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Abstract
Aims To investigate the relationships between age at diagnosis of diabetes, age at diabetic eye screening and severity of
diabetic retinopathy at first and subsequent screenings in children aged 12 or 13 years.
Methods Data were extracted from four English screening programmes and from the Scottish, Welsh and Northern
Irish programmes on all children with diabetes invited for their first and subsequent screening episodes from the age of
12 years. Retinopathy levels at first and subsequent screens, time from diagnosis of diabetes to first screening and age at
diagnosis in years were calculated.

Data were available for 2125 children with diabetes screened for the first time at age 12 or 13 years. In those
diagnosed with diabetes at 2 years of age or less, the proportion with retinopathy in one or both eyes was 20% and 11%,
respectively, decreasing to 8% and 2% in those diagnosed between 2 and 12 years (P < 0.0001). Only three children
(aged 8, 10 and 11 years at diagnosis of diabetes) had images graded with referable retinopathy and, of these, two had
non-referable diabetic retinopathy at all subsequent screenings. Of 1703 children with subsequent images, 25 were
graded with referable diabetic retinopathy over a mean follow-up of 3.1 years, an incidence rate of 4.7 (95% confidence
interval, 3.1–7.0) per 1000 per year.
Results

Conclusions In this large cohort of children, the low prevalence and incidence rates of referable diabetic retinopathy
suggest that screening earlier than age 12 is not necessary.

Diabet. Med. 33, 1655–1658 (2016)

Introduction
Screening for diabetic retinopathy is a highly cost-effective
health initiative and blindness caused by diabetes is lower in
populations where a diabetic eye screening programme is
established [1–3].
There is a global increase in the incidence of Type 1 diabetes
mellitus in children [4], particularly in those aged under
5 years [5]. Young children face long pre-pubertal years of
hyperglycaemia, with pre-pubertal, pubertal and post-pubertal years contributing [6,7] to an increased risk of development of microvascular complications of diabetic retinopathy.
In 2013–2014, it was reported [8] that there were 26 687
young persons under 25 with diabetes in England and Wales.
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Annual screening for diabetic retinopathy is recommended
in England, Scotland, Wales and Northern Ireland for all
those with diabetes aged 12 and above. This was a pragmatic
policy decision taken in 2002–2003 because the youngest
person reported with sight-threatening diabetic retinopathy
in the literature at that time was aged 11.3 years [9].
We report on the relationships between age at diagnosis of
diabetes, diabetic retinopathy levels at first screen at either 12
or 13 years of age, and time to development of sightthreatening diabetic retinopathy after first screen.

Methods
We recruited data for the Four Nations study [10] from seven
diabetic retinopathy screening programmes: the whole-nation
programmes in Wales, Scotland and Northern Ireland and four
local English programmes (Brighton, Derbyshire, Leeds and
Staffordshire). For the present study, one English programme
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What’s new?
• This is the largest reported study in the literature of
baseline levels of diabetic retinopathy in the age group
12 or 13 years.
• This is the largest reported study showing the rate of
progression of diabetic retinopathy in adolescents.
• Of 2125 children with diabetes screened for the first
time at age 12 or 13 years, three were found to have
referable disease.
• The absence of referable disease in subsequent screens
in two of the children and of pre-proliferative changes
in the third child suggest that it is unlikely that any
treatment is required.
was excluded because no data were available for age at
diagnosis of diabetes. Data for all children referred to the eye
screening programme, grading results at first screen, and age in
years at diagnosis of diabetes were extracted from the screening
programme databases. The inclusion criteria were all children
aged 12 and 13 years, who attended their first annual digital
photographic screening in the UK. There are very few exclusion
criteria, such as when a child is terminally ill.
In the English NHS Diabetic Eye Screening Programme all
images are allocated a retinopathy (R) grade and a maculopathy (M) grade on the basis of the absence, presence and
severity of features of diabetic retinopathy found during
quality-assured grading of the retinal images. A mapping
exercise was undertaken between the English, Scottish and
ETDRS Grading Criteria [10–12]. Referable or sightthreatening diabetic retinopathy was identified by the presence of features of moderate to severe non-proliferative,
proliferative diabetic retinopathy or maculopathy in at least
one eye. Children with images of either or both eyes that
could not be assessed were excluded from these analyses.
Time from diagnosis of diabetes to first screening and age at
diagnosis were calculated. Screening data from both eyes were
combined to provide four possible categories of children:
 no diabetic retinopathy (R1M0) in both eyes;
 mild non-proliferative diabetic retinopathy (R1M0) in one

eye;
 mild non-proliferative diabetic retinopathy (R1M0) in

both eyes;
 referable diabetic retinopathy (R2 or M1) or fast-track

proliferative diabetic retinopathy (R3) – the referable
diabetic retinopathy group including the fast-track proliferative diabetic retinopathy is referred to as sightthreatening diabetic retinopathy in this article.
For survival analyses of time to diabetic retinopathy in
children who had at least two retinal screenings, follow-up
was censored at the time of second screening. We estimated
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binomial confidence intervals for diabetic retinopathy incidence rates. Kaplan–Meier survival curves of time to diabetic
retinopathy were plotted, stratified by duration of diabetic
retinopathy at first screening. Cox proportional hazards
models estimated the hazard ratio for diabetic retinopathy in
children by duration of diabetes at first screening.

Results
In total, 2125 children received their first screening at the age
of 12 or 13 years. The results of the baseline screen of 2125
children at the age of 12 or 13 years are shown in Table 1.
This has been categorized according to the age of diagnosis
of diabetes. O the children diagnosed under the age of
2 years, 20.1% had signs of any retinopathy compared with
6.3% of those diagnosed at the age of 10 years.
Three children were reported as having referable retinopathy at first screening.
1. The first was diagnosed with diabetes at the age of 8 years
in 2000, first screened in November 2005 at age 13 years,
and approximately annually thereafter until 2012. Referable diabetic retinopathy was recorded at the first screening, followed by referable diabetic retinopathy in 2007,
2009, 2011 and 2012 with possible pre-proliferative
changes (R2), but mild non-proliferative diabetic retinopathy (NPDR) in both eyes in 2008.
2. The second was diagnosed with diabetes at the age of
10 years in 2004, and first screened in November 2007
and again in 2012. Referable retinopathy (maculopathy –
a blot haemorrhage or exudate < 1 disc diameter from the
foveal centre) was reported in 2007, but only mild NPDR
in one eye was found in 2012.
3. The third was diagnosed with diabetes at the age of 11 years
in 2005, and screened in 2006, 2009, 2010 and 2011. The
screening result in 2006 reported ‘proliferative retinopathy’
but subsequent screening reported no diabetic retinopathy
in 2009 and mild NPDR in one eye in 2010 and 2011.
Follow-up data were available for 1703 children who had
baseline gradable images and at least one subsequent set of
images. Of these 1703 children, the median age at diagnosis of
diabetes was 8 years with an interquartile range (IQR) of 5–
11 years; 52% of these children were male. At baseline, 1531
(89.9%) children were graded as having no retinopathy, 129
(7.6%) were graded as having mild NPDR in one eye and 43
(2.5%) were graded as having mild NPDR in both eyes.
Of the 1703 children with subsequent images, 16 had a valid
screening result at first screen that was not gradable at the
second screen but had at least one subsequent gradable image.
Of the 129 children with mild NPDR in one eye at first screen,
88 (68.2%) were graded as no diabetic retinopathy, 26
(20.2%) as mild NPDR in one eye and 15 (11.6%) as mild
NPDR in both eyes at the second screen. Of the 43 children
with mild NPDR in both eyes at first screen, 18 (41.9%) were
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Table 1 Results of the baseline screen at the age of 12 years or 13 years

Age at diagnosis
of diabetes

Number
(total = 2125)

Number and
proportion
with any diabetic
retinopathy
N/total (%)

2 or under
3
4
5
6
7
8
9
10
11
12

164
118
141
130
149
181
193
224
271
290
264

33/164
22/118
21/141
15/130
15/149
21/181
13/193
21/224
17/271
20/290
22/264

(20.1)
(18.6)
(14.9)
(11.5)
(10.1)
(11.6)
(6.7)
(9.4)
(6.3)
(6.9)
(8.3)

Number and proportion
with mild non-proliferative
diabetic retinopathy
in one eye
N/total (%)

Number and proportion
with mild non-proliferative
diabetic retinopathy
in both eyes
N/total (%)

Number and proportion
with fast track
or referable diabetic
retinopathy
N/total (%)

15/164
18/118
19/141
10/130
10 /149
17 /181
9/193
15 /224
14/271
12 /290
17/264

18/164
4/118
2/141
5/130
5 /149
4/181
3/193
6/224
2/271
7 /290
5/264

0/164
0/118
0/141
0 /130
0/149
0 /181
1/193*
0 /224
1/271*
1/290*
0/264

(9.1)
(15.3)
(13.5)
(7.7)
(6.7)
(9.4)
(4.7)
(6.7)
(5.2)
(4.1)
(6.4)

(11.0)
(3.4)
(1.4)
(3.8)
(3.4)
(2.2)
(1.6)
(2.7)
(0.7)
(2.4)
(1.9)

(0.0)
(0.0)
(0.0)
(0.0)
(0.0)
(0.0)
(0.5)
(0.0)
(0.4)
(0.3)
(0.0)

*Three children were reported as having referable retinopathy at first screening.

ratio of 1.36 per year [95% CI (95% CI), 1.20 to 1.53).
Figure S1 shows the time to referable retinopathy from
diagnosis of diabetes.

Conclusion

FIGURE 1 Time to sight-threatening diabetic retinopathy from baseline
screen at 12 or 13 years by age of diagnosis of diabetes. The lines
represent the age at which a child was diagnosed with diabetes. The
blue line represents children diagnosed with diabetes at 0,1,2,3 or 4
years. The red line represents children diagnosed with diabetes at 5, 6
or 7 years. The green line represents children diagnosed with diabetes
at 8, 9 or 10 years. The purple line represents children diagnosed with
diabetes at 11 or 12 years.

graded as no diabetic retinopathy, 12 (27.9%) as mild NPDR
in one eye and 13(30.3%) as mild NPDR both eyes at the
second screen (chi-squared for trend = 146, P < 0.0001).
During subsequent follow-up visits, 25 children were
graded as having sight-threatening or referable diabetic
retinopathy, three of whom were graded as having proliferative diabetic retinopathy. Figure 1 shows the time to sightthreatening diabetic retinopathy from baseline screen at 12 or
13 years by age of diagnosis of diabetes in these 25 children.
The median time from baseline to sight-threatening diabetic
retinopathy was 3.1 years with an IQR of 1.7–4.1 years.
The results of the Cox proportional hazards model analysis
show that those with longer duration of diabetes at baseline
screening episode at age 12 or 13 years were at higher risk of
progression to referable diabetic retinopathy with a hazard
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Since 2002, the UK National Screening Committee, the SIGN
Guideline [13] and the NICE guidelines [14,15] have recommended annual digital photographic screening for all children
over the age of 12 years and adults with diabetes, with
evidence from studies [16,17] demonstrating that one- and
two-field digital photographic screening could show sensitivities of > 85% against a reference standard of an ophthalmologists examination or seven-field stereo-photography.
Specificities of 85–95% were also achieved for mydriatic
photography [16,17] and for staged mydriasis [18].
The American Academy of Ophthalmology [19] recommends annual ophthalmic examinations beginning 3–5 years
after the diagnosis of Type 1 diabetes mellitus. The International Diabetes Federation/International Society for Pediatric
and Adolescent Diabetes guideline [20] recommends examination for diabetic retinopathy in Type 1 diabetes from age
11 years and after two years’ diabetes duration, and from
diagnosis in Type 2 diabetes.
This study provides original evidence supporting the UK
recommendations. It found that, although 10% of children
have some retinopathy at baseline screening at the age of
12–13 years, only three children (0.17%) were graded as
having sight-threatening diabetic retinopathy. Of the three
we identified, it seems likely that none required treatment
because only one case was consistently diagnosed as sightthreatening and this was pre-proliferative diabetic retinopathy which does not normally require laser treatment. In those
diagnosed with diabetes in early childhood, the rate of
retinopathy was significantly higher than for those diagnosed
later on. The low prevalence and incidence rates in this large
cohort of children suggest that earlier screening for sight-
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threatening diabetic retinopathy is not necessary in this age
group. There may be value in detecting diabetic retinopathy
at a mild stage, but only if it could be shown that closer
follow-up in this at-risk group could reduce the progression
rate and the development of complications in these children.

Retinopathy at first screen at 12 and 13 years  P. H. Scanlon et al.

9

10

Funding sources

Funding was received from the NHS Diabetic Eye Screening
Programme & Scottish Diabetes Retinal Screening Programme.
Competing interests

11

12

None declared.
Acknowledgements

We are very grateful to individuals and Departments of
Health in all Four Nations for working collaboratively on
this project, in particular the screening programme staff
from Wales, Scotland and Northern Ireland and four local
English programmes (Brighton, Derbyshire, Leeds and
Staffordshire).

13

14

Author contributors

PS wrote the first draft and IS conducted the analyses. GL,
MB, ML, CJ and BF all commented on the drafts of the
paper. Prof. Peter Scanlon is the guarantor of this work and,
as such, had full access to all the data in the study and takes
responsibility for the integrity of the data and the accuracy of
the data analysis.

References
1 Stefansson E, Bek T, Porta M, Larsen N, Kristinsson JK, Agardh E.
Screening and prevention of diabetic blindness. Acta Ophthalmol
Scand 2000; 78: 374–385.
2 Liew G, Michaelides M, Bunce C. A comparison of the causes of
blindness certifications in England and Wales in working age adults
(16–64 years), 1999–2000 with 2009–2010. BMJ Open 2014; 4:
e004015.
3 Backlund LB, Algvere PV, Rosenqvist U. New blindness in diabetes
reduced by more than one-third in Stockholm County. Diabet Med
1997; 14: 732–740.
4 Karvonen M, Viik-Kajander M, Moltchanova E, Libman I, LaPorte
R, Tuomilehto J. Incidence of childhood type 1 diabetes worldwide. Diabetes Mondiale (DiaMond) Project Group. Diabetes Care
2000; 23: 1516–1526.
5 EURODIAB. Variation and trends in incidence of childhood
diabetes in Europe. The Lancet 2000; 355: 873–876.
6 Donaghue KC, Fairchild JM, Craig ME, Chan AK, Hing S, Cutler LR
et al. Do all prepubertal years of diabetes duration contribute equally
to diabetes complications? Diabetes Care 2003; 26: 1224–1229.
7 Ferris F. Early photocoagulation in patients with either type I
or type II diabetes. Trans Am Ophthalmol Soc 1996; 94: 505–537.
8 Royal College of Paediatrics and Child Health (RCPCH). The
2013–14 National Paediatric Diabetes Audit 2015. 1–66. Available
at https://www.diabetes.org.uk/Global/Homepage/News/FINAL%

1658

15

16

17

18

19

20

20NPDA%20Report%202014%20FOR%20WEB.pdf Last accessed
1 October 2014.
Kernell A, Dedorsson I, Johansson B, Wickstrom CP, Ludvigsson J,
Tuvemo T et al. Prevalence of diabetic retinopathy in children and
adolescents with IDDM. A population-based multicentre study.
Diabetologia 1997; 40: 307–310.
Leese GP, Stratton IM, Land M, Bachmann MO, Jones C, Scanlon
P et al. Progression of diabetes retinal status within community
screening programs and potential implications for screening intervals. Diabetes Care 2015; 38: 488–494.
Scanlon PH, Stratton IM, Leese GP, Bachmann MO, Land M,
Jones C et al. Screening attendance, age group and diabetic retinopathy level at first screen. Diabet Med 2016; 33:
904–11.
Early Treatment Diabetic Retinopathy Study Research Group
(ETDRS). Grading diabetic retinopathy from stereoscopic color
fundus photographs–an extension of the modified Airlie House
classification. ETDRS report number 10. Early Treatment Diabetic
Retinopathy Study Research Group. Ophthalmology 1991; 98
(Suppl. 5): 786–806.
Scottish Intercollegiate Guidelines Network (SIGN). Management
of diabetes. A national clinical guideline. Key to Evidence
Statements and Grades of Recommendation. 2010. Available at
http://www.sign.ac.uk/pdf/sign116.pdf Last accessed 28 October
2014.
National Institute for Health and Care Excellence (NICE). Diabetes
in children and young people: diagnosis and management of type 1
and type 2 diabetes in children and young people. Available at
https://www.nice.org.uk/Guidance/InDevelopment/gid-cgwaver118
Last accessed 1 October 2014.
National Collaborating Centre for Chronic Conditions (UK). Type
2 Diabetes: National Clinical Guideline for Management in
Primary and Secondary Care (Update). NICE Guidelines No. 66.
London: Royal College of Physicians. Available at http://www.ni
ce.org.uk/guidance/cg66/resources/cg66-type-2-diabetes-full-guide
line2 Last accessed 28 October 2014.
Scanlon PH, Malhotra R, Thomas G, Foy C, Kirkpatrick JN,
Lewis-Barned N et al. The effectiveness of screening for diabetic
retinopathy by digital imaging photography and technician ophthalmoscopy. Diabet Med 2003; 20: 467–474.
Scanlon PH, Malhotra R, Greenwood RH, Aldington SJ, Foy C,
Flatman M et al. Comparison of two reference standards in validating
two field mydriatic digital photography as a method of screening for
diabetic retinopathy. Br J Ophthalmol 2003; 87: 1258–1263.
Murgatroyd H, Ellingford A, Cox A, Binnie M, Ellis JD, MacEwen
CJ et al. Effect of mydriasis and different field strategies on digital
image screening of diabetic eye disease. Br J Ophthalmol 2004; 88:
920–924.
American Academy of Ophthalmology Retina Panel. Preferred
Practice Pattern Guidelines. Diabetic Retinopathy. San Francisco:
American Academy of Ophthalmology, 2012.
International Diabetes Federation/International Society for
Pediatric and Adolescent Diabetes (IDF/ISPAD). Global IDF/
ISPAD Guideline for Diabetesin Childhood and Adolescence.
Available at http://www.idf.org/sites/default/files/Diabetes-inChildhood-and-Adolescence-Guidelines.pdf Last accessed 8 May
2016.

Supporting Information
Additional Supporting Information may be found in the
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Figure S1. Time to referable retinopathy from diagnosis of
diabetes. DR, diabetic retinopathy.

ª 2016 The Authors.
Diabetic Medicine published by John Wiley & Sons Ltd on behalf of Diabetes UK.

