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OBJECTIVE—To determine if the cumulative incidence of severe retinopathy in patients with
type 1 diabetes has changed.

RESEARCH DESIGNANDMETHODS—The study looked at 3,781 patients diagnosed
with type 1 diabetes (1939–2005), median age at onset 13 (interquartile range [IQR] 9–21) years,
and duration of diabetes 19 (IQR 13–27) years. The severe retinopathy was based on a history of
laser treatment. Patients were divided into,1975, 1975–1979, 1980–1984, and$1985 cohorts
according to the diagnosis of diabetes.

RESULTS—The cumulative incidence of severe retinopathy has declined (P, 0.0001). After
20 years of duration, the cumulative incidence was 23% (95% CI 21–25) and 33 (30–35) in the
earliest cohorts, 18 (15–21) in the next cohort, and 6 (4–9) in the recent cohort. After 30 years,
the cumulative incidence was 52 and 48% in the earliest cohorts, while it was 62% after 40 years
in the earliest cohort.

CONCLUSIONS—The cumulative incidence of severe retinopathy has declined in patients
with type 1 diabetes.
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S tudies have demonstrated a declining
incidence in severe diabetic retinop-
athy (SDR) or proliferative diabetic

retinopathy (PDR) in patients with type 1
diabetes (1–3). Limited data are, however,
available on the relationship between the
period of diagnosis of type 1 diabetes and
the cumulative incidence of PDR.

RESEARCH DESIGN AND
METHODS—All subjects participated
in the nationwide, multicenter FinnDiane
study (4). Type 1 diabetes was defined as
onset before age 40 years and permanent
insulin initiated within 1 year of diagnosis.
A total of 3,781 patients’ data on potential

laser photocoagulation were available. The
study protocol was approved by the ethics
committees of the participating centers. Pa-
tients signed informed consent.

At the baseline visit (1997–2006), in-
formation including age at diagnosis, in-
sulin use, and diabetes complications was
obtained from themedical records using a
standardized form. Laser treatment was
defined as history of laser photocoagula-
tion. Treatment was mostly due to PDR
but also due to macular edema and severe
nonproliferative retinopathy. Laser treat-
ment was a surrogate end point for SDR.

Follow-up started at diagnosis of di-
abetes and ended at the time of the first

laser treatment. Patients without laser treat-
ment contributed to the follow-up until
their baseline visit. Patients were divided
into cohorts ,1975, 1975–1979, 1980–
1984, and$1985 based on the time of di-
agnosis of diabetes. Cumulative incidence
of SDR was estimated using the Kaplan-
Meier method dividing data by diagnosis
years. Differences between groups were
tested using the log-rank test.

Univariate and multivariate analyses
were performed using Cox proportional
hazards modeling. Variables were adjusted
for sex, age at onset, as well as interactions.
Analyses were performed using SAS 9.2
(SAS Institute Inc., Cary, NC).

RESULTS—Patients were divided into
diagnosis cohorts:,1975 (1,440 patients);
1975–1979 (517 patients); 1980–1984
(506 patients); and $1985 (1,318 pa-
tients). Median age at onset was the highest
in themost recent cohort, 18.3 years; it was
10.8, 12.6, and 12.7 years in the diagnosis
cohorts ,1975, 1975–1979, and 1980–
1984, respectively. Patient characteristics
are presented inmore detail in Supplemen-
tary Table 1.

Laser photocoagulationwas performed
in 1,219 subjects (32%). There were few
events during the first 10 years, after which
the cumulative incidence increased and
was 62% (95% CI 61–64) at 40 years.
This was subdivided by year of diagnosis
and revealed a declining trend (P ,
0.0001, log-rank test) (Fig. 1). The 30-
year cumulative incidence was 52% (95%
CI 50–53) in those diagnosed ,1975 and
48 (45–51) in those diagnosed in 1975–
1979.

The cumulative incidence at 20 years
was 23% (95%CI 21–25) and 33 (30–35)
in the earliest cohorts, 18 (15–21) in the
1980–1984 cohort, and 6.4 (4.0–8.7) in
the $1985 cohort.

There was a gradual decrease in hazard
ratio (HR) by a later year of diagnosis. Risk
of SDR decreased by 47% (HR = 0.53,
[95% CI 0.42–0.67]) and 64 (0.36 [0.26–
0.51]) in the 1980–1984 and $1985 co-
horts compared with the ,1975 cohort.
Adjustment for sex and age at onset had
no influence on the results.
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CONCLUSIONS—We observed a de-
clining trend in the cumulative incidence
of SDR after 20–30 years of diabetes, in
line with other Scandinavian studies,
when patients were divided by period of
diagnosis (1–3). The 30-year incidence of
48% in the 1975–1979 cohort and 52%
in the,1975 cohort was similar to the 41
and 51% observed in the Wisconsin Epi-
demiologic Study of Diabetic Retinopathy
(WESDR) population (5).

The Diabetes Control and Complica-
tions Trial (DCCT) showed that intensive
insulin therapy reduced the risk of laser
treatment (6). In Finland, patients have
had access to insulin and self-monitoring
blood glucose devices free of charge or at
low cost, but only 750 patients (2%) with
type 1 diabetes used pumps in 2003 (7).
Contrastingly, carbohydrate counting to
adjust mealtime insulin has long been
a routine. These developments in diabetes
care may have influenced the cumulative
incidence of SDR.

Earlier, when PDR could not be laser
treated, most patients became blind within
5–10 years (8,9). In Finland, the argon
laser device was introduced in 1973 with-
out uniform screening procedures. Some
patients were screened for PDR by oph-
thalmologists using a biomicroscope, but
themajority were screened by internists or
general practitioners using a direct oph-
thalmoscope. Due to the shortage of oph-
thalmologists in some parts of the country,
patients were not screened with equal
quality. This changed in 1992 when na-
tional guidelines for screening using fun-
dus photography were introduced (10).
Thephotography screeningwasmore equal,
and instead of examining fundi, ophthal-
mologists could perform laser treatment.

The decrease in the incidence of SDR
has not been accompanied by an im-
provement in the present HbA1c. This
does not, however, rule out the possibility
that patients in the earliest cohort might
have been exposed to worse glycemic

control over the years than patients in
the recent cohort. Baseline HbA1c ob-
tained in 1997–2006 does not necessarily
reflect the glycemic control decades ear-
lier. Evidence from Sweden showed that
glycemic control has improved over time
(11). Notably since adults were enrolled,
the proportion of those with diabetes di-
agnosed in early childhood was small in
the most recent cohort. The age at onset,
therefore, was high—a fact that might
have contributed to the low cumulative
incidence. Such a view is supported by
our previous data, which show the high-
est risk of PDR in the age-at-onset group
of 5–14 years and the lowest risk in the
age-at-onset group of 15–40 years (12).
However, the decline in the cumulative
incidence of SDR remained after adjusting
for age at onset.

The major strength of this study is the
large number of patients, but a limitation
is the fact that the diagnosis of SDR was
based on the history of laser treatment
rather than the review of fundus photo-
graphs. PDR was the indication for laser
treatment in the great majority of patients.
Most important was the fact that even self-
reported laser treatment has been shown
to be a reliable indicator of SDR (13). Be-
cause this study is retrospective and data
on loss of vision before laser treatment
were not available, potential competing
risks could not be analyzed.

In conclusion, we demonstrate a de-
cline over the last decades in the cumu-
lative incidence of SDR in patients with
type 1 diabetes.
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Figure 1—The cumulative incidence (%) of SDR in patients with type 1 diabetes by duration and
period of diagnosis in the FinnDiane study. The numbers of patients in each cohort who were
evaluated at years 0, 10, 20, 30, and 40 are shown below the graph.
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