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Abstract 

Background With a rising prevalence of age-related eye diseases, prevention and early diagnosis of these conditions 
are key goals of public eye health. Disease-related knowledge in the general public supports these goals but there 
is little data available. Thus, we have assessed knowledge of cataract, glaucoma, age-related macular degeneration 
(AMD) and diabetic eye disease in the German adult general population in a cross-sectional study and identified 
target groups for health education interventions.

Methods Knowledge assessment content was identified based on a literature review, expert input, and a list 
of items was generated after a qualitative selection process. The resulting 16-item instrument (4 items per condition) 
was administered to 1,008 participants from a survey panel, demographically representative of the adult German 
population. Test properties were evaluated based on a Rasch model and multiple correspondence analysis (MCA). 
Binary-logistic regression analysis was performed to investigate associations with age, sex, education level, employ-
ment status, marital status, income, reported health status, visual difficulties, and recent general practitioner (GP) 
and ophthalmologist consultations.

Results Replies were correct for a median of 9 out of 16 (range 2 – 16) items, which differed between conditions 
(p < 0.0001). Most responses were correct for cataract items (median: 3 / 4) and least were correct for AMD items 
(median: 2 / 4). 27%, 9%, 1% and 19% of respondents replied correctly to all cataract, glaucoma, AMD and diabetic eye 
disease-related items, respectively. Rasch analysis suggested an adequate targeting of items and in MCA, no evidence 
of multidimensionality was present. Older age, being retired, decreased general health and recent GP or ophthalmol-
ogy consultations were significantly associated with more knowledge about common eye conditions (p ≤ 0.005). GP 
or ophthalmology consultations remained significant in a multivariable model (p ≤ 0.011).

Conclusions Knowledge gaps regarding eye health are considerable in the German general population and should 
therefore be addressed in educational interventions targeting the public. Special attention when designing such 
campaigns needs to be paid to infrequent users of the healthcare system. Knowledge of AMD seems to be poorer 
compared to other eye conditions.
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Background
Social determinants of health (SDOH) are major con-
tributors to real-world health outcomes [1]. Health lit-
eracy is one of the key components of SDOH, covering 
aspects of disease understanding and health promotion 
that exceeds one’s educational background [2–4]. While 
the definition of health literacy has evolved over the last 
decades, knowledge about health conditions and their 
risk factors, prevention strategies, and treatments is well-
conceptualized and thus measurable for research, clinical 
and public health applications. Knowledge about health 
conditions reflects the most profound level of health lit-
eracy (i.e., functional health literacy) [5], and is a major 
contributor to disparities in health outcomes, including 
eye health [6, 7].

Patients with chronic eye conditions who are health 
literate or knowledgeable about eye health have better 
vision outcomes and are more closely integrated into the 
healthcare system than those with lower knowledge and 
health literacy levels [8–12]. Furthermore, the prevalence 
of age-related eye diseases such as cataract, age-related 
macular degeneration (AMD), glaucoma and diabetic eye 
disease rises, and these conditions constitute main causes 
of vision impairment and blindness worldwide [13, 14]. 
Therefore, improving the level of knowledge about age-
related eye conditions in the general population is an 
important goal of public eye health.

Despite health-related knowledge having a major posi-
tive impact on eye health, very little data on knowledge 
about age-related eye diseases are available to the general 
public [15–26]. Better understanding levels of eye health-
related knowledge and its determinants in the general 
population could help target educational interventions, 
improve health literacy and thus improve eye health out-
comes and reduce vision loss. Against this background, 
we have investigated the level of knowledge of common 
age-related eye conditions which may lead to vision loss, 
and of its determinants in a demographically representa-
tive sample of the adult German population, by surveying 
volunteers from an online panel.

Methods
Participants and survey design
Survey participants were recruited from the adult Ger-
man general population to assess their knowledge about 
cataract, glaucoma, AMD and diabetic eye disease 
regarding risk factors, prevention strategies, and treat-
ments, using an online recruiting platform (SurveyEn-
gine, Berlin, Germany). Individuals from the general 
public can register on this platform for participating in 
surveys and are compensated according to agreements 
between the participants and the service provider. Eli-
gibility criteria were age ≥ 18  years, German language 

comprehension, residence in Germany, and inter-
net access. No participants were recruited from other 
sources than the recruiting platform.

The target size of the surveyed sample was 1,000 par-
ticipants, considering a population size > 10,000 individu-
als (adult Germans) and a ± 3% margin of error [27]. The 
age and sex of participants reflected publicly available 
data from the German national micro-census 2021 in 
adults [28], which was implemented in the targeting algo-
rithm of the service provider. Our survey included data 
on sociodemographic characteristics (age, sex, marital 
status, level of education, employment, living situation) 
as well as items on participants’ overall and ocular health 
(including the EQ-5D-5L questionnaire [29]), use of the 
healthcare system (number of general practitioner and 
ophthalmologist consultations over the past 12 months), 
and sixteen items on knowledge about four common eye 
diseases (cataract, glaucoma, AMD, diabetic eye disease).

To obtain the knowledge items, a list of contents of 
existing knowledge assessments instruments on the men-
tioned ocular conditions targeted at the general popu-
lation was compiled based on a review of the literature, 
using the literature search tools PubMed and Google 
Scholar. Content of existing, published instruments was 
reviewed by two of the authors (JHT, RPF) and a list of 
draft items was produced. Four items per disease cate-
gory were then selected, considering knowledge domains 
with a clinical or public health relevance. Each item con-
tained a statement about a risk factor, prevention strat-
egy, treatment or public misconception, respectively. 
Before the instrument was used in the quantitative part 
of the study, three debriefings with members from the 
general public were performed to ensure the compre-
hensibility of the items and response options. We asked 
participants to rate all statements as true or false (forced 
response) from their knowledge without support from 
third parties and with no additional information. Data 
collection took place in September 2022. Ethics approval 
was obtained from the institutional ethics committee 
at the University Hospital Bonn, Germany (approval ID 
255/22).

Statistical analysis
The distribution of variables was graphically inspected 
and described using the mean and standard deviation 
(SD), absolute numbers and percentages. In the first part 
of statistical analysis, we investigated the internal con-
sistency and dimensionality of the 16 knowledge items, 
using a dichotomous Rasch model, i.e. a one-parameter 
item response model, under the assumption that the 
individual items (questions) share a common latent trait 
[30]. Rasch models describe the probability of a correct 
response to a questionnaire item as a function of test 
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taker ability and test item properties. We then used the 
models to assess person reliability, person separation 
index, item fit, and differential item functioning (DIF) 
by sex, including female and male participants. DIF was 
evaluated using contrasts and Rasch-Welch probabilities. 
Contrasts ≥ 0.64 logits were interpreted as potential DIF 
and contrasts ≥ 1.0 were interpreted as relevant DIF [31]. 
Multiple correspondence analysis (MCA) based on a cor-
respondence analysis of the Burt matrix was conducted 
to further assess knowledge dimensions across disease 
domains. MCA is a dimension reduction technique simi-
lar to principal component analysis, specifically devel-
oped for use in categorical data [32]. The term Burt 
matrix refers to a cross-tabulation of all response catego-
ries. The subsequent analysis focused on the identifica-
tion of sociodemographic determinants of participants’ 
knowledge about eye diseases. For this purpose, cor-
rect answers to the statements about eye diseases were 
summed up to a total score (maximum score 16 points) 
and sub-scores per disease (maximum score 4 points). 
Participants’ sub-scores were compared using the Fried-
man test. Associations between sample characteristics 
and test performance were investigated, using logistic 
regression models with the dichotomized sum score of 
correct responses by median as the dependent variable. 
Statistical analyses were performed with SPSS Statistics, 
version 27 (IBM Corporation, Armonk, NY), Winsteps, 
version 3.92.1 (Chicago, IL) and R, version 4.2.2 (Vienna, 
Austria). P-values < 0.05 were considered statistically 
significant.

Results
A total of 1,008 participants completed the survey. 
Participants were on average 50  years old (age range: 
18–86 years) and the majority did not report any visual 
difficulties. More than 90% of participants had under-
gone upper secondary or tertiary education (Table  1). 
More respondents had consulted a general practitioner 
over the previous 12  months (747 participants, 74.1%) 
than an ophthalmologist (398 participants, 39.5%). A 
small proportion of participants reported having been 
diagnosed with cataract, glaucoma, AMD or diabetic eye 
disease, respectively (6.9%, 4.3%, 4.9% and 4.4%).

Out of sixteen statements about cataract, glaucoma, 
AMD and diabetic eye disease, participants correctly 
identified a median of 9 statements (range: 2 to 16 state-
ments; Table 2). No responses were missing. The number 
of correct responses was significantly different between 
disease categories (p < 0.0001), with cataract scoring 
highest and AMD scoring lowest, while the catego-
ries glaucoma and diabetic eye disease ranked similarly 
(p = 0.743).

Table 1 Sociodemograhic characteristics of the sample (n = 1,008)

Mean ± SD or n (%)

Age, years 50 ± 16

Sex

 Female (%) 500 (49.6)

 Male (%) 501 (49.7)

 Diverse 3 (0.3)

 Missing 4 (0.4)

Education

 Primary or lower secondary 41 (4.1)

 Upper  secondarya 446 (44.2)

  Tertiaryb 491 (48.7)

  Otherc 14 (1.4)

 Missing 16 (1.6)

Employment

 Employed or self-employed 567 (56.3)

 Retired 272 (27.0)

 Student 43 (4.3)

 Unemployed 49 (4.9)

 Other 73 (7.2)

 Missing 4 (0.4)

Marital status

 Single 314 (31.2)

 Married / partner 541 (53.7)

 Divorced 92 (9.1)

 Widowed 50 (5.0)

 Missing 11 (1.1)

Monthly household income

  < EUR 1,300 128 (12.7)

 EUR 1,300 to < 1,700 114 (11.3)

 EUR 1,700 to < 2,600 242 (24.0)

 EUR 2,600 to < 3,600 155 (15.4)

 EUR 3,600 to < 5,000 234 (23.2)

  ≥ EUR 5,000 94 (9.3)

 Missing 41 (4.1)

EQ-5D-5L

 Value 0.84 ± 0.22

 Mobility, problems (%)d 365 (36.2)

 Self-care, problems (%)d 168 (16.7)

 Usual activities, problems (%)d 330 (32.7)

 Pain/discomfort, problems (%)d 586 (58.1)

 Anxiety/depression, problems (%)d 442 (43.8)

General health

 Excellent (%) 53 (5.3)

 Very good (%) 230 (22.8)

 Good (%) 437 (43.4)

 Fair (%) 247 (24.5)

 Poor (%) 41 (4.1)

Visual difficulties

 No difficulties (%) 648 (64.3)

 Some difficulties (%) 327 (32.4)
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Internal consistency and dimensionality
The person reliability and person separation index in 
a dichotomous Rasch model from the responses were 
0.46 and 0.92, respectively. Mean-square values ranged 
between 0.84 and 1.14 in the inlier-sensitive fit statistic 
and between 0.80 and 1.77 in the outlier-sensitive fit sta-
tistic. The person-item map indicated that the difficulty 
of the 16 items was well targeted to our population, with 
item A4 being most difficult and item C4 being least diffi-
cult (Fig. 1). One item (A3) was indicative of DIF for sex, 
with a higher probability of correct replies in female than 
in male participants (p = 0.0001, DIF contrast 0.69). The 
item was retained as the contrast threshold of 1.0 was not 
exceeded. Since the model requirements were not met 

and did not improve with any revisions, we decided not 
to use the Rasch model for further analysis.

In MCA, the first two dimensions explained 37.6% of 
the variance in the dataset (Fig. 2). Applying a rescaling 
algorithm that fit off-diagonal submatrices yielded 52.7% 
of the variance explained by the first two dimensions and 
a comparable biplot to Fig. 2 (data not shown). Most cor-
rect responses loaded negatively on the first dimension 
and all items loading positively on the second dimension 
included correct statements while no associations with 
the eye condition or the field of knowledge were quali-
tatively identified. As a result of MCA, all 16 items were 
used for further analysis.

Determinants of knowledge
Five hundred twenty-four participants (52.0%) had 
nine correct responses or less (lower-knowledge group) 
and 484 participants (48.0%) had ten or more correct 
responses (higher-knowledge group). The median num-
ber of correct responses in these subgroups was 8 and 11, 
respectively. Based on this we dichotomized the dataset. 
Binary-logistic regression analysis revealed significant 
associations of being in the higher knowledge group with 
older age, retirement, reduced general health and consul-
tations with general practitioners and ophthalmologists 
within the previous 12  months, while the level of edu-
cation was not significantly associated (Table  3). These 

Table 1 (continued)

Mean ± SD or n (%)

 Large difficulties (%) 27 (2.7)

 Cannot see (%) 6 (0.6)
a School education after age 16
b University degree or similar
c participants that reported no school education after age 16 and a University or 
similar degree
d Problems refer to the wording of the EQ-5D-5L response categories (Levels 2 
to 5)

Table 2 Items included in the assessment of knowledge about eye diseases and proportion of correct responses

a Correct replies to all statements within category, AMD Age-related macular degeneration

Category Statement Response correct (%)

Cataract 4 items 270 (26.8)a

 C1 Risk factor age (true) 639 (63.4)

 C2 Affects the optic nerve (false) 654 (64.9)

 C3 Curable with surgical intervention (true) 631 (62.6)

 C4 Curable with eye drops (false) 977 (96.9)

Glaucoma 4 items 89 (8.8)a

 G1 Risk factor intraocular pressure (true) 624 (61.9)

 G2 Risk factor family history (true) 271 (26.9)

 G3 Curable with surgical intervention (false) 605 (60.0)

 G4 Curable with eye drops (false) 919 (91.2)

AMD 4 items 13 (1.3)a

 A1 Risk factor age (true) 609 (60.4)

 A2 Curable with laser intervention (false) 538 (53.4)

 A3 Risk reduction with diet and physical activity (true) 188 (18.7)

 A4 Risk factor smoking (true) 137 (13.6)

Diabetic eye disease 4 items 189 (18.8)a

 D1 Risk reduction with regular eye screenings (true) 635 (63.0)

 D2 Blindness as a complication (true) 536 (53.2)

 D3 Curable with laser intervention (false) 894 (88.7)

 D4 Risk reduction with blood sugar management (true) 435 (43.2)
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results remained overall consistent when looking at the 
best- and worst-performing participants of the sample 
by the highest- and lowest knowledge quartiles instead 
(Supplementary Table  1)  and when excluding partici-
pants with self-reported cataract, glaucoma, AMD and 
diabetic eye disease (Supplementary Table 2).

In a single multivariable binary-logistic regression 
model, higher knowledge was significantly associated 
with both consultations with a general practitioner and 
an ophthalmologist over the past 12 months, when con-
trolling for participants’ age, sex, employment status and 
general health (Table  4). On average, participants who 
had consulted a general practitioner or an ophthalmolo-
gist replied correctly to one of the statements more than 
participants who had not consulted these medical spe-
cialties, respectively. Analyses at an individual item level 
were consistent with these results (Supplementary Fig. 1).

Discussion
The results of our study suggest that the knowledge of 
common age-related eye diseases in the adult German 
population is relatively poor, with more than one in three 
participants replying incorrectly to the majority of items. 
The knowledge assessment differed by disease: cataract-
related items scored highest and AMD-related items 
scored lowest, indicating a relevant gap in eye health 
knowledge. Infrequent users of healthcare services as 
well as younger individuals, individuals in good general 
health and people in employment were less knowledge-
able and could be relevant target groups for future eye 
health education interventions for the general popula-
tion. Overall, our results emphasize the crucial role of 
healthcare personnel or contact with the healthcare sys-
tem in improving SDOH and thus, health outcomes.

Our study confirms findings from other countries 
which demonstrated that AMD-related knowledge 
among the general population seems to be particu-
larly poor, despite AMD being the most common cause 
of blindness and severe visual loss in all high-income 
countries [15–20, 33–35]. To date, no other study has 
assessed AMD-related knowledge in a demographi-
cally representative sample in Germany. Concerningly, 
less than 20% of our study participants knew common 
modifiable risk factors of AMD. In a previous study, 
we found that the majority of community dwelling 
elderly people were unaware of their AMD [36]. With 

Fig. 1 Person-item map derived from a Rasch model describing 
all 16 items on the knowledge about common eye diseases 
in Germany. Items on cataract (C), glaucoma (G), age-related macular 
degeneration (A) and diabetic eye disease (D) follow the descriptions 
from Table 2. The # and. symbols reflect groups of 15 and < 15 test 
takers at a defined knowledge level, respectively
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an expected increase in AMD prevalence by 2040 [35, 
37], public campaigns targeting this knowledge gap 
are urgently needed. This also holds true for diabetic 
eye disease, the most common global cause of blind-
ness and vision loss in the working age population [38], 
for which more than a third of our study participants 
lacked knowledge about eye screening as an impor-
tant prevention strategy. These knowledge gaps are 

supported by the results of previous studies [39–42], 
which is especially concerning given that early preven-
tion strategies are highly effective in reducing the inci-
dence of vision loss due to diabetic eye disease [43].

Much previous research focused on glaucoma [15–17, 
19, 20, 22, 26, 44–50], where early detection is particu-
larly important [51]. A 20-year old study in Germany 
demonstrated that glaucoma awareness was relatively 
high but participants struggled naming correct disease 
features and symptoms [44]. In our cohort, more than a 
third of respondents did not know that increased intraoc-
ular pressure was a risk factor for glaucoma and only one 
fourth knew that a positive family history increased the 
risk of developing glaucoma. This is particularly concern-
ing since glaucoma is a relatively common condition and 
late presentation of glaucoma patients is associated with 
a poor prognosis [52, 53]. Anecdotally, glaucoma and cat-
aract are often confused by the general public and 35% of 
respondents believed cataract directly affected the optic 
nerve. Overall, significantly more responses to cataract 
than glaucoma items were correct, despite early detec-
tion playing a crucial role in preventing irreversible glau-
comatous visual field damage [54].

Lastly, the level of knowledge in our study was signifi-
cantly associated with recent contact with the health-
care system (i.e. ophthalmologist or GP consultations), 
as well as older age, lower general health and employ-
ment status. A positive association between disease 
knowledge and age has been identified in previous stud-
ies which may be explained by the increased exposure to 
the healthcare system with older age. However, results in 
the literature are inconclusive [16, 18, 23]. Overall, more 
research is needed to better understand the determinants 
of eye health knowledge in infrequent users of the health-
care system and to tailor public awareness campaigns and 
education measures to these groups.

Fig. 2 Biplot from multiple correspondence analysis based 
on correspondence analysis of the Burt matrix of correct ( +) 
and incorrect (-) responses to 16 items assessing knowledge 
about common eye diseases in Germany. Items on cataract (C), 
glaucoma (G), age-related macular degeneration (A) and diabetic eye 
disease (D) follow the descriptions from Table 2

Table 3 Factors associated with higher overall knowledge about 
common eye diseases in univariable binary-logistic regression 
models. Dependent variable: Result better or worse than the 
median (> versus ≤ 9 correct replies)

Statistically significant assocations are marked in bold
a Considers male and female participants
b Considers categories employed/self-employed and retired
c Considers categories single/divoreced/windowed and married/partnership

Independent variable OR [95% CI] p-value

Age 1.014 [1.006;1.022]  < 0.0001
   Sexa (female) 1.266 [0.988; 1.623] 0.062

  Education 0.962 [0.845; 1.097] 0.565

Employmentb (retired) 1.517 [1.134; 2.029] 0.005
  Marital  statusc (no partner) 0.929 [0.724; 1.192] 0.563

  Monthly household income 1.042 [0.960; 1.132] 0.328

  EQ-5D-5L value 0.905 [0.522; 1.568] 0.721

General health reduction 1.222 [1.067; 1.400] 0.004
  Visual difficulties 1.176 [0.948; 1.460] 0.141

Consultation general practitioner 1.462 [1.256; 1.701]  < 0.0001
Consultation ophthalmologist 1.364 [1.200; 1.551]  < 0.0001

Table 4 Factors associated with higher overall knowledge 
about common eye diseases in a multivariable binary-logistic 
regression model. Dependent variable: Result better or worse 
than the median (> versus ≤ 9 correct replies)

Statistically significant associations are marked in bold
a Considers male and female participants
b Considers categories employed/self-employed and retired

Independent variable OR [95% CI] p-value

Age 1.010 [0.998; 1.022] 0.117

Sexa (female) 1.158 [0.875; 1.532] 0.305

Employmentb (retired) 1.107 [0.734; 1.671] 0.627

General health reduction 0.941 [0.789; 1.123] 0.502

Consultation general practitioner 1.275 [1.058; 1.538] 0.011
Consultation ophthalmologist 1.256 [1.079; 1.462] 0.003
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We developed a 16-item instrument (Supplementary 
Table  3) which covers knowledge about multiple oph-
thalmic diseases relevant in a population setting. Previ-
ous developments are mostly condition-specific (e.g., 
National Eye Health Education Program Eye-Q test, 
Auckland Glaucoma Knowledge Questionnaire, Diabetic 
Retinopathy Knowledge and Attitudes questionnaire 
[55–57]) and therefore not applicable for a study assess-
ing knowledge across a spectrum of disorders. Interest-
ingly, the results of a multiple correspondence analysis 
suggest that different knowledge domains (risk factors, 
prevention strategies, treatments, misconceptions across 
diseases) can be tested in a single knowledge assessment 
and support the internal consistency of the instrument. 
Its validity has been demonstrated by the qualitative 
development process and its construct validity is sup-
ported by the associations with sociodemographic factors 
that were associated with poorer health knowledge in the 
previous literature. Potential DIF in item A3 requires fur-
ther investigation in future use scenarios of the instru-
ment but could also be explained by different physical 
activity attitudes specific to our sample. The developed 
instrument could be used to assess the impact of health-
care education interventions in ophthalmology. However, 
further work is needed to refine the instrument.

The strengths of our study include the large sample 
size, which was demographically representative of the 
adult German population, performance-based assess-
ment of knowledge instead of relying on self-evaluation, 
as well as use of modern psychometric methods. Limi-
tations include content development based on literature 
and clinician input only, excluding patients. However, 
methods in the literature vary and it is arguable if patient 
involvement without involvement of the general public 
fully meets content validity requirements where stand-
ards are lacking. The assessment did not include disease 
awareness or other indicators of in-depth understanding 
of the disease. Our sample was not representative of the 
German population in terms of socioeconomics or geo-
graphic location, and the survey was conducted online, 
which may have led to selection bias, as indicated by the 
higher proportion of higher education backgrounds in 
our data compared to the general population. Our results 
could therefore underestimate the actual level of knowl-
edge about age-related eye diseases in adult people in 
Germany. The knowledge instrument requires further 
reliability and validity assessment in the future before 
it can be applied in other settings, including an assess-
ment of repeatability, concurrent validity and predictive 
validity. We included only few participants in the cog-
nitive debriefings of our instrument and further quali-
tative work will be required to better understand how 
knowledge about common eye disease is best assessed 

for targeted health education interventions. Neverthe-
less, our study provides the most comprehensive assess-
ment of eye health knowledge in the German general 
population.

Conclusions
The knowledge of cataract, glaucoma, AMD and dia-
betic eye disease in Germany is relatively poor and health 
campaigns are required to educate the general pub-
lic about eye health, most urgently AMD. Considering 
the expected increase in age-related eye disorders with 
asymptomatic early stages, education about risk factors 
and preventive measures merits a special focus.
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