared cardiovascular risk fac-
tors may be involved in the relationship
between retinopathy and CVD and mor-
tality.
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