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Markedly Decreasing Incidence of
Blindness in People With and
Without Diabetes in Southern
Germany

Diabetes Care 2018,41:478-484 | https://doi.org/10.2337/dc17-2031

OBJECTIVE

Studies comparing the incidence of blindness in persons with and without diabetes
are scarce worldwide. In Germany, a decline in the incidence of blindness was found
during the 1990s. The aim of this study was to analyze the recent time trend.

RESEARCH DESIGN AND METHODS

Data were based on administrative files in southern Germany to assess recipients of
blindness allowance newly registered between 1 January 2008 and 31 December
2012. We estimated age- and sex-standardized incidence of blindness in people with
and people without diabetes and the corresponding relative risk. Poisson regression
was used to examine age- and sex-adjusted time trends.

RESULTS

We identified 1,897 new cases of blindness (23.7% of which were associated with
diabetes). We observed a strong decrease in incidence in both the population with
diabetes (2008, 17.3 per 100,000 person-years [95% Cl 13.6-21.1], and 2012, 8.9 per
100,000 person-years [6.3-11.6]: 16% decrease [10-22] per year) and that without
diabetes (2008, 9.3 per 100,000 person-years [8.3-10.3], and 2012, 6.6 [5.8-7.4]: 9%
decrease [5-13] per year). The relative risk comparing those incidences was 1.70
(95% Cl 1.32-2.16) and remained constant in the observation period. Regarding time
trend, we found similar results for both sexes.

CONCLUSIONS

We found a significant reduction in incidence of blindness in the populations with
and without diabetes, which was more prominent among individuals with diabetes
compared with the 1990s. Our findings may be explained by effective secondary
prevention therapies and improved ophthalmologic care beyond diabetic retinopa-
thy, particularly regarding macular degeneration, which means earlier detection and
earlier and better treatment.

Diabetes is a highly prevalent chronic disease with the global prevalence of 8.8% among
adults (20-79 years of age) in 2015 corresponding to 415 million people (1). Further-
more, diabetes can cause both macrovascular complications (stroke and peripheral and
coronary artery disease) and microvascular complications such as diabetic nephropa-
thy, neuropathy and retinopathy, which may lead to blindness. Thus, diabetes has been
shown to be one of the leading causes of blindness in Western countries in the working-
age population (2-5).
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The St. Vincent Declaration in Europe
(1989) aimed to improve diabetes treat-
ment and thus reduce the risk of diabetes-
related blindness by one-third in 5 years
(6). For analysis of any improvements, the
collection of data on diabetes-related
blindness was initiated at the beginning
of the 1990s. Furthermore, the national
German guidelines “Prevention and Ther-
apy of Retinal Complications in Diabetes”
aimed at an earlier detection of diabetic
retinopathy, appropriate treatment, and
the reduction of the incidence of blindness
(7). However, surveillance for blindness
among persons with diabetes has not
been conducted nationally, and population-
based data on incidence of blindness in
the population with compared with the
population without diabetes are scarce
worldwide.

In our previous study covering the pe-
riod 1990-1993 in two districts in Ger-
many (parts of Baden-Wirttemberg and
North Rhine-Westphalia), the incidence
of blindness was found to be ~60.6 per
100,000 person-years in people with di-
abetes and 11.6 in the population with-
out diabetes, resulting in a relative risk
(RR) of 5.2 (8). In a subsequent study con-
ducted in the same study area using data
from 1990 to 1998, it was shown that the
incidence of blindness decreased by 3%
per year in the population with diabetes
but remained constant among individuals
without diabetes (6). Incidence of blind-
ness was ascertained again in a study in
2008 covering neighboring parts of Baden-
Wirttemberg showing that the RR of
blindness between individuals with and
individuals without diabetes decreased
to the factor 2.4 (5). Approximately 59%
of the risk of becoming blind in people
with diabetes, and 9% of this risk in the
entire population, was attributable to di-
abetes. The incidences were significantly
lower compared with the earlier study in
both the population with and the popu-
lation without diabetes (8,9). The reduc-
tion of incidence in this study was more
pronounced in the population with dia-
betes, where a significant decline had al-
ready been found during the period
between 1990 and 1998 (9). However,
the investigation of time trend was lim-
ited, since the regions were not exactly
the same and we did not collect data be-
tween 1999 and 2007.

A significant decline in blindness inci-
dence due to diabetes over approximately
the same time span was also observed in

Poland and Scotland (10,11). However,
these studies did not adjust for age and
sex, and no comparison with the popula-
tion without diabetes was made. To the
best of our knowledge, no studies have
analyzed incidence of blindness in the
population with or the population without
diabetes except studies from Germany
(3,5,9).

The aim of this study was to estimate the
time trend of incidence rate (IR) of blind-
ness in people with and people without
diabetes in Germany and the correspond-
ing relative and attributable risk over a
5-year period in a more recent timeframe.
The study is part of a recent evaluation of
late complications of diabetes according to
the goals of the St. Vincent Declaration (6).

RESEARCH DESIGN AND METHODS

Database and Identification of Patients
We used the administrative files of the
welfare administration (35 rural and 10
urban districts in the federal state of
Baden-Wirttemberg, southern Germany)
to assess all individuals who were newly
registered as blindness allowance recipi-
ents between 1 January 2008 and 31
December 2012.

For our analysis, we included data from
22 of these 45 districts where a written
medical statement was available that docu-
mented all relevant diseases, including
diabetes. Of these 22 districts, we had to
exclude 1 owing to incomplete data. In to-
tal, 1,903 new blindness allowance recipi-
ents were registered, of whom 6 had to be
excluded owing to missing diabetes status.

Outcomes
A detailed description of the database
and the blindness allowance procedure
has previously been published (5). Briefly,
all recipients of the blindness allowance
were included who fulfilled the German
criteria for blindness (visual acuity of 0.02
or less, based on the best corrected acuity
in the better eye; visual field reduced to a
radius of 5° or less or equivalent reduc-
tion of vision caused by, for example, cen-
tral scotoma, making the person unable
to find his or her way; or morphological
correlates that explain the blindness) re-
gardless of their income. Applying this ap-
proach, which was used in earlier studies
(3-5,9), we therefore could expect an al-
most complete collection rate of newly
blind subjects.

Population data were obtained by the
Federal Office of Statistics (12). The total
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population in the study region as of 31 De-
cember 2010 was 4,823,570, which corre-
sponds to approximately half of the entire
population of Baden-Wirttemberg. The
population with diabetes was estimated
by applying the age- and sex-specific di-
abetes prevalence of the German Health
Update (GEDA) surveys of 2009, 2010,
and 2012 (13-15). With regard to the
year 2008, we assumed that the diabetes
prevalence was the same as in the year
2009, since the GEDA survey of 2009 had
already started in July 2008. Regarding
the year 2011, we used the arithmetic
mean of the estimates in 2010 and 2012.

Statistical Analysis

We performed the main analyses for the
entire population as well as separately for
men and women. We estimated the popu-
lation with diabetes in each stratum, de-
fined by sex and age (=30, 30-39, 40-49,
50-59, 60-69, 70-79, 80-89, and =90
years) by multiplying the study population
with the estimated age- and sex-specific
prevalence of diabetes. We calculated
stratum-specific and directly standardized
IRs of blindness with 95% Cls in the esti-
mated population with and population
without diabetes for each calendar year
using the German population of 2010 as
the standard population. Furthermore, we
estimated IR ratio (IRR) as well as attribut-
able risk of blindness comparing the popu-
lation with versus without diabetes from
the standardized IRs.

In order to examine time trends, we
first fitted Poisson regression models
with IR of blindness as the dependent
variable and year of blindness as linear
continuous difference from baseline
year 2008 as the independent variable.
These models were calculated separately
for individuals with and without diabetes
and were adjusted for age. The three low-
est age classes (i.e., =30, 30—39, and 40—
49 years) were combined into one group
(=50 years) because of convergence
problems of some models and were
therefore used as a reference group. Fur-
thermore, we performed analogous Pois-
son models for the entire population. In
these models, we additionally included a
variable presence of diabetes (“yes” vs.
“no”) as well as an interaction term for
diabetes and years since 2008.

All analyses were conducted with the
descale adjustment to take into account
overdispersion of the outcome variable,
which was based on cumulated data
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on the covariate strata year * sex * age
class * diabetes. We performed analysis
using the statistical analysis system SAS
(SAS for Windows 7, release 9.4 TSIM1;
SAS Institute, Cary, NC).

Ethics

The study was performed in accordance
with the Declaration of Helsinki for research
involving human subjects and the good
epidemiological practice guideline (16).

RESULTS

Study Population

In our study region, we identified 1,897
new registered blindness allowance re-
cipients in the years 2008-2012. The
age- and sex-frequency distributions are
shown in Table 1. Most of those with new
cases of blindness were female (62.5%)
and were >80 years of age (54.8%).
Among persons without diabetes, ~8%
were <30 years of age and 14% older
than 90 years of age. In contrast, none
were younger than 30 years of age among
individuals with diabetes and solely 7%
were >90 years of age (Supplementary
Data). The age distribution remained
nearly constant during the years 2008—
2012, which was true in both groups: per-
sons with and persons without diabetes
(Supplementary Data). Almost one-quarter
of those with new cases of registered blind-
ness allowances were classified as having
diabetes, with similar proportions in both
sexes, which substantially decreased from
26.1%in 2008 t0 20.7%in 2012. In contrast,
the diabetes prevalence in the background
population changed only marginally in the
same time interval (2008, 7.1%, and 2012,
7.3%).

Incidence Rate and RR

The age- and sex-standardized IRs of
blindness are presented in Table 2. We
observed a strong decrease of IR per
100,000 person-years in the population
with diabetes (2008, 17.3 [95% Cl 13.6—
21.1], and 2012, 8.9 [6.3-11.6]), with a
particularly strong decrease in the first
3 years. Likewise, we found a somewhat
weaker but still considerable decrease of
IR in the population without diabetes
(2008, 9.3 [8.3-10.3], and 2012, 6.6
[5.8-7.4]). In general, these results did
not alter between sexes, with the excep-
tion that the decrease in the population
with diabetes was somewhat stronger
among women. The IRR comparing
the incidence of blindness between

persons with and persons without diabe-
tes ranged between 1.3 (95% Cl 1.0-1.7)
in 2010 and 1.9 (1.5-2.4) in 2008. The
attributable risk of blindness among the
population with diabetes ranged be-
tween 0.24 (95% Cl 0.01-0.42) and 0.46
(0.32-0.58), while the attributable risk of
blindness in the total population lay be-
tween 0.03 (95% Cl 0.00-0.12) and 0.10
(0.08-0.12).

Analysis of Time Trend and Other
Covariates

The results of the incidence trend from
the fully adjusted Poisson models are pre-
sented in Table 3. The RRs in the popula-
tion stratified for diabetes status are shown
in models 1a and 1b. We observed a signif-
icant decline in the blindness incidence
in the population with diabetes during
the observation period by 16% per year
(RR per calendar year 0.84 [95% CI 0.78—
0.90]). This decrease was seen in both sexes,
with a somewhat stronger decline among
women. The IR was ~20% lower among
men compared with women (RR 0.80 [0.66—
0.99]). The IR strongly increased with age
among women but not among men.

When considering the population with-
out diabetes, we observed a weaker al-
beit significant decrease in blindness
incidence by 9% per year (RR 0.91 [95%
Cl 0.87-0.95]). No difference was seen
between men and women, while this IR
increases strongly with age.

When considering the entire popula-
tion in model 2, we found a 70% increased
IR in the population with diabetes com-
pared with the population without diabe-
tes (RR 1.70 [95% CI 1.32-2.16]) with
comparable results in both sexes.

This difference was particularly strong
among the younger age-groups and was
even reversed in the oldest age-group (RR
diabetes vs. no diabetes, age <50 years,
3.11 [95% Cl 1.56-6.18]; 90+ years, 0.57
[0.36-0.88]) (data not shown). The in-
teraction diabetes * calendar year was
nonsignificant, indicating that the RR
comparing the population with and with-
out diabetes did not materially alter,
which was true for both sexes.

CONCLUSIONS

Main Findings

We estimated IRs, RRs, and attributable
risk of blindness comparing people with
and without diabetes and their time trend
in a large region in southern Germany
between 2008 and 2012. We found a
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significant reduction in incidence of blind-
ness in both the population with and that
without diabetes, which was in particular
strong between 2008 and 2010, with a
somewhat stronger decline among indi-
viduals with diabetes. However, the risk
of blindness remained significantly in-
creased among individuals with diabetes
compared with people without diabetes,
with RR ranging between 1.3 and 1.9. We
observed similar results in both sexes
with regard to time trend.

Comparison With Other Studies and
Implications

Compared with the 1990s, the regional IR
of blindness in Germany markedly de-
clined (17) (Fig. 1). This decrease was ob-
served in both populations with diabetes
(1990, 48.4 per 100,000 person-years
[95% ClI 35.3-61.4], and 2012, 17.3 per
100,000 person-years [13.6-21.1]) and
without diabetes (1990, 12.2 per 100,000
person-years [11.1-13.4], and 2012, 6.6
per 100,000 person-years [5.8-7.4]),
with a much more prominent decline in
the population with diabetes, leading to a
markedly reduced RR from 4.0 in 1990 to
1.4in 2012 (5,9). Unfortunately, the study
region of the analysis in the 1990s is not
exactly the same as that in our study, but
they are neighboring districts with a similar
age distribution. The observed reduction at
first seems surprising owing to the aging of
the population. However, this decrease re-
mained after age standardization. The
substantial decrease in blindness due to
diabetic retinopathy was already shown in
Germany, which could be explained by
several factors (e.g., improved treatment
of diabetes, better collaboration between
diabetologists and ophthalmologists, bet-
ter ophthalmologic diagnostics and ther-
apy for diabetic macula edema via optical
coherence tomography, as well as intra-
vitreal medication with vascular endothe-
lial growth factor [VEGF] inhibitors or
steroids) (18).

A possible explanation for the decrease
inincidence in the population without but
also with diabetes could be improved
early detection and treatment of macular
degeneration, the treatment of glau-
coma, and markedly increased cataract
surgery (19). A substantial reduction in
blindness due to age-related macular de-
generation, which is the main cause of
blindness, in the previous two decades
was observed in southern Germany (3).
This finding was also confirmed by a
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Table 1—Description of all persons with first blindness and the background population, Baden-Wiirttemberg, 2008-2012

Total

Men

Women

Diabetes

No diabetes

Men

Women

Diabetes*

No diabetes*

Diabetes*

No diabetes*

All years combined
Persons with blindnesst
Total person-years

Age at time of first blindness (years)

=30
30-39
40-49
50-59
60-69
70-79
80-89
=90
Year of first blindness: 2008
Persons with blindnesst
Total population
Year of first blindness: 2009
Persons with blindness*
Total population
Year of first blindness: 2010
Persons with blindnesst
Total population
Year of first blindness: 2011
Persons with blindnesst
Total population
Year of first blindness: 2012
Persons with blindnesst
Total population

1,897

121
40
64

115

149

369

807

232

467
4,816,006

404
4,816,733

388
4,823,570

314
4,838,304

324
4,732,488

712 (37.5)

24,027,101 11,780,875 (49.0)

61 (50.4)
24 (60.0)
35 (54.7)
56 (48.7)
74 (49.7)
162 (43.9)
247 (30.6)
53 (22.8)

174 (37.3)
2,358,576 (49.0)

140 (34.7)
2,360,698 (49.0)

143 (36.9)
2,367,327 (49.1)

130 (41.4)
2,378,244 (49.2)

125 (38.6)
2,316,030 (48.9)

1,185 (62.5)

12,246,226 (51.0)

60 (49.6)
16 (40.0)
29 (45.3)
59 (51.3)
75 (50.3)
207 (56.1)
560 (69.4)
179 (77.2)

293 (62.7)
2,457,430 (51.0)

264 (65.3)
2,456,035 (51.0)

245 (63.1)
2,456,243 (50.9)

184 (58.6)
2,460,060 (50.8)

199 (61.4)
2,416,458 (51.1)

449 (23.7)

1,748,049 (7.3)

0(0.0)
3(7.5)
11 (17.2)
41 (35.7)
54 (36.2)
107 (29.0)
202 (25.0)
31 (13.4)

122 (26.1)
344,252 (7.1)

104 (25.7)
349,195 (7.2)

84 (21.6)
352,908 (7.3)

72 (22.9)
355,568 (7.3)

67 (20.7)
346,126 (7.3)

1,448 (76.3)

22,279,052 (92.7)

121 (100.0)
37 (92.5)
53 (82.8)
74 (64.3)
95 (63.8)
262 (71.0)
605 (75.0)
201 (86.6)

345 (73.9)
4,471,754 (92.9)

300 (74.3)
4,467,538 (92.8)

304 (78.4)
4,470,662 (92.7)

242 (77.1)
4,482,736 (92.7)

257 (79.3)
4,386,362 (92.7)

167 (23.5)
827,861 (7.0)

0 (0.0)
3(12.5)
9 (25.7)
22 (39.3)
26 (35.1)
44 (27.2)
60 (24.3)

3(5.7)

46 (26.4)
158,955 (6.7)

29 (20.7)
162,004 (6.9)

31 (21.7)
170,451 (7.2)

32 (24.6)
171,466 (7.2)

29 (23.2)
164,985 (7.1)

545 (76.5)

10,953,014 (93.0)

61 (100.0)
21 (87.5)
26 (74.3)
34 (60.7)
48 (64.9)
118 (72.8)
187 (75.7)
50 (94.3)

128 (73.6)
2,199,621 (93.3)

111 (79.3)
2,198,694 (93.1)

112 (78.3)
2,196,876 (92.8)

98 (75.4)
2,206,778 (92.8)

96 (76.8)
2,151,045 (92.9)

282 (23.8)

11,326,038 (92.5)

0(0.0)

0 (0.0)

2(6.9)
19 (32.2)
28 (37.3)
63 (30.4)
142 (25.4)
28 (15.6)

76 (25.8)
185,297 (7.5)

75 (28.4)
187,191 (7.6)

53 (21.6)
182,457 (7.4)

40 (21.7)
184,102 (7.5)

38 (19.1)
181,141 (7.5)

903 (76.2)
920,188 (7.5)

60 (100.0)
16 (100.0)
27 (93.1)
40 (67.8)
47 (62.7)
144 (69.6)
418 (74.6)
151 (84.4)

217 (74.1)
2,272,133 (92.5)

189 (71.6)
2,268,844 (92.4)

192 (78.4)
2,273,786 (92.6)

144 (78.3)
2,275,958 (92.5)

161 (80.9)
2,235,317 (92.5)

Data are n or n (%). *Percentages related to total male population and female population, respectively. TRelated to total population.
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Table 2—Incidence of blindness, Germany, 2008—2012

IR (95% Cl) per 100,000 person-years*

IRRs and attributable risk (95% Cl)

IRt IRd IRn IRR ARE PAR
Total population
2008 10.3 (9.4-11.3) 17.3 (13.6-21.1) 9.3 (8.3-10.3) 1.9 (1.5-2.4) 0.46 (0.32-0.58) 0.10 (0.08-0.12)
2009 8.7 (7.9-9.6) 14.3 (10.8-17.9) 7.8 (6.9-8.7) 1.8 (1.4-2.4) 0.45 (0.28-0.58) 0.10 (0.00-0.21)
2010 8.1 (7.3-9.0) 10.4 (7.8-13.0) 7.9 (7.0-8.8) 1.3 (1.0-1.7) 0.24 (0.01-0.42) 0.03 (0.00-0.12)
2011 6.4 (5.7-7.1) 10.8 (6.6-15.0) 6.0 (5.2-6.7) 1.8 (1.2-2.7) 0.45 (0.17-0.63) 0.06 (0.00-0.21)
2012 6.8 (6.1-7.6) 8.9 (6.3-11.6) 6.6 (5.8-7.4) 1.4 (1.0-1.9) 0.26 (0.00-0.46) 0.03 (0.00-0.16)
Male population
2008 9.6 (8.1-11.0) 16.6 (10.6-22.5) 8.6 (7.0-10.1) 1.9 (1.3-2.9) 0.48 (0.23-0.65) 0.11 (0.08-0.14)
2009 7.3 (6.1-8.5) 11.7 (6.0-17.4) 7.0 (5.6-8.3) 1.7 (1.0-2.8) 0.41 (0.00-0.65) 0.05 (0.00-0.25)
2010 7.5 (6.2-8.7) 9.1 (5.6-12.7) 7.5 (6.1-9.0) 1.2 (0.8-1.9) 0.17 (0.00-0.47) 0.00 (0.00-0.16)
2011 6.6 (5.5-7.8) 13.3 (5.5-21.1) 6.2 (5.0-7.5) 2.1 (1.1-4.0) 0.53 (0.13-0.75) 0.06 (0.00-0.28)
2012 6.7 (5.5-7.9) 9.6 (5.3-14.0) 6.5 (5.1-7.8) 1.5 (0.9-2.5) 0.33 (0.00-0.59) 0.03 (0.00-0.24)
Female population
2008 10.7 (9.5-11.9) 17.7 (12.9-22.5) 9.6 (8.3-10.9) 1.8 (1.4-2.5) 0.46 (0.26-0.60) 0.10 (0.08-0.13)
2009 9.4 (8.3-10.6) 15.5 (11.5-19.4) 8.2 (7.0-9.4) 1.9 (1.4-2.5) 0.47 (0.29-0.61) 0.13 (0.00-0.25)
2010 8.4 (7.4-9.5) 10.7 (7.1-14.3) 8.1(6.9-9.2) 1.3 (0.9-1.9) 0.25 (0.00-0.48) 0.04 (0.00-0.15)
2011 6.3 (5.4-7.2) 8.2 (5.3-11.1) 5.9 (4.9-6.9) 1.4 (0.9-2.1) 0.28 (0.00-0.52) 0.06 (0.00-0.25)
2012 6.8 (5.9-7.8) 7.7 (4.9-10.5) 6.7 (5.7-7.8) 1.1 (0.8-1.7) 0.13 (0.00-0.42) 0.02 (0.00-0.19)

ARE, attributable risk of blindness in the population with diabetes; IRd, IR of blindness in individuals with diabetes in population with diabetes; IRn, IR of
blindness in individuals without diabetes in population without diabetes; IRt, IR of blindness in total population; PAR, attributable risk of blindness in the
total population. *Standardized to the German population, 2010.

Danish study indicating a decrease be-
tween 2000 and 2010, with a particularly
strong decrease after 2006, when the

intravitreal pharmacotherapy with inhib-
itors of VEGF therapy was introduced (20).
The first indication of intravitreal anti-

VEGF therapy in 2006 was the age-related
macular degeneration. The indications of
its use were extended to many pathologies,

Table 3—Results of Poisson models: RR for blindness, Germany 2008—-2012
RR (95% Cl) for blindnesst

Variables

Total population

Men

Women

Model 1a (population with diabetes)

Calendar year
Male vs. female
Age (years)t

=90

80-89

70-79

60-69

50-59

Model 1b (population without diabetes)

Calendar year
Male vs. female
Age (years)t

=90

80-89

70-79

60-69

50-59

Model 2
Calendar year
Diabetes (yes vs. no)
Male vs. female
Age (years)t
=90
80-89
70-79
60-69
50-59

Diabetes X calendar year

0.84 (0.78-0.90)*
0.80 (0.66—0.99)*

17.52 (9.04-33.95)*
19.58 (11.10-34.54)*
4.99 (2.78-8.94)*
3.22 (1.74-5.97)*
3.09 (1.63-5.84)*

0.91 (0.87-0.95)*
0.94 (0.83-1.06)

94.60 (75.87-117.95)*
48.82 (40.84-58.35)*
10.10 (8.23-12.4)*
2.99 (2.27-3.93)*
1.64 (1.21-2.21)*

0.91 (0.86-0.96)*
1.70 (1.32-2.16)*
1.10 (0.97-1.26)

75.49 (57.79-98.63)*
44.99 (36.39-56.05)*
9.83 (7.75-12.53)*
3.61 (2.67-4.85)*
2.15 (1.55-2.95)*
0.91 (0.82-1.02)

0.88 (0.79-0.98)*

2.96 (0.84-10.49)
7.59 (4.08-14.11)*
2.01 (1.06-3.81)*
1.39 (0.70-2.76)
1.25 (0.62-2.53)*

0.92 (0.86-0.98)*

92.86 (64.29-134.12)*
44.15 (34.05-57.25)*
10.06 (7.56-13.40)*
3.11 (2.14-4.52)*
1.52 (1.00-2.33)*

0.92 (0.84-1.01)
1.66 (1.05-2.55)*

63.36 (37.92-102.66)*
37.62 (26.94-53.14)*
8.91 (6.19-12.89)*
3.46 (2.20-5.35)*
1.96 (1.19-3.14)*
0.94 (0.78-1.14)

0.82 (0.77-0.87)*

93.53 (31.02-281.99)*
90.45 (30.91-264.64)*
22.76 (7.71-67.22)*
13.88 (4.60-41.85)*
14.12 (4.60-43.30)*

0.91 (0.85-0.96)*

97.76 (71.32-134.01)*
52.23 (39.82-68.52)*
10.21 (7.43-14.04)*
2.88 (1.87-4.45)*
1.75 (1.10-2.77)*

0.91 (0.85-0.97)*
1.72 (1.27-2.30)*

86.01 (61.32-121.84)*
51.75 (38.80-70.37)*
10.85 (7.81-15.26)*
3.78 (2.47-5.73)*
2.36 (1.49-3.67)*
0.89 (0.78-1.02)

*Pp < 0.05. tBaseline: <50 years. $95% Cl.
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Figure 1—Time trend of age- and sex-standardized (standardized to the 2010 German population)
incidence of blindness in the entire population and comparison with the previous examination. Black
triangles, persons with diabetes; black squares, persons without diabetes; solid lines, study period of the
recent examination analyzed in this study; dotted lines, study period of the previous examination.

and in the following years this treatment
was established for patients with diabetic
macular edema (ranibizumab in 2010
and aflibercept in 2014), retina vascular
occlusion, and new vessels in pathologic
myopia.

We found that the RR comparing per-
sons with and persons without diabetes
was higher among younger age-groups,
with comparable results in both sexes.
This result was in line with a previous
study where the RR was increased among
persons <60 years of age (5). This finding
is not surprising, since with increasing
age, risk of blindness strongly increased
among persons without diabetes for other
reasons (e.g., age-related macular degener-
ation, glaucoma). However, to the best of
our knowledge no study found a signifi-
cant decreased risk of blindness among
persons with diabetes compared with
those without diabetes among the el-
derly. A possible explanation could be
that elderly persons with diabetes may
be a selection of more healthy persons
who survived, since mortality due to di-
abetes strongly increased in the study re-
gion in the elderly population (21).
Furthermore, it could be assumed that
the probability of a diabetes diagnosis
rises strongly with age, leading to an in-
creased denominator of incidence (11).

The definition of blindness is rather
strict in Germany, making it difficult to
compare incidences with other countries.
Hall et al. (11) from Scotland showed a
reduction for new blindness in the

population with diabetes: the mean inci-
dence of blindness attributable to diabe-
tes was 42.7 per 100,000 person-years
(95% Cl 25-60) for 20002009 compared
with 64.3 per 100,000 person-years for
1990-1999 (P = 0.062). The RR of devel-
oping blindness per year was 0.89 (95% ClI
0.811-0.988; P = 0.028) for 2000—2009.
The authors suggest that this may be a
consequence of an increased denomina-
tor population, resulting from better re-
cording of diabetes and changes to the
diagnostic criteria. In Poland, the IR of
blindness due to diabetes decreased sig-
nificantly within the diabetic population
from 102.4 per 100,000 (95% ClI 65.7—
139.0) in 1989 to 13.3 per 100,000
(3.8-24.9) in 2004 (10). However, the com-
parison of these studies is limited, since
the IR was not adjusted for age or sex. Fur-
thermore, no comparison with the IR in the
population without diabetes was performed.

Limitations and Strengths

Several limitations have to be considered.
Firstly, the considered districts of all anal-
yses since the year 2008 were not exactly
the same as the districts included in the
analyses during the 1990s. Nevertheless,
it was shown that the overall incidence of
blindness was quite homogenous in this
area (3). Secondly, the data are based on
all newly registered blind personsin a lim-
ited geographic area during a certain pe-
riod. There is no information about how
many or which people do not apply for
the blindness allowance even though

they are entitled to. Thirdly, since 2005
the welfare authorities of municipalities
are responsible for the blindness allow-
ance procedure. Before 2005, the pro-
cedure was centralized in two state
authorities. We cannot rule out that this
change of responsibility influenced the
acceptance of the blindness allowance.
Fourthly, it is known that diabetes preva-
lence increased as a result of improved
and earlier detection of the disease,
which leads to a less severely diseased
population with diabetes, resulting in a
decrease in incidence of blindness. How-
ever, we also observed a similar decrease
between 2008 and 2012 in the population
without diabetes. Finally, only extreme,
severe cases of blindness could be consid-
ered in our data. Therefore, we cannot
rule out that the incidence of less severe
visual impairment remained constant or
even increased.

One of the strengths of our study is that
the procedure of blindness allowance was
based by law on administrative files of the
welfare administration and has not changed
for decades. Because of the amount of
the blindness allowance, it can be ex-
pected that almost all incident cases
continue to be recorded in this way. Fur-
thermore, we have—despite the uncer-
tainties mentioned above—an overview
of a long period in one region where data
were assessed using the same means.
Overall, the reduction in the incidence of
blindness may be substantial over the
past three decades, and this may in part
be due to improved diabetes care, as con-
sidered in the St. Vincent Declaration.

We found a significant reduction in IR
of blindness in both the population with
and that without diabetes, which, com-
pared with the 1990s, was particularly
strong among individuals with diabetes.
These findings may be explained by effec-
tive secondary prevention therapies and
improved ophthalmologic care beyond
diabetic retinopathy, in particular with re-
gard to macular degeneration, which
means earlier detection of the diseases.
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