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Summary Vision-threatening diabetic retinopathy
can be prevented if it is diagnosed before becoming
too advanced. Since diabetic retinopathy has been re-
ported to occur only rarely before the end of pubertal
development, children and adolescents are seldom
included in screening programmes. We invited 780
children and adolescents with insulin-dependent dia-
betes mellitus diagnosed before the age of 15.0 years
(disease duration of < 12 years) and who were older
than 9.0 years at the time of examination from eight
regions of Sweden. Retinal examination was per-
formed with stereoscopic fundus photograph. The
photograph were rated according to a modified Airlie
House classification. The dropouts (223/780, 28.6%)
were significantly older and with a longer duration
of diabetes than the examined children (p < 0.001
and 0.001, respectively). Photographs from 557 pa-
tients aged (median [interquartile range]:14.6 [12.4–
17.0]) years and with a diabetes duration of 8.0 (5.5–
9.9) years were evaluated. Retinopathy was demon-
strated in 81 patients (14.5%):66 with background

retinopathy, 2 with microaneurysms and hard exu-
dates, 12 with preproliferative retinopathy, 1 with
proliferative retinopathy. Preproliferative retinopa-
thy was diagnosed in a 12.8-year-old girl in pubertal
stage 3 and an 11.8-year-old boy in pubertal stage 2,
and proliferative retinopathy was found in a 21.5-
year-old girl. Retinopathy was demonstrated in 6%
and 18 % of patients in pubertal stages 1 and 5, re-
spectively. The overall prevalence of retinopathy in
this population may even be higher since the drop-
outs were older and had a longer duration of diabetes.
Since background and preproliferative retinopathy
were found in children before puberty, we recom-
mend including children and adolescents in screening
programmes for diabetic retinopathy from the age of
10 years. [Diabetologia (1997) 40: 307–310]
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In most western countries, the leading cause of blind-
ness is diabetic retinopathy, although the prognosis
has improved considerably due to advances in laser
therapy and vitreoretinal surgery. Laser-photograph-
coagulation yields the best results if instituted before
retinopathy has advanced too far. Screening-pro-
grammes have been instituted in several countries
[1] aimed at early detection and close monitoring of
retinal changes.

When patients should enter such screening pro-
grammes has not been completely resolved. Duration
of diabetes is invariably reported to be the most im-
portant risk factor for retinopathy [2–6]. Almost
100% of patients with insulin-dependent diabetes
mellitus (IDDM) have signs of retinopathy 15 years
after diagnosis of diabetes. Diabetic microvascular
complications, such as retinopathy, have been re-
ported to be very infrequent before onset of puberty,
independent of prepubertal duration of diabetes [2–
6]; thus, it has been suggested that routine examina-
tions would be unnecessary before puberty.

This population-based study was undertaken to
determine the prevalence of retinopathy in children
and adolescents from the age of 9 years with onset of
IDDM before the age of 15.0 years and within
12 years after diagnosis of IDDM in relation to age,
duration and pubertal development.

Patients and methods

In eight different regions in Sweden, children and adolescents
with IDDM who were born after 1979 and who had been diag-
nosed before the age of 15.0 years and between 1 July 1977 and
31 December 1986 were invited to join the study. Since by the
time of this study all children with diabetes onset before the
age of 15.0 years were referred to a specific paediatric depart-
ment covering a specific geographic area of residence, this study
can be considered truly population based. Using the Swedish
childhood diabetes register, which is nationwide and covers all
incident diabetic cases since 1 July 1977 with onset before the
age of 15 years, it was possible to trace all cases initially re-
corded by the collaborating paediatric departments. The detec-
tion level of this register has been estimated at 99 % [7, 8]. Chil-
dren younger than 9 years of age were excluded because of tech-
nical difficulties in obtaining a satisfactory fundus photograph.
The study period was 1 November 1987 to 1 March 1989.

The 780 patients invited to take part in the study 611 ac-
cepted. Photographs from 557 patients were of acceptable
quality and could be evaluated. The total number of dropouts
were thus 223 of 780 invited patients (28.6 %). The patients
who did not join the study or who had fundus photographs of
unacceptable quality were significantly older and had a longer
duration of the diabetic disease (Table 1).

The photographs were taken stereoscopically at a camera
angle of 45–50 ° and covered three fields; optic disc in centre,
macula in centre and temporal macula. Three experienced
ophthalmologists (I.D., B.J. and C.P.W.) evaluated all the pho-
tographs with the aid of the Airlie House standard photo-
graphs: Nos. 1, 2B, 3, 4, 5, 6B, 7, 8B, 10A and 10C [9], indepen-
dently of each other and using a standardised protocol. The
grading system was the one used in the KROC study [10]. The

identity of the photographs was masked to the opthalmolo-
gists. The grading was used concomitantly for both eyes.

The protocol, the standard photographs and the grading
system were evaluated by nine experienced ophthalmologists
(including the three ophthalmologists participating in the pre-
sent study). They independently graded photographs from 54
patients with different stages of retinopathy. The identity of
the photographs were masked to the raters. The inter- and in-
tra-agreement results were evaluated with help of kappa-sta-
tistics [11].The kappa value for a photograph evaluated by the
same reader twice was 0.98 and for two co-trained raters was
0.90, i. e. almost perfect agreement. Weighted kappa [12] for
total agreement between three raters for microaneurysms and
the KROC-grading system was 0.66 (z = 6.0, p < 0.0001) and
0.40 (z = 4.44, p < 0.001), respectively.

The following clinical parameters were recorded at the time
of the eye examination: patients’ weight, height, dose of insulin
in IU/kg body weight, number of insulin doses per day, puber-
tal stage according to Tanner (Table 2), testicular volume and
age at menarche.

The study was approved by the ethics committee of the Fac-
ulty of Health Sciences, Linköping University and all local eth-
ics committees. All patients gave their informed consent.

Statistical analysis

Results were analysed using JMP software from SAS institute
Inc (Cary, N. C., USA). The Wilcoxon signed rank test and
Fisher’s exact test were used to calculate differences between
groups. Life table and Cox proportional hazard analysis were
used in order to analyse what factors influenced the survival
time without retinopathy [13].

Results

Signs of retinopathy were demonstrated in 81 of the
557 patients (14.5%, Table 2). Clinical characteristics
of patients with and without any signs of retinopathy
are shown in Table 2.

Retinopathy was diagnosed in 5 % (1/19, Fig. 1) of
the youngest patients between 8 and 10 years of age,
and in 71% (10/14) of the oldest patients aged be-
tween 23 and 25 years. The prevalence of retinopathy
increased from 4 % (2/45) in patients with less than
2 years’ duration of diabetes to 32% (9/29) with a di-
abetes duration between 10 and 12 years (Fig. 2).

Six percent of patients in pubertal stage 1 (4/66)
and 18% (41/224) of patients in pubertal stage 5
(p < 0.03) had retinopathy. Duration of diabetes was
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Table 1. Description of the patients with acceptable photo-
graphs and of the drop-outs

Acceptable photos
(557)

Drop-outs
(223)

p

Age (years) 14.6 (12.4–17.0) 18.2 (14.1–21.3) < 0.000

Duration of
diabetes (years) 5.4 (3.6–7.8) 8.0 (5.5–9.9) < 0.000

Female/male 279/278 98/125 NS

Subjects were considered to be drop outs when they had non-
evaluable photographs or did not attend the study



not significantly different in the patients with signs of
retinopathy in pubertal stage 1 compared to the post-
pubertal patients with retinopathy (3.6 [1.5–10.1]
years and 8.0 [6.4–9.5] years, respectively, p < 0.10).
Life table and Cox proportional hazard analysis
showed that neither age nor pubertal development
could significantly reduce the survival time when ret-
inopathy occurred (p < 0.11 and 0.89, respectively).

Patients with more advanced stages of retinopathy
(40–65) had a longer duration of diabetes (9.0 [8.0–
9.6] years) than those with less advanced stages (20–
30) (5.4 [3.5–7.8] years, p < 0.03) of retinopathy. The
youngest patient with level 20 was a 9.5-year-old girl
in pubertal stage 1 with a diabetes duration of
1.5 years. Level 40 was demonstrated in 11 patients.
Two of these 11 patients had not passed puberty; a
12.8-year-old girl in pubertal stage 3 and an 11.3-
year-old boy in pubertal stage 2. Their diabetes dura-
tions were respectively 8.8 and 6.9 years and prolifer-
ative retinopathy was found in one patient, a 21.5-
year-old girl with a diabetes duration of 9.5 years.

Discussion

In this population-based study, we have demonstrated
the prevalence of retinopathy to be 14.5% for any ret-
inopathy and 2.3% for proliferative and preprolifera-
tive retinopathy in children and adolescents.

The dropout rate was 28.6% of the total sample.
There may be a selection bias since the dropouts
were significantly older and had longer durations of
diabetes. The true prevalence may therefore be high-
er, since duration and age have invariably been
known to be predominant risk factors for retinopathy
in children and adolescents with IDDM [2–6].

Only infrequently have studies concerning preva-
lence of retinopathy in children and adolescents
been population based [5]. The majority of studies
have been performed on hospital-based populations
with a potential risk of selection bias [2–4, 6].

Klein et al. [5] demonstrated in a population-
based study that the prevalence of retinopathy was
less than 10% during the first 5 years after onset of
IDDM, in children younger than 13 years and adoles-
cents with onset of diabetes after the age of 13 years.
Between 5–10 years after diagnosis of IDDM the
prevalence of retinopathy increased to 70 % in the
older group, but in the younger group the prevalence
was unchanged, suggesting that children are at low
risk of retinopathy before the age of 13 and before
puberty. Kostraba et al. [14] reported that duration
of diabetes before puberty had no impact on later
development of retinopathy, but McNally et al.
[15] found that surviving without retinopathy was
significantly less common among patients with onset
of diabetes in the prepubertal period.

None of these groups had examined the pubertal
stages, having only approximated it to certain chrono-
logical ages. However, it is well-known that pubertal
development is dependent on nutritional status, sex,
hereditary factors and ethnicity [16]. Murphy et al.
[17] and Rogers et al. [18] demonstrated retinopathy
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Table 2. Characteristics of the study group

Retinopathy Yes
n = 81

No
n = 476

n p value

Sex (female, male) 47/34 232/244 557 0.1216
Age (years) 16.8 (13.6–20.3) 14.4 (12.2–16.8) 557 0.0000
Duration (years) 8.0 (6.0–9.4) 5.2 (3.4–7.3) 557 0.0000
Testis volume (ml) 20 (13–25) 15 (6.0–25) 230 0.1134
Menarche (no/yes) 17/30 106/124 277 0.21
Age at menarche (years) 13.0 (12.0–13.4) 13.3 (13.0–13.5) 277 0.0082
Insulin U/kg body weight 0.9 (0.8–1.1) 0.9 (0.8–1.1) 538 0.5997
Pubertal stage 1 4 62 66
Pubertal stage 2 7 66 73
Pubertal stage 3 8 51 59
Pubertal stage 4 12 77 89
Pubertal stage 5 42 183 225
Pubertal stage not known 8 37 45

Comparison between patients with and without retinopathy using Wilcoxon non-parametrical test, chi-square-test or Fisher’s exact
test
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Fig. 1. Age vs retinopathy X, patients not examined; n, pa-
tients without signs of retinopathy,T, patients with signs of re-
tinopathy



in the prepubertal period (stage 1) but the prevalence
was much higher in the postpubertal period (stage 5).
Murphy et al. [17] demonstrated that the adolescents
in Tanner stage 5 had significantly higher mean
HbA1 c. We also found a higher prevalence of retinop-
athy in pubertal stage 5 than in pubertal stage 1, but
not that pubertal development reduced the survival
time without retinopathy.

However, the difference between the prevalence
of retinopathy in pubertal stage 5 and in pubertal
stage 1 may in reality be even larger because of the
proportionally larger number of missing cases in
the older age group in our study. Still, it is not clear
whether the frequently observed increasing preva-
lence of retinopathy during puberty is due to in-
creasing duration, pubertal-caused compliance prob-
lems or hormonal changes leading to insulin resis-
tance [19].

Even if most of these early retinal changes found
in diabetic children do not need photocoagulation
therapy, it is important to diagnose retinopathy as
soon as possible after the first signs in order to inten-
sify treatment and normalise metabolic control, to
prevent and delay further development of retinopa-
thy [20]. Routine fundus photography is a fairly in-
expensive method and a simple examination proce-
dure in comparison with the extreme cost, in both
economic and psychosocial terms, of missing a few
very young diabetic children with retinopathy who
may progress to blindness unless detected and treated
in time. If a fundus-photograph examination is per-
formed every year from the age of 10 years, instead
of examinations every second year from the age of
15 years, it could prevent blindness in at least one pa-
tient with the cost-benefit for society of more than
200 000 pounds sterling. We therefore strongly advo-
cate screening programmes for retinopathy from the
age of 10 years.
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