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Abstract

To examine the prevalence and incidence of diabetic eye disease (DED) among individuals with diabetes in Europe, a system-
atic review to identify all published European prevalence and incidence studies of DED in individuals with diabetes managed
in primary health care was performed according to the MOOSE and PRISMA guidelines. The databases Medline, Embase
and Web of Science were searched to 2 September 2017. Meta-analyses and meta-regressions were performed. The pooled
prevalence estimates were applied to diabetes prevalence rates provided by the International Diabetes Foundation atlas and
Eurostat population data, and extrapolated to the year 2050. Data of 35 prevalence and four incidence studies were meta-
analyzed. Any diabetic retinopathy (DR) and diabetic macular edema (DME) were prevalent in 25.7% (95% CI 22.8-28.8%)
and 3.7% (95% CI 2.2-6.2%), respectively. In meta-regression, the prevalence of DR in persons with type 1 diabetes was
significantly higher compared to persons with type 2 diabetes (54.4% vs. 25.0%). The pooled mean annual incidence of any
DR and DME in in persons with type 2 diabetes was 4.6% (95% CI 2.3-8.8%) and 0.4% (95% CI 0.5-1.4%), respectively.
We estimated that persons with diabetes affected by any DED in Europe will increase from 6.4 million today to 8.6 million
in 2050, of whom 30% require close monitoring and/or treatment. DED is estimated to be present in more than a quarter
of persons with type 2 diabetes and half of persons with type 1 diabetes underlining the importance of regular monitoring.
Future health services need to be planned accordingly.
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Introduction
Parts of this article were presented at the 36th Congress of the . . . . . . .
ESCRS, Vienna, Austria, 22 September 2018, the 118th annual Diabetic eye disease (DED), comprising diabetic retinopathy
meeting of the Deutsche Ophthalmologische Gesellschaft, Bonn, (DR) and diabetic macular edema (DME), is the leading
Germany, 27 September 2018, and the 181st annual meeting of the cause of visual impairment (VI) and blindness in Europe-

Rheinisch-Westfdlische Augendrze e.V. ans of working age [1, 2]. The World Health Organization

Electronic supplementary material The online version of this (WHO) has classified diabetic retinopathy as a priority eye
article (https://doi.org/10.1007/s10654-019-00560-z) contains diseases due to an increasing global prevalence. The risk of
supplementary material, which is available to authorized users. DED has been shown to be related to glycemic control, pres-
ence of arterial hypertension, and disease duration as well as
the type of diabetes with a higher risk in type 1 diabetes [3].

DED affects almost 80% of persons with type 2 dia-
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people with early stages remain asymptomatic, which is why
in most European countries screening for DED in persons
with diabetes is strongly recommended as outlined in current
national and international guidelines [5].

The Meta-analysis for Eye Disease (META-EYE) study
group has provided pooled global data on the prevalence
and major risk factors of DR [3] and reported a prevalence
of 34.6% for any DR in the global diabetic population. To
day, we lack data on DME as well as regional data, which are
needed as prevalence and incidence of diabetes and available
diabetes care differ widely between continents and countries.
Already today, diabetes and its complications are a major
healthcare burden in Europe with diabetes healthcare expen-
ditures second highest globally after North America [6]. In
addition, Europe has the highest incidence of type 1 diabetes
and European countries experience more pronounced popu-
lation ageing compared to other parts of the world. Faced
with continuously increasing diabetes prevalence, we need
solid European data and future projections to plan health
services according to need in Europe. Therefore, we per-
formed a systematic literature review, meta-analysis and
meta-regressions, as well as projections of the prevalence
and incidence of DED in Europe.

Methods
Literature search and study selection

Following the international guideline for systematic litera-
ture searches and meta-analysis of observational studies in
epidemiology (MOOSE) and the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) [7,
8], we performed a systematic literature review, following a
systematic review protocol, to identify all relevant publica-
tions on the prevalence and incidence of DED in Europe.

The databases Medline (through PubMed), Embase and
Web of Science (WoS) were searched for European studies
published in the last 20 years starting from January 1st 1996.
The search query formatted for PubMed is presented in the
Online Resource 1. The primary search was performed on
August 1, 2016, and was repeated on September 2, 2017,
to identify more recent publications. Reference lists of
identified articles were hand searched for further relevant
literature.

Inclusion and exclusion criteria

We included published population-based observational
studies from Europe reporting prevalence or incidence of
DR and/or DME. Cohort studies of diabetic persons and
incident case—control studies were eligible for inclusion,
if derived from primary healthcare. For incidence data,
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longitudinal studies reporting the incidence of any DED in
a defined observation period of individuals with no evidence
of DED at the initial screening were included. In case of
multiple reports from the same cohort, we included data
from the most recent publication. Studies based on retinal
photographs as well as on clinical examination using dilated
funduscopy were included. Case series, hospital-based stud-
ies, interventional studies, or studies relying on participant-
reported diagnoses of DED were excluded. To minimize
language bias, we did not exclude non-English publications.
Data from non-English publications were extracted by native
(Spanish, German) and advanced (French) speakers.

Diabetes diagnoses in the included studies were mainly
provided by general practitioners (GP) or diabetes registries,
and confirmed through blood glucose or glycated hemo-
globin (HbA1c) measurements. To differentiate between
type 1 and type 2 diabetes, when GP based diagnoses were
absent, most studies used age (below or above 30 years of
age) or a combination of age and insulin or oral antidiabetic
therapy as defining criteria. All studies assessed DR accord-
ing to standardized protocols following the Early Treatment
Diabetic Retinopathy Study (ETDRS), the American Acad-
emy of Ophthalmology (AAO) International Clinical Dia-
betic Retinopathy Disease Severity Scale or the Retinopathy
Working Party Protocol [9-11]. Data were re-categorized
according to the international clinical diabetic retinopathy
severity scale: mild, moderate or severe non-proliferative
(NPDR) or proliferative DR (PDR). For diabetic macular
edema, definitions were heterogenous and unclear in some
studies. Thus, only clearly defined clinically significant
DME as defined by the ETDRS was included in the analysis
[10].

Data extraction

After initial database search, results were merged using the
reference management software Citavi (Version 5.3.1.0,
Swiss Academic Software GmbH, Widenswil, Switzerland)
[12]. Abstracts were examined and, if eligible, full texts
underwent further evaluation for eligibility by one reviewer
(JQL). A random sample of 5% (n=13) of all full-text
articles was reassessed for eligibility by a second reviewer
(CW). Any ambiguities or disagreements between reviewers
were resolved through discussion with the senior researcher
(RPF). Full-texts of potentially relevant publications were
retrieved. Authors were contacted where needed.

Data of studies meeting the inclusion criteria were
extracted into a data extraction form. Most studies reported
non-weighted prevalence and incidence data. Where both
weighted and non-weighted prevalence and incidence data
were reported, we used the non-weighted data to ensure con-
sistency and allow for comparison. Some studies reported
the number of non-gradable images, but did not exclude
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these from the prevalence estimation. These data were
adjusted by dividing the number of prevalent cases by the
number of graded images.

Risk of bias and quality assessment

To assess risk of bias and quality of primary studies or
systematic reviews identified from database searches, full-
texts of eligible publications were examined using a pre-
viously described checklist [13]. The checklist was based
on the principles of STROBE (Strengthening the Report-
ing of Observational Studies in Epidemiology for assess-
ing observational studies) for primary observational studies
and MOOSE [7, 14]. Risk of bias was categorized as low,
medium, or high risk. One reviewer (JQL) scored the quality
of included studies. Five percent (n=13) of full-texts were
screened by a second reviewer (CW) and discrepancies were
discussed. Agreement between the two reviewers was high
(Cohen’s kappa=0.80). Studies with high risk of bias were
excluded from further quantitative analysis after discussion
with the senior reviewer (RPF).

Data analysis

Meta-analysis and meta-regression of prevalence
and incidence data

For prevalence and incidence data, we performed a meta-
analysis and meta-regression. All analyses were performed
using the statistical software R (Version 3.4.0, R Founda-
tion for Statistical Computing, Vienna, Austria) with the
add-on package meta (Version 4.8-2) [15, 16]. After sys-
tematic review, prevalence estimates and mean annual
incidence rates from studies meeting the inclusion criteria
were extracted. Data for the multinational EUREYE study
were extracted from the META-EYE study, as original data
for DED were not published at the time of our literature
search [3]. Three studies reported DED prevalence for a
purely type 1 diabetes cohort. These were not included in
the meta-analysis of overall DED prevalence, but included
in the meta-regression analysis for diabetes type. Reported
cumulative incidences were converted to mean annual inci-
dences. Between-study heterogeneity was assessed with Hig-
gins’ and Thompson’s I?> measure and tested by Cochran’s
Q-test for heterogeneity [17, 18]. Random-effects models
were calculated and summaries of meta-analysis results are
presented in forest plots with exact binomial confidence
intervals. Further possible small-study effects were analysed
by funnel plots, with sample sized plotted on the y-axes,
and Peter’s Test. Peter’s Test was considered appropriate for
proportion studies because of less bias towards asymmetry
and better performance against other regression based asym-
metry tests. Univariate meta-regression was conducted to

examine the influence of sample characteristics such as years
of examination and country. Pooled subgroup estimates were
compared for heterogeneity using Cochran’s Q-test. Meta-
regression was performed for time-trends, region (northern,
western, eastern, and southern Europe defined by the United
Nations geoscheme for Europe [19]; northern compared to
southern Europe determined by the orientation to the 45th
parallel north), type of diabetes, reported mean HbAlc lev-
els, and mean duration since diagnosis of diabetes, and the
five most populous countries (Germany, France, the UK,
Italy, and Spain).

The prevalence of DED in regard to the underlying diabe-
tes type was examined. Some studies did not report results
seperately for type 1 and type 2 diabetes. We defined studies
which included more than 80% of persons with type 2 diabe-
tes but did not report results separately for type 1 and type 2
diabetes as type 2 diabetes studies, similarly to other meta-
analyses of diseases relating to diabetes [20, 21]. All studies
including only persons with type 1 diabetes were located in
northern Europe and excluded from the meta-analysis and
meta-regression of regions and examination year. Compa-
rable data for the incidence of DED could only be identified
for persons with type 2 diabetes. Due to lack of data, it was
not possible to perform a meta-regression of age.

EU estimates and future projection

Estimates of the number of persons currently affected by
DED in the European Union (EU) were calculated by multi-
plying our age-stratified random-effects prevalence estimates
with Eurostat population statistics and the diabetes preva-
lence rates sourced from the 8th edition of the International
Diabetes Foundation (IDF) Diabetes Atlas [6, 22] (Supple-
mentary Table 3). For our future projections, IDF national
diabetes prevalence rate estimates for 2017 and 2045 were
used and stratified in 10-year intervals, under the assump-
tion that diabetes prevalence will increase in a linear man-
ner. Random-effects pooled prevalence estimates were used
to predict prevalence of DED in the EU and the five most
populous countries. Assuming that incidence will remain
stable and that age—as a proxy for disease duration—is
the main factor affecting prevalence, projections until the
year 2050 were calculated by multiplying the age-stratified
pooled prevalence estimates with IDF diabetes prevalence
rates and Eurostat European population projections data in
the age-group over 40 years, which is in accordance with the
mean lower age limit of included studies [6, 23, 24].

Results

The systematic review process is presented in Fig. 1.
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Fig. 1 Flow-chart depicting the
systematic review process Identified records (n=2378)
- Medline (n=1031)
- Embase (n=890)
- WoS (n=457)
i »| Duplicates removed (n=295)
Records after duplicates
removed (n=2083) Records excluded after screening of
. R title/abstract (n = 1826)
+ >
Full-text articles assessed Additional full-text articles
for eligibility (n=257) - After manual screening of
reference lists (n=11)
- After repeated literature search in
< September 2017 (n=1)

»| Exclusion (n=225)
- Study design (n=109)
- Sample population (n=62)

A 4

- No prevalence/incidence reported
(n=24)

- High risk of bias (n=6)

- Study already included (n=9)

Studies included in
qualitative synthesis (n=44)
- Prevalence (n=40)

- Incidence (n=4)

- Review article (n=15)

Y

v Exclusion from meta-analysis

- Newly diagnosed DM (n=2)
Studies included in review

and quantitative synthesis

(meta-analysis) (n=42)

- Prevalence (n=35)
+ 3 type 1 diabetes
studies included in
meta-regression

- Incidence (n=4)
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Prevalence of DED in Europe

35 studies providing prevalence data on any DED were
included in the meta-analysis [3, 25-62]. The total num-
ber of European individuals examined was 205,743. The
majority of studies reported data from either diabetic cohorts
or screening programs. Details on included studies are pre-
sented in Table 1.

Any DR was prevalent in 25.7% (95% CI 22.8-28.8%)
of Europeans with diabetes type 1 and 2 (Table 2 and Sup-
plementary Figure 1). 18.5% (95% CI 15.9-21.4%) of per-
sons with diabetes were estimated to have mild or moderate
NPDR. Ophthalmic treatment due to advanced DED was
required in 2.2% and 3.7% of European persons with dia-
betes due to PDR and clinically significant DME, respec-
tively (Supplementary Figures 2 to 4). Several treatment
guidelines recommend severe NPDR to be treated as well
[63, 64]. Including severe NPDR, the prevalence of DED
stages requiring treatment increased to 7.9% (see Table 2).
In seven (n=14,158) out of 16 studies reporting prevalence
of DME (n=280,415), the definition of clinically significant
DME was used.

No significant asymmetry was found in the funnel plots
(see Supplementary Figures 7 to 10). However, the analy-
sis was dominated by two studies with a much larger sam-
ple size (see Supplementary Figure 1). We analyzed time
trends in the reported prevalence of any DR. Lowest pooled
prevalence of any DR was found in recent studies initiated
between 2002 and 2005, although the differences were not
significant. Ten non-English publications were included: one
in German, one in French and eight in Spanish. Mean age
across studies ranged from 40 to 81 years. A vast majority
of included studies were conducted in Spain and the UK.
We corrected the estimates by performing meta-regression
by region and country (Table 2). The majority of included
studies was performed in northern and southern Europe (14
studies each), followed by western Europe (5 studies), and
eastern Europe (1 study). The prevelance of any DR was
significantly higher in southern (25.8%, 95% CI 10.9-34.2%)
and northern Europe (29.6%, 95% CI 25.7-33.8%) compared
to western (18.3%, 95% CI22.3-29.7%) and eastern Europe
(20.1%, 95% CI 10.9-34.2%; p <0.01). A significant effect
was also seen in mild or moderate DR (southern Europe:
27.1%, 95% CI 22.2-32.8%; western Europe: 17.3%, 95%
CI 15.0-19.8%; p<0.01). No significant effects were seen
regarding severe NPDR, PDR and DME (Table 2). In the
meta-regression of northern compared to southern Europe,
no significant differences were found across all disease
stages. Reported prevalence of any DR among persons with
either type 1 or type 2 diabetes was significantly higher in
Italy (34.1%, 95% CI 22.4-48.1%), the UK (29.8%, 95%
CI 26.4-33.4%), and Spain (26.5%, 95% CI 23.8-29.3%)
compared to France (14.6%, 95% CI 11.4-18.5%, p<0.01).

The majority of studies included mainly or exclusively
persons with type 2 diabetes. All three type 1 diabetes stud-
ies were performed in northern Europe: one in Estonia and
two in Sweden [58-60]. Data were available for any DR,
mild and moderate NPDR, severe NPDR and PDR. Across
all diseases states, the estimated prevalences were higher
in type 1 diabetes and odds-ratios (OR) ranged from 3.2
to 6.0 compared to type 2 diabetes, which was significant
across all disease states except severe NPDR (Table 2).
Two studies reported a prevalence of DED in undiagnosed
DM: The Gutenberg Health Study (GHS) and the Diabetes
Audit and Research in Tayside Scotland study (DARTS)
[45, 65]. The reported prevalence of any DR ranged from
13% (95% CI 9.15-17.64%, sample size: 285) to 14.7%
(95% CI 12.5-16.9%, sample size: 295), with mostly mild
or moderate NPDR. These data were excluded from the
meta-analysis.

No significant effects were found in the meta-analysis of
mean HbAlc levels (p > 0.17) or mean duration since diag-
nosis (p>0.14).

Incidence of DED in Europe

Data from a total of 71,307 persons with type 2 diabetes
from two English and two Spanish studies were available for
meta-analysis of the incidence of DED [66—-69]. Of those,
all studies reported incidence of any DR and two studies
reported incidence of clinically significant DME [68, 69].
Three studies presented data on the incidence of sight threat-
ening DR (STDR) or referable DR (RDR) [46, 66, 68, 70].
RDR or STDR were defined as pre-proliferative or prolifera-
tive retinopathy and/or maculopathy requiring referral and/
or treatment. To allow for better consistency, we calculated
the mean annual incidence from reported cumulative inci-
dences. Details on included incidence studies are presented
in Table 1. The analysis was dominated by the large Dia-
betic Retinopathy Screening Service for Wales study with
49,763 examined individuals [66]. Our random-effects
pooled annual incidence of any DR, STDR and clinically
significant DME was 4.6% (95% CI 2.3-8.8%), 0.5% (95%
CI 0.2-0.8%), and 0.4% (95% CI 0.5-1.4%), respectively
(Supplementary Figures 1 to 4).

EU estimates and future projection

In the EU, 6.4 million individuals over the age of 40 are cur-
rently affected by any DED. The highest numbers of affected
persons are found in Germany and Italy with nearly one
million individuals each (Fig. 2). France had the lowest num-
ber of affected individuals with only an estimated 360,000
affected by any DED, due to a low reported prevalence. The
UK showed the second lowest number of affected individu-
als out of the five most populous countries, due to a low
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Table 2 Results of the meta-

- . Studies (n) Random-effects pooled prevalence (%), 95% CI
analysis and meta-regression
by country, region and type of Any DR Severe NPDR  PDR CSME
diabetes
Europe 35 25.7(22.8-28.8)  2.0(1.5-2.6) 2.2(1.7-2.8) 3.7 (2.2-6.2)
(%) 99 96 98 95
Region (United Nations geoscheme)
North 14 29.6 (25.7-33.8)* 1.2(0.5-2.6) 2.1 (1.1-3.9) 3.4 (1.7-6.8)
West 5 18.3 (14.0-23.6) - 0.8 (0.3-2.0) -
South 14 25.8(22.3-29.7) 24(1.6-34) 23(1.34.0) -
East 1 20.1 (10.9-34.2) 1.6 (0.9-2.8) 1.5 (0.2-10.2) 3.2(1.2-7.9)
2 (%) 98.7 93.8 98.5 94.4
Region
North 21 25.2 (21.9-28.7) 1.6 (1.0-2.4) 1.6 (1.1-2.5) 3.6 (1.4-8.8)
South 14 259 (21.9-10.4) 24 (1.7-3.6) 2.7(1.7-4.4) 3.1(0.9-10.5)
OR 1.0 (0.8-1.4) 1.5 (0.9-2.8) 1.7 (0.9-3.3) 0.9 (0.24.3)
% (%) 99.0 93.9 97.9 96.8
Diabetes type
Type 1 7 54.4 (45.5-63.1)* 5.1(1.6-153) 123(6.7-21.3)x 1
Type 2 35 25.0(22.2-28.00 2.3(1.6-3.2)  2.0(1.5-2.6) ¥
OR 3.6 (2.4-5.3)* 23(1.6-32) 6.9 (3.3-14.1)*
1 (%) 99.3 95.7 98.2
Country
Germany 2 21.0(16.7-26.0)  2.4(1.2-4.7)  2.3(1.0-5.3) 2.3 (0.6-8.4)
France 3 14.6 (11.4-18.5) 1.3 (0.6-2.6) 0.3 (0.1-0.8)* 1.3 (0.5-2.9)
UK 7 29.8 (26.4-33.4)* 0.5 (0.2-1.6) 1.8 (0.9-3.7) 5.2 (2.5-10.7)
Italy 1 34.1 (22.4-48.1)* 3.8(0.9-14.3) 4.6 (0.9-19.8) T
Spain 12 26.5(23.8-29.3)* 2.6(1.7-3.8)  2.8(1.7-4.5) 2.7 (1.6-4.6)
1 (%) 99.3 95.7 98.2 97.3

CSME clinically significant DME, OR odds ratio

*p<0.01

TInsufficient data

Data from 3 type 1 diabetes studies and 4 type 1 and type 2 studies reporting data separately for each type

reported national prevalence of diabetes (5.9%) and a rather
young population.

Based on the projected increase in prevalence of diabe-
tes, an increase of persons with type 1 and type 2 diabe-
tes with any DED of 34% (from 6.4 to 8.6 million people)
was projected until 2050 (Supplementary Table 2). A total
of 1.4 million will require close monitoring and treatment
due to severe NPDR (around 690 000) or PDR (around 740
000). Cases of clinically significant DME are estimated at
1.2 million.

Discussion

We found any DR and clinically significant DME to be prev-
alent in 25.7% and 3.7% of Europeans with diabetes, with
a mean annual incidence of 4.6% and 0.5%, respectively.
The total numbers of EU inhabitants with DED will likely

@ Springer

increase from 6.4 million persons today to 8.6 million in
2050.

The META-EYE study group reported 34.6% for any DR
and 7% for PDR in a global analysis. In this pooled estimate,
35 studies were included [3]. In the United States (US), prev-
alences as high as 40.3% for any DED and 8.2% for sight-
threatening diabetic retinopathy (STDR) were reported [71].
Recent studies reported a higher rate of required insulin-
treatment in the US compared to Europe [72]. This may
reflect a higher severity of diabetes in the US. In compari-
son, we found lower prevalence rates in European popula-
tions compared to both current global as well as US esti-
mates. This further highlights the need for European data.

Most of the included studies were carried out in Spain
or the UK. In the UK, a national screening programme has
been established and succeeded in reaching a broad pub-
lic, yielding a large amount of data. In Spain, patients with
diabetes are referred to community eye clinics. These cover
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a large geographical area and “population-based” data can
easily be obtained. The situation is more challenging e.g. in
France, Germany and Italy, as the majority of individuals are
screened by office-based ophthalmologists with no system-
atic screening programme in place. Prevalence estimates for
France were much lower than for all other countries which
might be due to participant selection in the published studies
[26]. Only one eastern European study was included. Thus,
our estimate for this European region should be interpreted
with caution.

We found a significantly higher prevalence of DED in
persons with type 1 diabetes, which is consistent with the
literature. In the META-EYE study, prevalence of any DR,
PDR and DME was higher in people with diabetes type 1
(RR: 2.7, 15.3 and 4.8). In another study from the US, the
prevalence of DR in young people with type 1 and type 2
diabetes was found to be 20.1% and 7.2%, respectively [73].
Contrary to the META-EYE study, we did not find a sig-
nificant decrease of the reported prevalence of DED. This

is most probably due to the exclusion of studies published
before 1996.

In most studies, DED was assessed clinically or by grad-
ing of colour fundus photographs (CFP). Additional diag-
nostic assessments commonly performed in clinical routine
such as fluorescein angiography (FA) and optical coher-
ence tomography (OCT) were used rarely or not at all in
the included studies. FA plays a key role in the evaluation
of the retinal vasculature, especially in the diagnosis of pro-
liferative DED. However, due to the invasive nature of this
imaging technique with intravenous injection of fluorescein
dye, FA was only performed in a minority of participants in
the included studies. Noninvasive OCT scans are commonly
used and strongly recommended in clinical practice for the
diagnosis and follow-up of DME patients [74]. Compared
to clinical or photographic assessment, even slight changes
in the central retina (subretinal or intraretinal fluid) may be
detected by OCT. Being a fairly recently introduced and
costly procedure, none of the included studies implemented
OCT. Thus, the prevalence estimates for PDR and DME in
our study may be an underestimate due to the absence of
OCT and rare use of FA. Additionally, due to a high hetero-
geneity regarding the definition of DME between the stud-
ies, only the clearly defined clinically significant DME was
included in our meta-analyses.

DED screening is essential in preventing vision loss asso-
ciated with diabetes. Among the five most populous coun-
tries in the EU, a systematic national screening program has
only been implemented in the UK. As showcased by the UK,
implementing national DED screening translates to decreas-
ing visual loss baused by DED but comes at a considerable
cost [75]. Whether telemedical approaches or the involve-
ment of non-ophthalmic medical personnel might be a solu-
tion is currently being assessed in a number of programmes
across different countries. Already today, the majority of
cases of blindness and severe visual impairment in Europe
is caused by retinal diseases such as AMD and DED [1, 2].
All of these diseases need to be managed by specialized
medical professionals and may require regular monitoring
as well as treatment which requires considerable healthcare
resources. With increasing prevalence of diabetes and thus
its complications including DED novel approaches to health-
care service delivery are warranted as healthcare ressources
are limited.

To our knowledge, this is the first study to provide pooled
European prevalence and incidence estimates based on
published data, as well as a projection into the future. Our
study was conducted according to current gold standards,
applied stringent quality criteria and included meta-anal-
ysis and meta-regression where possible. However, based
on the available published studies there are several limita-
tions. Reported prevalence rates of advanced diseases, such
as severe NPDR, PDR and clinically significant DME, as
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well as incidence rates were few and mostly based on rather
small numbers of cases. Due to a lack of published data,
only limited information was available on DED in type 1
diabetes and a more detailed analysis on rare diabetes types
was not possible. We could not assess risk factors such as
insulin requirement in persons with type 2 diabetes. Only
a limited number of studies reported mean HbAlc levels
or mean duration since diagnosis of diabetes. In our meta-
regression, no significant effects were identified which might
be due to lack of data, inconsistencies in obtaining these
data across studies and recall bias amongst other factors. As
we defined studies with mainly type 2 diabetes persons as
type 2 diabetes studies, prevalences of all stages of DED for
type 2 diabetes may be slightly inflated as persons with type
1 diabetes are more likely to develop DED. Heterogeneity
among studies was high mostly due to varying diagnostic
procedures and grading protocols being used. We addressed
this by re-categorising different stages using established and
commonly used DED classifications and assessing risk of
bias, excluding studies with a high risk of bias. In addi-
tion we used a random-effects model which provides more
reliable estimates in such instances [76]. Studies applied
heterogenous diagnostic criteria for diabetes. In most stud-
ies, the diagnosis was based on information provided by the
patient’s GP or existing diabetes registries, and/or blood
glucose and HbA1c measurements. A few studies relied
on self-reported diagnoses, but biochemical blood glucose
and/or HbAlc measurements were performed to confirm
the reported diagnosis [29]. Only one Italian study relied
on self-reported diagnoses of diabetes only [30]. This may
have influenced the reported prevalence of DED. However,
studies have shown that persons diagnosed with diabetes
are commonly aware of their diagnosis and self-reported
diabetes diagnoses were highly accurate [77, 78]. Regarding
incidence data, the observation period varied between 4 and
8 years, which we addressed by calculating the mean annual
incidence which might underestimate actual incidence as
cummulative incidences tend to rise with a longer time of
observation. Our estimates should be applied carefully to
European countries for which no data were available as the
actual situation may differ from countries which contributed
data. We applied our pooled prevalence estimate to a popula-
tion aged 40 years and older, which is in accordance with
the meta-analyzed studies. However, the very elderly are not
well represented in our data. As the risk of DED increases
with duration of the diabetes, we might have underestimated
the age-related increase as life expectancies increase and
thus life-time risk of both diabetes and its complications
increase. In the estimation of persons with DED requiring
therapy, an overlap of individuals with severe NPDR and
clinically significant DME, or PDR and clinically signifi-
cant DME is most likely. Nonetheless, according to current
treatment guidelines, treatment modalities differ for severe
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NPDR and PDR (improvement of metabolic control, panreti-
nal lasercoagulation) and clinically significant DME (intra-
vitreal injection of anti-VEGF or corticosteroids; central
laser treatment in certain cases) [74].

In conclusion, DED is present in a quarter of persons
with type 2 diabetes and half of persons with type 1 diabe-
tes, with a considerable proportion requiring very frequent
monitoring and/or treatment for their DED. Population age-
ing and increasing diabetes prevalence are likely to lead to
a 30% increase in affected Europeans under the modelled
assumptions stated in the methods. New models of deliver-
ing screening and treatment for DED need to be assessed to
cope with this. Future healthcare planning will need to take
this into account.
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