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Abstract

Aims/hypothesis The purpose of screening for diabetic retinopathy is to detect either of the two sight-threatening complications:
proliferative diabetic retinopathy (PDR) or clinically significant diabetic macular oedema (DME). The aim of the study was to
evaluate whether systemic risk factors affect the risk of developing these two complications differently.

Methods Survival analysis with death as a competing risk was used to describe the effect of sex, age and time of onset of
diabetes, systolic (SBP) and diastolic (DBP) BPs, and the weighted exposure and CV of HbA,, for the development of PDR and
DME from all 2773 patients treated for diabetic retinopathy in a defined population from the Aarhus area, Denmark, between 1
July 1994 and 1 July 2019.

Results Increasing HbA . above normal increased the risk of developing both PDR and DME (p <0.04), and values below
normal increased the risk of developing PDR (p < 0.013). Increasing DBP increased the risk of developing both PDR and DME
(p<0.0001), whereas increasing SBP increased the risk of developing DME (p < 0.0001), but not PDR (p > 0.08). The risk of
developing PDR increased with decreasing age of onset of diabetes (p <0.0001), whereas the risk of developing DME was
maximal for a known onset of diabetes at about 30 years of age and decreased significantly for both lower and higher ages of
onset (p < 0.0001). The risk of developing both PDR and DME was lower in women than in men (p < 0.004) and was reduced
with lower variability of repeated HbA ;. measurements (p < 0.0001).

Conclusions/interpretation Systemic risk factors such as metabolic regulation, arterial BP and the age of onset of diabetes
contribute differently to the development of PDR and DME. The overall risk of developing treatment-requiring diabetic reti-
nopathy should be calculated from the risks of reaching each of the two complications separately.

Keywords Age of onset of diabetes - Blood pressure - Diabetic macular oedema - Metabolic regulation - Proliferative diabetic
retinopathy - Risk factors - Survival analysis

Abbreviations Introduction

DBP Diastolic BP

DME Diabetic macular oedema The aim of screening for diabetic retinopathy is to detect either
PDR Proliferative diabetic retinopathy of the two sight-threatening complications: proliferative
SBP Systolic BP diabetic retinopathy (PDR) and diabetic maculopathy with
VEGF Vascular endothelial growth factor clinically significant macular oedema (DME) [1]. The devel-
wHbA ;. Weighted HbA opment of PDR is related to capillary occlusion in the retinal

periphery, and DME to vascular hyperpermeability in the
macular area, which implies that the two complications can
occur both separately and together [2, 3]. The progression of
diabetic retinopathy is described on a semi-quantitative scale
>4 Toke Bek ranging from no retinopathy to PDR, with the presence, or not,

toke.bek @mail.tele.dk of DME added to this scale. This principle was introduced in
) the late 1960s [4], when PDR in type 1 diabetic individuals
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What is already known about this subject?

e  Systemic risk factors such as sex, metabolic regulation, arterial BP and age of onset of diabetes are known to affect
the risk of developing sight-threatening diabetic retinopathy

What is the key question?

e Do these systemic risk factors contribute differently to the development of proliferative diabetic retinopathy (PDR)

and diabetic macular oedema (DME)?

What are the new findings?

e Age of diabetes onset, metabolic regulation and arterial BP contribute differently to the development of PDR and

DME

e Lower than normal HbAc increases the risk of developing sight-threatening diabetic retinopathy

e  The overall risk of developing treatment-requiring diabetic retinopathy should be assessed from the risks of
reaching the two complications PDR and DME separately

How might this impact on clinical practice in the foreseeable future?

e Thefindings may be used to improve algorithms for calculating optimal intervals between screening examinations

for diabetic retinopathy

and has been extended to current adaptations of the scale [5,
6]. During recent decades, the increasing incidence of type 2
diabetes has resulted in an increase in the incidence of DME to
become a separate endpoint that should be detected and treat-
ed [7, 8]. Therefore, it is possible that systemic risk factors
such as sex, BP, metabolic regulation and the variables under-
lying the definition of diabetes type [9] may also affect the risk
of developing the two treatment endpoints differently. Studies
of how risk factors affect diabetic retinopathy endpoints
should consider that such effects may not be monotonic,
and, since long follow-up times are required, the data should
be corrected for the death of the population over time.
Survival analysis with death as competing risk was there-
fore used to describe individual systemic risk factors for the
development of PDR and DME from all 2773 patients treated
for diabetic retinopathy in a defined population from the
Aarhus area, Denmark, between 1 July 1994 and 1 July 2019.

Methods

Patients The study was performed using data in the diabetic
retinopathy database at the Department of Ophthalmology,
Aarhus University Hospital, which by 1 July 2019 contained
prospectively collected clinical data and gradings of fundus
photographs from 80,198 examinations performed in 18,252
diabetic individuals since 1 December 1992. The data include
all patients treated for diabetic retinopathy from a well-defined
population of approximately 650,000 citizens (from 1 January
1992 to 31 December 2006), which was subsequently extend-
ed to approximately 900,000 citizens as part of an

administrative reform of the Danish healthcare system [10].
Diabetic individuals were followed according to national
diabetic retinopathy screening guidelines. This meant that
those with type 1 diabetes, and those with type 2 diabetes
where the general practitioner requested specialised endocri-
nological monitoring, were screened in a secondary care facil-
ity in the ophthalmology department. Otherwise, individuals
were screened by private practice ophthalmologists.

The department’s routine examination programme has
been described previously [11-13] and includes interviewing
patients about the age of onset and the type of pharmacolog-
ical treatment of diabetes, measurement of best-corrected
visual acuity and BP (from 1 December 1999). HbA . values
were collected from the regional laboratory database (from 1
January 1992), except for those of individuals with known
haemolytic disease, dehydration or other conditions known
to affect the measurement. Information about deaths was
obtained from the national death register and all data were
entered prospectively into a structured patient record that
allowed the extraction of data for quality assessment.

The following patients in the database were excluded from
the study: 23 with questionable diabetes, 69 with gestational
diabetes, 51 with diabetes secondary to pancreatic disease or
steroid medication and 28 with known hereditary diabetes.
Among the remaining 18,081 patients, 477 were being follow-
ed outside the region for a part of the diabetes duration, and 98
had an unknown time of onset of diabetes, which resulted in
the inclusion of 17,506 patients in the study: 10,051 men and
7455 women. Type 1 diabetes had been registered in 4510
patients who had insulin-requiring diabetes with onset before
the age of 30 years, or diabetes with onset between the ages of
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30 and 40 years in whom insulin treatment was required with-
in the first year of onset. The remaining 12,996 patients had
been registered with type 2 diabetes. The included patients
had been examined a total of 78,771 times and had been
followed for 5.53 £6.92 years (mean+SD, range 0-
27.1 years); during the period, 6466 (36.9%) patients had
died.

Treatment All patients were referred to the ophthalmology
department for specialist evaluation if a sight-threatening
complication was suspected; when a complication was veri-
fied by a retina specialist, treatment was carried out in the
department. During the 25 year period from 1 July 1994 to 1
July 2019, 2773 patients had been diagnosed with and treated
for sight-threatening retinopathy for the first time in the first
eye. Among these, 1164 had first been treated for PDR,
defined as pre-retinal neovascularisations emerging from the
larger vascular arcades or the optic disk [13]. The treatment
consisted of pan-retinal photocoagulation delivered in a grid
pattern spread over at least three sessions, as described previ-
ously [14], which from 1 January 2018 was preceded by intra-
vitreal injection of anti-vascular endothelial growth factor
(VEGF) compound. The remaining 1609 patients had first
been treated for diabetic maculopathy with clinically signifi-
cant DME [15]. In those patients, photocoagulation was
applied in a grid pattern corresponding to the area with
retinopathy lesions but sparing the papillomacular bundle
and a zone of approximately 400 pm around the fovea
[16]. After 1 January 2017, patients with centre-involving
DME were treated with intravitreal injection of anti-VEGF
medication [10]. All treatments were initiated in the eye
with the most severe retinopathy; in patients whose retinop-
athy was considered to be of the same severity in the two
eyes, treatment was started in the right eye. Therefore,
treatment was started in 1640 right eyes and 1133 left eyes;
2573/2773 (93%) of these treatments were performed by
the author. There was no significant difference between
the diabetes durations at the time of treatment of patients
in the 25 individual years from which treatment data were
collected (one-way ANOVA, p >0.14).

Time-to-event The time-to-event was defined as the time from
the known onset of diabetes until the date between 1 July 1994
and 1 July 2019 when the patient received the first treatment in
the first eye for diabetic retinopathy, either for PDR (pan-
retinal photocoagulation, vitrectomy, treatment of neovascular
glaucoma, or preparation for such procedures by intravitreal
anti-VEGF injection) or for diabetic maculopathy with clini-
cally significant DME (macular photocoagulation, intravitreal
injection with anti-VEGF compound or steroid). In patients
who had died without receiving treatment (competing risk),
the event was set to the time of death, whereas the follow-up
times of the remaining patients were censored at 1 July 2019.
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Covariates Sex was included as a binary variable (men=1,
women = (). Continuous variables were the known time of
onset of diabetes, in years, after 1 January 1960 (mean+SD,
37.2+12.46; n=17,506) and the known age of onset of diabe-
tes (mean+SD, 45.3 +20.1; n=17,506). HbA,. values were
used to calculate the weighted mean of this variable for each
individual patient during the time-to-event (or censoring),
which was expected to reflect the total exposure to the variable
over time better than a single value. Values obtained before 1
January 2008 had been recorded in per cent (weight/weight)
and were converted to mmol/mol to become comparable with
subsequently obtained values. A transition period of 3 months
during which values had been obtained in both units ensured
the validity of the conversion, and the normal value was set to
42 mmol/mol (6.0%). This resulted in altogether 482,105
HbA,. values from 16,352 patients from 1 June 1992. The
weighted HbA ;. (WHDbA ) was calculated as follows: the total
time of observation for HbA . was defined to start 90 days
before the first HbA ;. measurement and to last until the time
of event (treatment, death or 1 July 2019). Subsequently, each
HbA,. value was weighted according to the time from the
previous measurement, except for the first measurement, which
was weighted from the beginning of the observation period, and
the last measurement, where the time of the weight was extend-
ed to the end of the observation period. The CV of the recorded
HbA . values was calculated from 15,870 patients where more
than one HbA ;. value was available. On the basis 0f 42,301 BP
measurements from 13,383 patients, the weighted DBP and
SBP were calculated using the same procedure as used for
calculating the wHbA .. The background characteristics of
patients with the two complications are shown in Table 1.
The study was approved by the regional ethics committee,
the Danish Patient Safety Authority and the Danish Data
Protection Agency (application no. 2015-57-0002).

Statistical analysis All analyses were performed in Stata,
version 14.2 (StataCorp LP, USA), using survival analysis,
with the development of either PDR or DME in the first eye
as the event and with death as a competing risk, and so that
competing events resulted in right censoring of data. Visual
acuities were log; o-transformed before the calculation of mean
values and Cls, and these parameters were subsequently anti-
log;o-transformed for presentation.

For the binary variable, sex, the dataset was stratified into
the two outcomes, PDR and DME, and for each of the contin-
uous variables the dataset was stratified into intervals, i.e. time
of onset of diabetes between 1 January of the years:
(—0,1998][, [1998,2003[, [2003, ), known age at onset of
diabetes (years): [0,15[, [15,30[, [30,45[, [45,60][, [60, ),
wHDbA |, (mmol/mol): ([0,40[, [40,70[, [70,100[, [100, ),
the square root of the CV of wHbA,.: [0,3[, [3,5[, [5,7[,
[7.9[, [9, ) DBP (mmHg): [0,60[, [60,80[, [80,100[, [100,
o) SBP (mmHg): [0,120[, [120,140[, [140,160[, [160, ).
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Table 1

Background characteristics at the time of treatment of patients with PDR and diabetic maculopathy with clinically significant DME

Risk factors

PDR DME

Non-modifiable risk factors
Sex, male/female, ratio (1)
Diabetes type, type 1/type 2, ratio (1)
Insulin medication, yes/no, ratio (1)
Eye of first treatment, right/left, ratio (n)
Known age of onset of diabetes, in years, mean+SD (n)
Known diabetes duration at first treatment, in years, mean+SD (n)
Modifiable risk factors
wHDA |, mean+SD (n)
mmol/mol
%
CV of HbA ., mean+SD (n)
wSBP in mmHg, mean+SD (n)
wDBP in mmHg, mean+SD (1)
Visual function
Visual acuity, mean [95% CI] (n)

707/457, 1.55 (1164)
567/597, 0.95 (1164)
961/203, 4.73 (1164)
671/493, 1.36 (1164)
32.1419.7 (1.164)
19.8+11.6 (1164)

967/642, 1.51 (1609)
249/1360, 0.18 (1609)
1098/511, 2.15 (1609)
966/643, 1.50 (1609)
46.9+16.0 (1609)
14.1+9.7 (1609)

77.0+19.3 (839) 71.0+17.4 (1290)

92439 8.6+3.5
18.1+16.1 (780) 20.4+15.4 (1245)
142.5+22.3 (519) 148.6+22.7 (1149)
82.0+12.0 (519) 83.1+11.6 (1149)

0.50 [0.47, 0.53] (1511) 0.51[0.49, 0.53] (925)

wDBP, weighted DBP; wSBP, weighted SBP

For each variable, the Aalen—Johansen estimator applicable
for survival data with competing risks was calculated to
describe the cumulative incidence for each of the defined stra-
ta. The cumulative incidence described the percentage of
patients who had acquired sight-threatening retinopathy
among those who were alive at each diabetes duration. The
model assumes that each patient is assigned to one of three
alternatives of right censoring, i.e. death, alive with treatment
endpoint or alive without treatment endpoint. As log-minus-
log plots indicated that the hazards among the different strata
were not proportional, the influence of the different strata was
compared using the pseudo-values method, which is a gener-
alised linear model that should be computed for different
survival rate times, performed here at 10, 20, 30 and 40 years
[17].

For each variable it was noted whether each of the different
strata contributed significantly to the variation of the variable,
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Fig. 1 Overall cumulative risk of developing (a) PDR and (b) DME, as
a function of known diabetes duration (n=17,506). The dashed lines
delimit the 95% Cls
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umulative incidence DME (%) &
o

and the y? test was used to test whether the contributions of
the defined strata, together and pairwise, differed
significantly.

Results

Figure 1 shows the overall cumulative incidence of first devel-
oping either PDR or diabetic maculopathy with clinically
significant DME, as a function of diabetes duration in the
studied population. It appears that for both complications the
cumulative incidence was approximately 15% after 60 years

0 10 20 30 40 50 60
Known diabetes duration (years)

0 10 20 30 40 50 60
Known diabetes duration (years)

Cumulative incidence PDR (%) QO
Cumulative incidence DME (%) T

s >100 mmol/mol

= == 70-100 mmol/mol

=== 40-70 mmol/mol

------ <40 mmol/mol
Fig. 2  Cumulative risk of developing (a) PDR and (b) DME, as a
function of known diabetes duration, for patients stratified according to
the weighted exposure to HbA;. (>100 mmol/mol, n=328; 70—
100 mmol/mol, n=3723; 40-70 mmol/mol, n=11,728; <40 mmol/
mol, n=572)
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Fig. 3 Cumulative risk of developing (a) PDR and (b) DME, as a
function of known diabetes duration, for patients stratified according to
the weighted exposure to DBP (>100 mmHg, n =314; 80-100 mmHg,
n=>5958; 60-80 mmHg, n=6187; <60 mmHg, n=576)

of known diabetes duration. The stratification according to
time of onset of diabetes showed that the cumulative incidence
of the two sight-threatening complications decreased with
later year of onset of diabetes when diabetes duration was
>10 years (p <0.03), and the stratification according to sex
showed that the cumulative incidence of both PDR and
DME was significantly higher for men than for women
(p <0.004 for all the studied diabetes durations; not shown).
The cumulative incidence of both PDR and DME was
lowest in patients with wHbA in the interval 40—70 mmol/
mol (5.8-11.3%) (Fig. 2). The cumulative incidence of both
complications at diabetes durations of 20, 30 and 40 years
increased significantly with increasing wHbA . (p <0.04 for
all comparisons), but the cumulative incidence of PDR was
also significantly higher in patients with lower wHbA | values
(p <0.013). Further stratification of wHbA |, in intervals of
10 mmol/mol showed that wHbA . values between 30 and
40 mmol/mol (4.9% and 5.8%) were accompanied with the
lowest cumulative incidence of both PDR and DME. The
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Fig. 4  Cumulative risk of developing (a) PDR and (b) DME, as a
function of known diabetes duration, for patients stratified according to
the weighted exposure to SBP (>160 mmHg, » =2010, 140-160 mmHg,
n=>5162; 120-140 mmHg, n =3966; <120 mmHg, n = 1897)
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Fig. 5 Cumulative risk of developing (a) PDR and (b) DME, as a
function of known diabetes duration, for patients stratified according to
the known age of onset of diabetes (0—15 years, n=1995; 15-30 years,
n=2247; 30-45 years, n =3299; 45-60 years, n=5411; >60 years, n =
4554)

cumulative incidence of PDR and DME also increased with
increasing CV of HbA . (»p <0.0001 for all comparisons; not
shown).

Figure 3 shows that the cumulative incidence of both PDR
and DME increased with increasing DBP (p <0.0001 for all
diabetes durations in all four strata). For diabetes durations
>10 years the cumulative incidence of PDR was not signifi-
cantly different among the two strata with the lowest and
among the two strata with the highest DBP (p>0.11 for all
pairwise comparisons), suggesting a threshold value for the
risk induced by the DBP of about 80 mmHg.

For diabetes durations >10 years the cumulative incidence
of PDR was independent of the SBP (p > 0.08 for all compar-
isons) (Fig. 4). However, the cumulative incidence of DME
increased significantly with increasing SBP (p < 0.0001 for all
comparisons), reaching 23% for SBP >160 mmHg.

The cumulative incidence of PDR was maximal for
patients with the earliest onset of diabetes and decreased with
increasing age of onset (p <0.0001 for diabetes durations
>20 years) (Fig. 5). However, the cumulative incidence of
DME was maximal for a known onset of diabetes between
30 and 45 years of age and decreased significantly for both
lower and higher ages of onset (p < 0.0001 for diabetes dura-
tions >20 years). For both complications, but especially for
DME, the initial rise in the cumulative incidence curves is
seen to be increasingly left-displaced with increasing age of
onset of diabetes. A further stratification of the dataset
narrowed the age of onset with maximum risk of DME being
between 30 and 35 years of age (not shown).

Discussion

The purpose of the study was to investigate whether systemic
risk factors may contribute differently to the development of
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either of the two sight-threatening complications PDR and
diabetic maculopathy with clinically significant DME. The
omission of retinopathy grade as a risk factor in the analysis
[18] prevented dependencies because the cumulative exposure
to this variable would be identical to the treatment endpoint.

In previous studies the inclusion of diabetes type as a risk
factor [12, 19] has been hampered by changes in the definition
of'this variable over time [9]. In the absence of measurements
of serum C-peptide and autoantibodies, diabetes type is
defined on the basis of a set of variables such as age of onset
of diabetes and mode and time of onset of treatment [20]. This
might potentially have masked effects of interactions among
these variables. In addition, previous cohort studies have not
fully considered that correlations between risk factors and
disease progression may show bimodal effects and that the
risk of reaching an endpoint should correct for selection
because of death of the population over time.

The present study addresses these challenges by investigat-
ing the role of individual systemic risk factors for developing
PDR or DME using survival analysis with death as a competing
risk. The finding of a lower risk of developing sight-threatening
retinopathy with later year of onset of diabetes may be a result
of improvements in general diabetes care, whereas the lack of
significant change in the duration of diabetes at the time of first
treatment indicates that the natural history of diabetic retinopa-
thy and the practice patterns for diabetic individuals referred to
the eye department have not changed appreciably during the
period of data sampling [21]. At the design of the study, it was
planned to include the use of insulin as a covariate [22], but the
exact time of onset of insulin medication was unknown in a
large number of patients with late-onset diabetes. Therefore, the
effect of this factor could not be evaluated in the survival anal-
ysis. In addition, the calculation of the time-to-event was
hampered by the fact that the true onset of diabetes in older
patients might have been several years earlier than the reported
onset of the disease [23]. This may explain the observed left-
displacement of the cumulative incidence curves for increasing
age of onset of diabetes. However, a repeated analysis, after the
diabetes duration in those categorised as having type 2 diabetes
had been tentatively increased and the age of onset of diabetes
decreased by 7 years [24], yielded similar results, which argues
that an overestimation of the age of onset of diabetes in these
patients had not influenced the conclusions. The asymptotic
maxima of the cumulative incidence curves reflected the
proportion of patients in the studied population who would
eventually develop a sight-threatening complication. Since
the number of patients with uncomplicated diabetes who were
screened by privately practising ophthalmologists was
unknown, the proportion of those developing sight-
threatening retinopathy in the diabetes population as a whole
was lower but cannot be evaluated in detail.

The study extends previous findings that male sex is a risk
factor for developing PDR [25] and sight-threatening retinopathy

in general [12], by showing that male sex is also a risk factor for
the development of DME. The background for this sex differ-
ence has not been clarified, but the observation may be a conse-
quence of hormonal and psychosocial factors [26].

The study also confirmed that increasing HbA | concentra-
tions above normal are associated with an increasing risk of
progression of retinopathy resulting in both PDR and DME
[22, 27-30]. In some recent studies HbA . has not been found
to be a risk factor for the development of DME [31-33] or
PDR [34, 35]. However, in these studies conclusions were
based on single HbA . values obtained at the time of exami-
nation. These values did not reflect the metabolic regulation
beyond the preceding 3 months, and possible opposite effects
of low and high values were not considered by stratification of
the data. This was considered in the present study, where the
wHbA . reflected metabolic regulation during the entire
diabetes duration and was stratified to take into account the
higher risk of HbA . values below normal. A similar bimodal
relation has been shown for macrovascular complications,
where both lower and higher than normal HbA ;. values
increased mortality risk [36]. This may explain the lack of
observation of patients with long diabetes durations among
those with lower than normal HbA . in the present study.
The finding has been attributed to a reverse causality, where
low HbA . values are considered to be a consequence of other
systemic disease, but it cannot be excluded that actively
attempted tight metabolic control had increased the risk of
progression of retinopathy, as observed in the DCCT [30].
The observed wHbA . values below 40 mmol/mol (5.8%)
represented 8553 observations from 572 patients and had a
mean of 35.5 mmol/mol (5.4%) with a 95% CI of 35.0,
35.9 mmol/mol (5.36%, 5.45%). This amount of data under-
lines the empirical support for the conclusions, but the fact that
the increased risk induced by lower than normal HbA ;. values
contributed significantly to the development of PDR but not
DME requires further investigation. This supports the exis-
tence of a different risk pattern for the two complications.

The increasing risk of developing both PDR and DME with
increasing CV of HbA,, confirms previous studies, both in
extraocular organs [37] and in the eye [38], and underlines that
the development of diabetic late complications is accelerated
by an unstable metabolic environment [39].

The findings also confirm evidence that the risk of progres-
sion of retinopathy to PDR increases with increasing DBP but
is unaffected by SBP in individuals with early-onset diabetes
[40] and in those with type 1 diabetes [30], in whom PDR is
the most frequent sight-threatening complication. In addition,
the study confirms observations that an increase in both the
DBP and the SBP can increase the risk of progression of
diabetic retinopathy in individuals with late-onset diabetes
and in those with type 2 diabetes, in whom DME is the most
frequent sight-threatening complication [29, 41, 42]. This
concurs with the notion that DME is due to hyperpermeability
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facilitated by increased hydrostatic pressure in the retinal
capillaries [38, 43—45] which may be related to hyperfiltration
in the kidney [46]. The association between the cumulative
exposure to the BP and the development of sight-threatening
diabetic retinopathy argues for the use of BP-lowering medi-
cation to prevent progression of retinopathy [29]. The fact that
several intervention studies have failed to show such an effect
may be due to the slow progression of the disease [47, 48];
therefore, future intervention studies should address the long-
term cumulated exposure to the BP.

The observed latency between onset of diabetes during
childhood and the development of PDR may explain previous
observations of a lower 10 year incidence of PDR in people
with onset of diabetes before the age of 10 years compared
with onset between 10 and 29 years of age [49]. The increased
risk of developing PDR with earlier onset of diabetes is similar
to the risk of developing PDR after treatment for DME [10].
The finding suggests that the risk of developing PDR is
enhanced by metabolic disturbances in the growing organism,
potentially related to the activity of growth factors [S0]. By
contrast, the risk of developing DME was highest in patients
with an age of onset of diabetes between 30 and 45 years and
decreased with both increasing and decreasing age of onset. A
further stratification of the dataset narrowed the age of onset
with maximum risk being between 30 and 35 years of age (not
shown). Age of onset of diabetes at about 30 years has tradi-
tionally been used to define diabetes type [9] and was the
criterion for the dichotomous allocation of individuals to
groups with early- and late-onset diabetes in the Wisconsin
Epidemiologic Study of Diabetic Retinopathy [41, 42]. The
present findings argue that risk models for the development of
sight-threatening retinopathy should include the age of onset
of diabetes as a continuous variable where the risks of devel-
oping PDR and DME are calculated separately.

The present study used survival analysis and a large dataset
with a long follow-up time from a well-defined population to
study the effect of a number of systemic risk factors for the
development of sight-threatening retinopathy. The results
explain the general clinical experience that the incidence of
PDR in type 1 diabetic patients in whom the age of onset of
diabetes is by definition early in life increases from early
adulthood [25]. The increase in the number of people with
type 2 diabetes, among whom an increasing number experi-
ence onset of diabetes before the age of 30 years, has therefore
come to contribute significantly to the current incidence of
PDR [1]. Similarly, the increasing incidence of DME reflects
the increase in the incidence of type 2 diabetes, which usually
manifests in adulthood [1]. Finally, the results are concordant
with the experience that people with type 2 diabetes with onset
of diabetes late in life have a low risk of developing sight-
threatening diabetic retinopathy [51, 52].

Altogether, the study showed that systemic risk factors
such as metabolic regulation, arterial BP and the age of onset
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of diabetes contribute differently to the development of the
two late complications PDR and DME. This suggests that
the overall risk of developing sight-threatening diabetic reti-
nopathy should be assessed by adding the risks of developing
each of the two complications separately. Knowledge about
systemic risk factors should be integrated into risk models that
include retinopathy grade, that consider interactions among
risk factors and that are applicable at all stages in discase
development. The risk calculation might benefit from replac-
ing diabetes type with the individual parameters used to define
this variable.
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