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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 centrally 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 retinopathy 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 presence of cardiovascular risk factors explained the associations to a large extent, except for the associations with proliferative retinopathy, which suggests that other shared mechanisms may be involved.
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here is increasing evidence that micro- and macrovascular complications 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 independently been associated with the development of cardiovascular disease (CVD)
and mortality in type 2 diabetic patients
(1–3,10). Further, retinopathy has also
been associated with increased cardiovascular and all-cause mortality risk, particularly 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 relationship between retinopathy and cardiovascular events than type 2 diabetes, because
of a younger population with less confounding variables associated with the
metabolic syndrome.
The pathophysiology underlying the
association of retinopathy with CVD and
mortality is not well understood. Cardiovascular risk factors, such as hypertension, dyslipidemia, and elevated HbA1c
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. Previous studies (4,7,14), however, reported
that conventional cardiovascular risk factors can partly, but not entirely, account
for the association between retinopathy
and macrovascular disorders. Consequently, it can be hypothesized that, similar to the unknown mechanism by which
microalbuminuria increases the risk of
CVD (1), an unknown pathway may be
involved in the relationship between retinopathy 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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RESEARCH DESIGN AND
METHODS — The EURODIAB Prospective Complications Study is a follow-up of the EURODIAB IDDM
Complications Study (15). Full details of
the design, methods, and recruitment to
the EURODIAB cohort have been published elsewhere (13,15,16). Baseline investigations 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 countries. The sampling frame contained all
type 1 diabetic patients attending at least
once in the last year for each center. Sample selection was stratified by age, sex,
and duration of diabetes to ensure sufficient 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 invited, 85% participated. Patients with a
duration of diabetes ⬍1 year and pregnant 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 according 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 Hammersmith Hospital of Imperial College
(London) by observers masked to all information about the patient except an
identification number (17). The grading
system has been described in detail previously (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 stan1384

dard seven-field stereo photograph protocol. The worst eye determined each
patient’s level of retinopathy. In this
report, retinopathy is classified as nonproliferative or proliferative. Nonproliferative 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 hemorrhage, or photocoagulation scars (17). In
addition, for the present study we also used
a stricter classification of retinopathy to separately analyze the role of misclassification.
In this stricter classification, nonproliferative retinopathy was defined as the presence
of three or more microaneurysms, hemorrhages, 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 participating center, detailing cause of death or the
presence or absence of severe complications at their most recent visit. When
death certificates could not be obtained, information 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 subjects because of legal restrictions.
Outcome variables were all-cause
mortality and fatal and nonfatal CVD incidence. Causes of death were coded according 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 allocated cause of death with 100% agreement. 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 electrocardiogram (ECG) (16) and was assessed at
baseline and at follow-up examination.
Two observers classified the ECG abnormalities 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 segment 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 sphygmomanometer (Hawskley, Lancing, U.K.) as the
mean of two measurements. Hypertension was defined as systolic blood pressure ⱖ140 mmHg or diastolic blood
pressure ⱖ90 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. Measurements included triglycerides, total cholesterol, HDL cholesterol, and HbA 1c .
Triglyceride (19) and cholesterol (20)
concentration of plasma and the cholesterol concentration of HDL (21) were assayed by standard enzymatic methods
(Boehringer Mannheim, East Sussex,
U.K.) using a Cobas-Bio centrifugal analyzer (Roche, Welwyn Garden City,
Herts, U.K.). HbA1c was measured by an
enzyme immunoassay (Dako, Ely, U.K.)
using a monoclonal antibody raised
against HbA1c with a reference range of
2.9 – 4.8% (22). The intra-assay and interassay coefficients of variation were
2.3–2.4 and 2.6 –5.0%, respectively. LDL
cholesterol concentration was calculated
from Friedewald’s formula (23). Urinary
albumin excretion was centrally determined 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 g/min), microalbuminuria (ⱖ20 g/min and ⬍200
g/min), or macroalbuminuria (ⱖ200
g/min). Weight, height, and waist and
hip circumferences were measured.
Statistical analysis
Baseline characteristics are presented as
percentage, means ⫾ SD, or median (interquartile range) in the case of a skewed
distribution by nonproliferative and proliferative retinopathy status. Overall
group differences in continuous variables
were tested with ANOVA. Pearson’s 2
test was used for differences in categorical
measures. P values ⬍0.05 were considered statistically significant. The folDIABETES CARE, VOLUME 28, NUMBER 6, JUNE 2005
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Therefore, the aims of our study were
to further explore the relationship of retinopathy with macrovascular disorders in
type 1 diabetes and to investigate the role
of cardiovascular risk factors in this association. Thus, we described the relationship of nonproliferative and proliferative
retinopathy with all-cause mortality and
CVD incidence (fatal and nonfatal together) 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.

van Hecke and Associates

Table 1—Baseline characteristics, 8-year mortality, and CVD incidence according to retinopathy status in patients with type 1 diabetes
Nonproliferative
retinopathy

Proliferative
retinopathy

1,210

795

232

29 ⫾ 9
49
8.4 (5.1–13.2)
6.5 ⫾ 2.0
5
116 ⫾ 14
74 ⫾ 11
23.1 ⫾ 2.8
0.85 ⫾ 0.13
78.2 ⫾ 9.7
5.1 ⫾ 1.0
0.9 (0.7–1.2)
3.2 ⫾ 0.9
1.5 ⫾ 0.4
0.9 (0.6–1.7)
18
2
169.5 ⫾ 9.7
6

35 ⫾ 10
55
17.0 (12.8–22.6)
6.8 ⫾ 1.7
16
123 ⫾ 19
76 ⫾ 11
24.0 ⫾ 2.8
0.86 ⫾ 0.11
81.8 ⫾ 9.6
5.4 ⫾ 1.1
1.0 (0.7–1.4)
3.4 ⫾ 1.0
1.5 ⫾ 0.4
1.2 (0.7–3.0)
25
9
169.2 ⫾ 9.6
9

39 ⫾ 10
48
24.0 (19.2–28.4)
6.8 ⫾ 1.9
38
131 ⫾ 21
79 ⫾ 11
23.9 ⫾ 2.7
0.86 ⫾ 0.12
80.7 ⫾ 10.4
5.7 ⫾ 1.3
1.1 (0.8–1.6)
3.6 ⫾ 1.1
1.4 ⫾ 0.4
6.0 (1.2–37.4)
30
33
166.3 ⫾ 8.7
18

⬍0.001
0.02
⬍0.001
0.001
⬍0.001
⬍0.001
⬍0.001
⬍0.001
0.091
⬍0.001
⬍0.001
⬍0.001
⬍0.001
0.066
⬍0.001
⬍0.001
⬍0.001
⬍0.001
⬍0.001

18 (1.5)
43 (4.1)
43 (4.1)

24 (3.0)
58 (8.6)
60 (8.9)

22 (9.5)
21 (11.7)
25 (13.6)

⬍0.001
⬍0.001
⬍0.001

P value

Data are means ⫾ SD, n (%), or median (interquartile range) in case of skewed distribution, unless otherwise indicated. *Log transformed because of skewed
distribution. †For 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 2 test for categorical measures.

low-up duration for mortality was
calculated as the time between the baseline examination and date of death, date
of loss to follow-up, or date of the follow-up examination. Follow-up duration
for fatal and nonfatal CVD incidence was
calculated as the time between the baseline 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. KaplanMeier 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 nonproliferative and proliferative retinopathy at
baseline with all-cause mortality and incidence 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 demDIABETES CARE, VOLUME 28, NUMBER 6, JUNE 2005

onstrate their individual role in accounting for any elevated risk. Finally, a
multivariate model was created in order
to study the independent predictive
power of nonproliferative and proliferative 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 recruited at baseline, 2,237 had usable photographs 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. Vital status was not obtained for 463 persons 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 significantly higher HbA1c levels, larger waist circumferences, 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 circumferences, and higher triglyceride
levels. Table 1 shows the baseline characteristics, 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
1385
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n
Baseline
Age (years)
Sex (% male)
Duration diabetes (years)*
HbA1c (%)
Hypertension (%)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
BMI (kg/m2)
Waist-to-hip ratio
Waist circumference (cm)
Cholesterol (mmol/l)
Triglycerides (mmol/l)*
LDL cholesterol (mmol/l)
HDL cholesterol (mmol/l)
AER (g/min)*
Microalbuminuria (%)
Macroalbuminuria (%)
Height (cm)
Prior CVD (%)
Follow-up
All-cause mortality
Nonfatal CVD incidence†
Fatal and nonfatal CVD incidence†

No
retinopathy

Retinopathy is related to mortality and CVD

patients with no, nonproliferative, and
proliferative retinopathy, the percentages
of deaths were 1.5% (n ⫽ 18; two cardiovascular, nine noncardiovascular, seven
unknown), 3.0% (n ⫽ 24; 6, 9, 9, respectively), and 9.5% (n ⫽ 22; 8, 7, 7, respectively) (Table 1).
The Kaplan-Meier curves in Fig. 1
show that all-cause mortality was significantly higher in patients with proliferative
retinopathy than in patients with nonproliferative retinopathy and subjects without retinopathy (P ⬍ 0.001). All-cause
mortality in patients with nonproliferative retinopathy was also significantly elevated compared with patients without
retinopathy (P ⫽ 0.034). The age- and
sex-adjusted 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, respectively, compared with patients
without retinopathy (Table 2). The increased mortality risks associated with
nonproliferative and proliferative retinopathy were considerably attenuated by
adjustment for lipids and AER and, for
1386

nonproliferative retinopathy, was completely obliterated in the multivariate
model, while remaining large (2.06), but
statistically nonsignificant, in proliferative retinopathy (Table 2).
Retinopathy and incident CVD
After a median follow-up of 7.4 years
(range 6.9 –7.9), 128 patients had incident CVD (either fatal or nonfatal).
Among patients with no, nonproliferative, 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 incident 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 without retinopathy, respectively (Table 2).
The increased CVD risks associated with
nonproliferative and proliferative retinopathy were explained to some extent,
but not entirely, by other risk factors, no-

tably HbA1c, hypertension, and albumin
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 materially 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 — T h e p r e s e n t
study shows that both nonproliferative
and proliferative retinopathy were predictive of subsequent all-cause mortality and
cardiovascular events in type 1 diabetic
patients. After adjustment for cardiovascular risk factors, the increased risk for
all-cause mortality disappeared in subjects with nonproliferative retinopathy
but remained twofold greater in those
with proliferative retinopathy. Lipid levDIABETES CARE, VOLUME 28, NUMBER 6, JUNE 2005
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Figure 1—All-cause mortality according to baseline retinopathy (RP) status in type 1 diabetes.
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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
All-cause mortality

Model 1 and added variables

Nonproliferative
retinopathy

Proliferative
retinopathy

Nonproliferative
retinopathy

Proliferative
retinopathy

HR (95% CI)

HR (95% CI)

HR (95% CI)

HR (95% CI)

1.45 (0.71–2.96)

4.16 (1.96–8.84)

1.73 (1.15–2.60)

2.05 (1.22–3.45)

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)

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)

1.75 (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)

2.10 (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% CI) 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, HbA1c 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 proliferative retinopathy was attenuated but
not completely explained by adjustment
for cardiovascular risk factors, in particular HbA1c, hypertension, and AER.
The present findings support results
from previous studies (4,6 –9,11,25) in
type 1 and type 2 diabetes that demonstrated that retinopathy is positively associated with mortality and cardiovascular
events and that these associations can be
explained to an important extent, but not
entirely, by other cardiovascular risk factors (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 mortality associated with retinopathy (4,11),
which is consistent with our results. In
the present European study, the association with all-cause mortality was relaDIABETES CARE, VOLUME 28, NUMBER 6, JUNE 2005

tively stronger but lost statistical
significance in the multivariate model due
to small sample sizes. Moreover, the number 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 influenced the associations.
Our finding that proliferative retinopathy was more strongly associated with
all-cause mortality than nonproliferative
retinopathy is consistent with other studies (4,6,8) in type 2 diabetic patients and
suggests that proliferative retinopathy is a
stronger risk marker than nonproliferative retinopathy. Risk of fatal and nonfatal
CVD, however, was almost similar in both
nonproliferative and proliferative retinopathy. The stronger association of proliferative retinopathy with all-cause
mortality (fourfold) than with combined
fatal and nonfatal cardiovascular events
(twofold) is striking, given that we hypothesized 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 majority of cardiovascular events were nonfatal and based on criteria such as ECG
abnormalities, which may result in a degree 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 retinopathy was completely obliterated after
adjustment for known cardiovascular risk
factors. However, proliferative retinopathy was associated with a twofold increased risk for all-cause mortality and
CVD, although nonsignificant. Thus, proliferative retinopathy may reflect other
pathways than the conventional cardiovascular risk factors leading to an increased 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 atherosclerosis (27,28). Other unidentified
mechanisms could include endothelial
1387
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Model 1: retinopathy, age, and sex
One-by-one adjustment
Model 1 and diabetes duration
Model 1 and HbA1c
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,
HbA1c, hypertension, BMI, LDL
cholesterol, AER, and prior CVD

Fatal and nonfatal CVD

Retinopathy is related to mortality and CVD
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cardiovascular risk factors completely
obliterated the association with nonproliferative retinopathy, whereas the association with proliferative retinopathy
remained increased, although nonsignificant. These data suggest that mechanisms
other than shared cardiovascular risk factors may be involved in the relationship
between retinopathy and CVD and mortality.
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