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	 Background:	 Age-related macular degeneration (AMD) is the most common cause of visual impairment in the elderly pop-
ulation in industrialized countries. The Study of Health in Pomerania (SHIP) with its cohort SHIP-TREND was 
designed to investigate risk factors and clinical disorders in the general population of northeast Germany. This 
work focused on the first follow-up of SHIP-TREND and determined associated modifiable risk factors of AMD. 
Modifying risk factors is important to slow the progression of early AMD as there is currently no treatment for 
the late stage of geographic atrophy. Understanding AMD-associated risk factors also plays an important role 
in the development of therapeutic concepts.

	 Material/Methods:	 Between 2016 and 2019, data were collected from a total of 2507 initially randomly selected subjects from the 
general population aged 28 to 89 years. Non-mydriatic fundus photography of the right eye was performed in 
2489 subjects. Grading of AMD was performed using the Rotterdam classification system.

	 Results:	 We included 1418 gradable fundus photographs in the analysis. The risk of AMD changes increased with age 
and was positively correlated with HDL cholesterol, fT3, and low educational level. In men, BMI and cigarette 
smoking were also positively associated with AMD changes.

	 Conclusions:	 This study emphasizes the consideration of various metabolic pathways for the development of therapeutic 
concepts.
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Introduction

Age-related macular degeneration (AMD) is one of the major 
causes of visual impairment or blindness in advanced adult-
hood in industrialized countries. AMD is characterized by the 
appearance of pigment epithelial changes and drusen (ie, 
yellow deposits in the pigment epithelium) [1] (Figure 1A). 
These changes progress to the late stage of geographic atro-
phy (Figure 1B) (ie, complete loss of pigment epithelium and 
photoreceptors in the macular area or the formation of neo-
vascularization, which leads to fluid accumulation in and un-
der the retina). This accumulation of fluid is also referred to 
as wet or exudative AMD, while geographic atrophy describes 
late-stage dry AMD [2,3].

People affected by AMD report increasing difficulties in reading 
and the need for good lighting. As the condition progresses, 
central scotomas and impaired vision may occur [2]. Advanced 
and late stages of AMD in particular are associated with sig-
nificantly reduced visual acuity. The frequency of depression 
was found to double in these patients, which is exacerbated 
by the loss of independence and leisure activities [3,4].

It is known that AMD is based on a multifactorial process [3,5]. 
In addition to genetic factors, such as a polymorphism in the 
gene for complement factor H (CFH) gene [6], age and pro-
cesses that promote oxidative stress [7,8] also play a role. The 
most important risk factor in this context is smoking [5]. Other 
risk factors are obesity, diet, and cardiovascular risk factors [9] 
such as coronary artery stenosis [10] or light exposure [7,8]. 
The diagnosis of AMD is based on the clinical examination or 
assessment of fundus photographs. In addition, ocular coher-
ence tomography (OCT) and fluorescein angiography are avail-
able to confirm the diagnosis [2]. While there is currently no 

treatment concept for dry AMD, exudative AMD can be treat-
ed by intravitreal administration of anti-VEGF inhibitors [2]. 
The management of dry AMD focusses on adjustment of risk 
factors and use of dietary supplements [11,12].

In Germany, the prevalence of early AMD increased from 5.7 
million to around 7 million between 2002 and 2017. The late 
stages showed an increase from 360 000 to 490 000 affected 
people in the same period [13]. It is estimated that 200 million 
people worldwide had AMD in 2020 [14]. Due to progressive 
demographic changes, this number is expected to increase in 
the coming decades. Wong et a made a prognostic projection 
of the possible development until 2040. In this projection, the 
number of patients affected by AMD will increase from 196 mil-
lion in 2020 to 288 million in 2040 [14]. Due to demographic 
change, the number of patients affected by AMD is expected 
to increase in the coming years. The prognosis by Wong et al 
illustrates this fact. Patients experience a gradual loss of vision, 
which leads to impairments in daily life and in social contacts. 
The rate of depression in these patients is reported to be twice 
as high as in unaffected people of the same age [4]. Patients 
with advanced macular changes are increasingly dependent on 
help in everyday life and the currently available therapies are ex-
pensive, also due to the need for long-term treatment in many 
cases. It is therefore important to collect further information on 
risk factors associated with AMD to optimize the adjustment of 
risk factors, especially in the context of dry AMD, which is not 
yet treatable, and to contribute to the understanding of AMD 
itself and the development of therapy concepts.

AMD and associated risk factors have already been investigated 
and described in various studies worldwide [15-22]. The preva-
lence of AMD and its associated risk factors in the SHIP-TREND 
baseline study (SHIP-TREND-0) has already been described [23]. 

A B

Figure 1. �Fundus images of intermediate AMD (A) and late-stage geographic atrophy (B). Image A shows the typical AMD-associated 
changes in the form of drusen (ie, yellow deposits in the pigment epithelium), as well as pigment epithelium changes in 
the form of hyperpigmentation. Image B shows atrophy of the retinal pigment epithelium and photoreceptors in the central 
macula area.
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The prevalence of AMD for early and late forms is comparable 
to other studies from Europe, USA, Australia, and Asia with 
analysis of fundus images [15-17,24]. In the analysis of the 
SHIP-TREND-0, early changes in the form of retinal pigment 
epithelial changes or drusen occurred more frequently in com-
parison with other national and international studies [23]. In 
addition to age, variables related to obesity were found to be 
associated with AMD. These include an increased BMI, waist 
circumference, and hip circumference. Smoking, cholesterol, 
LDL cholesterol, HDL cholesterol, triglycerides, HbA1c, diet, and 
cardiovascular disease were not associated [23].

The aim of this study was to verify the results of the risk fac-
tors from SHIP-TREND-0 and to identify additional risk fac-
tors in SHIP-TREND-1 to provide further information for un-
derstanding the disease and developing therapeutic concepts.

Material and Methods

Study Design and Population

SHIP is a population-based health project in northeast Germany. 
SHIP-TREND is the second cohort of this study in total and was 
designed to collect information on risk factors, subclinical find-
ings, and diseases and to investigate complex relationships 
among these data. In SHIP-TREND-0, an examination of the fun-
dus of the right eye of each participant was carried out using 
non-mydriatic fundus photography. These baseline data were 
collected between 2008 and 2012 and included 4420 subjects 
20-79 years of age. The subjects were recruited using an age- 
and sex-stratified random sample according to age and sex of 
the residents’ registration offices from the cities of Stralsund, 
Greifswald, and Anklam and the surrounding municipalities. 
All procedures performed were in accordance with the ethics 
standards of the institutional research committee of University 
Medicine Greifswald (former Ernst-Moritz-Arndt-University) and 
with the 1964 Helsinki Declaration and its later amendments. 
All participants were informed about the purpose and assess-
ments of the study, and gave their written informed consent.

For the first follow-up examination (SHIP-TREND-1), all sub-
jects who were still alive were invited to participate and data 
were collected between 2016 and 2019. In total, follow-up data 
were collected from 2507 subjects aged 28-89 years. Eighteen 
subjects had to be excluded due to missing ophthalmologi-
cal examination and another 31 subjects were excluded due 
to missing covariates such as missing age, sex, or other vari-
ables. Thus, 2458 fundus images were available for AMD grad-
ing; 1040 subjects had to be excluded due to reduced image 
quality, leaving 1418 fundus images available for this analy-
sis (Figure 2). The mean age was 57.1 years. The proportion 
of female subjects was 51.6%.

Fundus Photography

A 45° standardized fundus image of the right eye, centered on 
the optic disc, was performed by a trained and certified study 
nurse using a TCR-NW 200 non-mydriatic camera (Topcon 
Corporation, Tokyo, Japan). The examination was performed 
in a darkened room to allow natural pupil dilation. Dark ad-
aptation took place for a few minutes. Images were recorded 
using Visualis 2.62 imaging software (Imedos, Jena, Germany). 
The ophthalmological examinations and all the other assess-
ments are described in detail elsewhere [25,26].

AMD Grading

Grading was performed on the fundus images without further 
information on age, sex, risk factors, or previous diseases by a 
single experienced examiner. If several images were available, 
the best quality image was selected. The selection was based 
on the visibility and illumination of the macula. Fundus imag-
es with insufficient image quality were excluded. Grading was 
done according to the Rotterdam classification for AMD [13,15] 
(Table 1). This classification system divides the changes into 
5 stages, with sub-stages starting with stage 0a for an incon-
spicuous macular finding up to stage 4a and 4b as late stag-
es. Macular changes were also classified into early, interme-
diate, and late changes. In our study, early changes included 

4420

2507

Subjects refused
participation,
deseased, mowed, 
no feedback

Excluded from grading due to
poor image quality,
unclear lesions

No eye exam
available

No covarites
available

1913

18

31

1040

2489

2458

1418

Figure 2. �Flowchart of the SHIP-TREND-1 study population. 
Of the 4420 subjects examined in the SHIP-TREND 
baseline study, 2507 subjects were included in the first 
follow-up SHIP-TREND-1. Of these, 18 subjects did not 
receive an eye examination, so grading of the fundus 
image was performed in 2489 subjects. A further 31 
subjects had to be excluded due to missing covariates 
and 1040 subjects due to low image quality or unclear 
retinal changes, so 1418 subjects could be included in 
the statistical analysis.
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stages 0b and 1b of the Rotterdam classification. Intermediate 
stages include 0c, 1a, 1b, 2a, 2b and 3. Late stages consist of 
geographic atrophy in stage 4a and choroidal neovasculariza-
tion in stage 4b [15] (Table 1).

Risk Factors

The following variables were included in this analysis: age, 
sex, ferritin, CRP, height, weight, hip circumference, waist cir-
cumference, physical activity, and diet. Obesity was defined 
as BMI³30 m2/kg. Diet was surveyed based on the consump-
tion of food in categories. These included sausage, meat, fruit, 
vegetables, and confectionery. Self-reported smoking was di-
vided in current smoking, former smoking, and never smoking. 
Hypertension was defined as using antihypertensive medication, 
systolic blood pressure >140 mmHg, or diastolic blood pres-
sure >90 mmHg. Cardiovascular diseases were defined as his-
tory of ischemic heart disease, myocardial infarction, or stroke. 
Dyslipidemia was defined by a low-density lipoprotein (LDL) to 
high-density lipoprotein (HDL) ratio (LDL/HDL) of >3.5, triglyc-
eride levels >1.69 mmol/l, use of lipid-lowering medication, or 
diagnosis by a physician. Diabetes mellitus was defined by a 
diagnosis of a physician, known therapy (oral medication or 
insulin), or glycated hemoglobin (HbA1c)³5%. Socioeconomic 
factors included family status, housing situation, number of 
people living in the house/flat, number of school years, school-
leaving qualifications, training/studies, and equivalent house-
hold income (Table 2).

Statistical Analysis

All available data were analyzed for accuracy and complete-
ness. The prevalence for AMD stages was weighted for drop-
out from SHIP-TREND-0 to SHIP-TREND-1 and for missing data 
due to non-gradable fundus images. To achieve these weights, 

logistic regression models with data availability yes/no as out-
come and explanatory variables as independent variables were 
conducted. Participation at follow-up was explained by base-
line variables from SHIP-TREND-0 and the missingness in SHIP-
TREND-1 was explained by variables from SHIP-TREND-1. The 
inverse of the individual predictions from these models was cal-
culated. The inverse probability weights were used multiplica-
tively in all analyses. Furthermore, we report characteristics of 
the study population in individuals with and without gradable 
fundus images. Continuous variables are reported as median and 
25th and 75th percentiles, and differences among groups were 
tested by Mann-Whitney U tests. Categorical variables were re-
ported as percentage and differences were tested by c2 tests.

The AMD prevalence was determined for the total cohort as 
well as for subgroups after stratification by age and sex. We 
defined the following subgroups: (a) all AMD, (b) early AMD 
(drusen and/or PE changes), (c) intermediate AMD (drusen with 
PE changes), and (d) end-stage AMD (geographic atrophy or 
choroidal neovascularization).

Associations of potential risk factors with AMD prevalence were 
analyzed by logistic regression models adjusted for age in the 
total study population as well as stratified by sex (1 model for 
each potential risk factor). Fractional polynomials were tested 
to account for potential nonlinear associations between the 
potential risk factors and AMD prevalence [27]. The dose–re-
sponse relationship was found using FP up to degree 2 with 
all possible combinations of powers selected from the set (-2, 
-1, -0.5, 0, 0.5, 1, 2, 3) and comparing them using the log like-
lihood to determine the best-fitting model. If none of the frac-
tional polynomial models fitted the data significantly better 
than the linear model, linear regression was applied. In all anal-
yses, the significance level was set at P<0.05. Statistical analy-
sis was performed with Stata 17.0 (StataCorp LLC, Texas, USA).

AMD stages Description n %

0a No signs of AMD 1270 89.6

0b Hard drusen (<63 µm, <10) 37 2.6

0c Hard drusen (<63 µm, >10) 18 1.3

1a Soft distinct drusen (³63 µm) 14 1.0

1b Pigmentary abnormalities only 55 3.9

2a Soft indistinct drusen (³125 µm) 15 1.1

2b Soft distinct drusen (³63 µm) with pigmentary abnormalities 2 0.1

3 Soft indistinct drusen (³125 µm) with pigmentary abnormalities 6 0.4

4a Atrophic AMD 1 0.1

4b Neovascular AMD 0 0.0

Total 1418 100.0

Table 1. Distribution of AMD stages according to the Rotterdam classification in SHIP-TREND-1.
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Results

AMD Grading

We were able to include 1418 fundus images in this analysis. 
Small hard drusen were found in 3.88% of all subjects and 
soft drusen in 2.61%. Confluent drusen with pigment epithelial 

changes were found in 1.48% of the subjects and only pigment 
epithelial changes in 3.88%. Early forms of AMD according to 
the Rotterdam classification were thus detectable in 6.49% (0b 
with 2.61% (95% CI [1.84, 3.63]) and 1b with 3.88% (95% CI 
[2.40, 4.30]), Table 1, Figures 3, 4) of subjects. An intermedi-
ate AMD stage was identified in 3.88% (0c with 1.27% (95% 
CI [0.70, 1.86]), 1a with 0.99% (95% CI [0.38, 1.13]), 2a with 

Total
OR (95%-CI)

Males
OR (95%-CI)

Females
OR (95%-CI)

Age; years# 	 1.04	 (1.03; 1.06)* 	 1.05	 (1.03; 1.07)* 	 1.03	 (1.01;1.05)*

Educational years# 	 0.92	 (0.85; 1.00) 	 0.80	 (0.71; 0.92)* 	 1.02	 (0.89; 1.16)

Smoking status

	 Former vs never 	 1.00	 (0.65; 1.52) 	 2.52	 (1.25; 5.07)* 	 0.51	 (0.27; 0.95)*

	 Current vs never 	 0.85	 (0.48; 1.51) 	 3.09	 (1.32; 7.21)* 	 0.32	 (0.13; 0.78)*

Physical activity 	 1.02	 (0.67; 1.55) 	 0.67	 (0.38; 1.20) 	 1.55	 (0.83; 2.88)

Body mass index; kg/m2 	 1.00	 (0.96; 1.05) 	 1.07	 (1.01; 1.14)* 	 0.95	 (0.90; 1.01)

Body height; cm 	 1.00	 (0.98; 1.02) 	 0.98	 (0.95; 1.02) 	 1.02	 (0.97; 1.07)

Waist circumference; cm 	 1.00	 (0.99; 1.02) 	 1.02	 (0.99; 1.05) 	 0.99	 (0.97; 1.01)

Hip circumference; cm 	 1.00	 (0.98; 1.02) 	 1.03	 (0.99; 1.06) 	 0.99	 (0.97; 1.01)

Waist-to-hip-ratio 	 0.86	 (0.79; 9.35) 	 1.36	 (0.01; 426.7) 	 0.14	 (0.01; 16.2)

Waist-to-height-ratio 	 1.29	 (0.64; 25.5) 	 51.1	 (0.51; 5138) 	 0.12	 (0.01; 3.85)

Waist-to-weight-ratio 	 1.42	 (0.17; 7.51) 	 0.21	 (0.01; 7.62) 	 3.21	 (0.34; 30.3)

HbA1c; % 	 1.24	 (0.90; 1.71) 	 1.35	 (0.90; 2.01) 	 1.03	 (0.61; 1.73)

Type 2 diabetes 	 1.41	 (0.75; 2.63) 	 0.94	 (0.37; 2.38) 	 1.97	 (0.86; 4.50)

Total cholesterol; mmol/L 	 0.99	 (0.83; 1.17) 	 1.05	 (0.82; 1.35) 	 0.98	 (0.78; 1.22)

LDL-cholesterol; mmol/L 	 0.84	 (0.68; 1.03) 	 0.96	 (0.71; 1.28) 	 0.78	 (0.59; 1.03)

HDL-cholesterol; mmol/L# 	 1.33	 (0.83; 2.15) 	 0.57	 (0.24; 1.35) 	 2.52	 (1.36; 4.70)*

Triglycerides; mmol/L 	 1.12	 (0.96; 1.29) 	 1.17	 (0.95; 1.44) 	 0.80	 (0.56; 1.15)

Hypertension 	 1.21	 (0.79; 1.84) 	 1.55	 (0.80; 3.00) 	 0.95	 (0.55; 1.61)

High-sensitive C-reactive protein; mg/L 	 0.96	 (0.89; 1.03) 	 0.93	 (0.85; 1.02) 	 0.98	 (0.88; 1.08)

Ferritin; µg/L 	 1.00	 (0.99; 1.00) 	 1.00	 (0.99; 1.00) 	 1.00	 (0.99; 1.00)

Thyroid-stimulating hormone; mIU/L 	 0.97	 (0.81; 1.15) 	 1.04	 (0.78; 1.40) 	 0.92	 (0.72; 1.17)

Free triiodothyronine; pmol/L# 	 1.14	 (0.95; 1.39) 	 1.08	 (0.92; 1.27) 	 1.53	 (1.02; 2.28)*

Free thyroxin; pmol/L 	 1.00	 (0.94; 1.07) 	 0.92	 (0.79; 1.07) 	 1.06	 (0.98; 1.15)

Table 2. Association of potential risk factors with AMD.

Data are reported as odds ratios (OR) and 95% confidence intervals (CI) derived from logistic regression models with AMD as outcome 
and the respective potential risk factor as exposure adjusted for age and weighted for drop-out of participants because of non-
readable fundus images. *p<0.05; # for these markers we observed non-linear associations, which are illustrated in Figure 4. In this 
Table the linear associations (without transformation of the exposure variable) are reported, which may differ in terms of significance 
to those in Figure 5.
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1.06% (95% CI [0.35, 1.00]), 2b with 0.14% (95% CI [0.02, 0.35]), 
3 with 0.42% (95% CI [0.10, 0.55]), Table 1, Figures 3, 4) of all 
individuals. The prevalence of late AMD forms was 0.07% (4a 
with 0.07% (95% CI [0.01, 0.19]) and 4b with 0.00%, Table 1, 
Figures 3, 4). The only late form was geographic atrophy in 1 
patient (Table 1, Figures 3, 4). Early changes in AMD were main-
ly observed in individuals aged 40-69 years. Intermediate stag-
es occurred mainly in individuals aged 60-79 years. The only 
late stage showed up in the age group over 80 years (Figure 4).

The main limitation of this image-based AMD grading was that 
1040 images were not gradable mainly due to insufficient image 
quality (Table 1, Figure 2). A comparison of the subjects with 
gradable and non-gradable fundus images is shown in Table 3.

Risk Factors

We investigated associations of AMD-associated health vari-
ables with a combined AMD-variable including all stages. The 
AMD-associated health variables were age, sex, nicotine con-
sumption, physical activity, obesity, somatometric parameters, 
cardiovascular risk factors, blood parameters such as HbA1c, 
total cholesterol, HDL cholesterol, LDL cholesterol and triglycer-
ides, CRP, ferritin, TSH, fT3, fT4 (Table 2), and dietary patterns. 

We found a nonlinear positive association between age and 
AMD (P>0.001) (Figure 5A). The risk for AMD increased more 
strongly in individuals older than 70 years. In the further in-
vestigation, the number of school years was non-linearly asso-
ciated for the total cohort (P=0.020) (Figure 5D) and positive-
ly associated in the sex-separated analysis for men (P=0.001) 
(Table 2). The lower the number of school years, the higher was 
the risk for AMD. Smoking showed a positive association with 
AMD in men but not in women (Table 2). A higher BMI was as-
sociated with a higher risk for AMD in men but not in women 
(Table 2). Nonlinear associations between HDL cholesterol and 
AMD were found in the total cohort (P=0.001) (Table 2, Figure 
5B). The risk of AMD was increased at a value below 1.2 mmol/l. 
In the analysis of men and women separately, an association 
between low HDL cholesterol and AMD was found, especially 
in female subjects (P=0.004) (Table 2). In the further analyses 
we found an increased fT3 value (P=0.017) to be non-linear-
ly associated with AMD (Table 2, Figure 5C). The risk of AMD 
increased with the fT3 level. In the separate analysis of men 
and women, a significant association was shown between AMD 
and an increased fT3 in women (P=0.039) (Table 2). Waist cir-
cumference, hip circumference, height, waist-to-weight ratio, 
waist-to-hip ratio, waist-to-weight ratio, HbA1c, diabetes, to-
tal cholesterol, LDL cholesterol, triglycerides, hypertension, 

1280

1270

1260

1250

0a No AMD
0b Hard drusen (<63 µm, <10)
0c Small hard drusen (<63 µm, <10)
1a Soft distinct dsrusen (≥63 µm)
1b Pigmentary abnormalities only
2a Soft distinct drusen (≥125 µm)
2b Soft distinct drusen (≥63 µm) with pigmentary abnormalities
3 Soft distinct drusen (≥125 µm) with pigmentary abnormalities
4a Atrophic AMD
4b Neovacular AMD

50
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10

0
0a 0b 0c 31a 1b

Stages of AMD in SHIP-TREND-1

1270

37

18
14

62 1 0

15

55

2a 2b 4a 4b

Figure 3. �Frequency of age-related macular degeneration (AMD) stages in the SHIP-TREND-1 cohort. Most of the subjects included in 
the statistical analysis showed no abnormalities on fundus imaging. Only 55 subjects showed pigmentary changes in the 
macular area as part of the initial changes of AMD. There were only a few late AMD changes and only 1 final (dry) stage of 
AMD (stage 4a). This final stage, a geographic atrophy, is shown in Figure 1B. (Stata 17.0, StataCorp LLC, Texas, USA).

e943140-6
Indexed in:  [Current Contents/Clinical Medicine]  [SCI Expanded]  [ISI Alerting System]   
[ISI Journals Master List]  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]

Lüdtke L. et al:  
AMD in SHIP-TREND-1

© Med Sci Monit, 2024; 30: e943140

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

DATABASE ANALYSIS



CRP, ferritin, TSH, and fT4 showed no significant associations 
with AMD (Table 2). Using the Bonferroni correction, a P val-
ue of 0.0007 would still reveal statistically significant findings 
for age, but the associations of school years, HDL cholesterol, 
smoking, and fT3 in women would not be significant anymore.

Discussion

This paper describes the SHIP-TREND-1 cohort regarding AMD 
and adds further information on risk factors associated with 
AMD in northeast Germany.

AMD grading of the fundus images showed early changes in 
6.49% of the subjects (stage 0b with 2.61% and stage 1b with 
3.88%, Table 1, Figures 3, 4), intermediate stages were seen 
in 3.88% (stage 0c with 1.27%, stage 1a with 0.99%, stage 2a 
with 1.06%, stage 2b with 0.14%, stage 3 with 0.42%, Table 1, 
Figures 3, 4), and late stages were seen in 1 subject (stage 4a 
with 0.07%, Table 1, Figures 3, 4). In the risk factor analysis, the 
number of school years, elevated HDL cholesterol, and elevat-
ed fT3 were associated with AMD in the overall cohort. In the 
sex-dependent analysis, an increased BMI and smoking were 
found to be positively associated with AMD in men (Table 2).

The grading of SHIP-TREND-1 showed a comparable distribu-
tion of stages compared to the baseline examination. In our 
cohort, we found a higher frequency of early changes, espe-
cially retinal pigment epithelial changes, compared to oth-
er national and international studies. Late stages, however, 
hardly occurred. This is probably due to the high number of 
excluded subjects due to reduced image quality, since image 
quality tended to be lower in older subjects, leading to an 
overrepresentation of older subject (with higher risk for late 
AMD) in the group of excluded subjects. This was shown in 
SHIP-TREND-1 and SHIP-TREND-0. The analysis of risk factors 
in SHIP-TREND-1 revealed associations with various metabol-
ic pathways and socioeconomic factors in addition to factors 
related to obesity, which were mainly associated as risk fac-
tors in SHIP-TREND-0.

The study sample of the Rotterdam Eye study included 6251 
participants between 55 and 98 years of age. They reported an 
increase in the presence of drusen in subjects aged 55-64 years 
from 4.8% to 17.5% in subjects aged 85 years and older. Late 
stages of AMD were reported in 1.7% of all participants [15].

The Beaver Dam Eye Study in the USA included 4926 partici-
pants aged 43-86 years. There was an increase in large drusen 
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in the age group of 43-54 years to subjects older than 75 years, 
from 1.7% to 24%, respectively. Pigment epithelial changes 
showed an increase between these age groups, from 7.3% to 
26.6%. Late forms of AMD occurred in 0.1% of the 43-54 age 
group with exudative AMD. In subjects 75 years and older, wet 
AMD was found in 5.2% and geographic atrophy in 2.0% [16].

In the age group 49-54 years, the Blue Mountain Eye Study in 
Australia found signs of early AMD in 1.3% of subjects, but no 
signs of any stage of late AMD. There was a slight increase in 
early AMD stages with 2.6% in subjects 55-64 year of age and 
0.2% had late stages of AMD. In the 65-74 age group, 8.5% 
of subjects had early changes and 0.7% had late stages [17].

In the 1418 fundus images available, there was a correlation 
between AMD and level of education. The fewer years of edu-
cation, the higher the risk for any form of AMD (Figure 4), es-
pecially in men. Zou et al also showed a correlation between 
lower education level and AMD [28]. Similar results were found 
in the Hainan Study for all forms of AMD [29]. Cackett et al 
found an association with early forms of AMD [30]. It can there-
fore be assumed that a low educational level can be associ-
ated with a lower awareness of factors for health and illness. 
Low socioeconomic status is associated with various chronic 
diseases like coronary heart disease, stroke, and some cancers 
[9,31], especially in men [32]. These health problems are often 
linked to a poor diet. The diet of individuals with a low socio-
economic status tends to be higher in fat and low in nutrients 

Variable
Gradeable fundus image

p*
No (n=1089) Yes (n=1418)

Age; years 	 64	 (53; 74) 	 52	 (43; 62) <0.001

Females 48.5% 54.0% 0.007

Educational years 	 12	 (11; 15) 	 13	 (11; 15) 0.494

Smoking status

0.617
	 Never 34.1% 35.7%

	 Former 45.9% 45.6%

	 Current 20.0% 18.7%

Physical activity 69.5% 70.4% 0.622

Body mass index; kg/m2 	 27.9	 (25.1; 31.3) 	 27.0	 (24.2; 30.2) 0.001

Waist circumference; cm 	 98	 (89; 108) 	 94	 (84; 104) <0.001

HbA1c; % 	 5.6	 (5.4; 6.00) 	 5.5	 (5.3; 5.7) <0.001

Type 2 diabetes 14.1% 6.4% <0.001

Total cholesterol; mmol/L 	 5.4	 (4.5; 6.1) 	 5.3	 (4.6; 6.1) 0.980

Low-density lipoprotein cholesterol; mmol/L 	 3.3	 (2.6; 4.0) 	 3.3	 (2.7; 3.9) 0.330

High-density lipoprotein cholesterol; mmol/L 	 1.44	 (1.17; 1.75) 	 1.46	 (1.21; 1.78) 0.301

Triglycerides; mmol/L 	 1.41	 (0.94; 2.04) 	 1.17	 (0.82; 1.76) <0.001

Hypertension 58.8% 38.6% <0.001

High-sensitive C-reactive protein; mg/L 	 1.27	 (0.67; 2.90) 	 1.11	 (0.57; 2.35) 0.001

Ferritin; µg/L 	 102	 (53; 191) 	 86	 (42; 170) 0.002

Thyroid-stimulating hormone; mIU/L 	 1.27	 (0.86; 1.75) 	 1.27	 (0.90; 1.80) 0.943

Free triiodothyronine; pmol/L 	 4.5	 (4.1; 4.8) 	 4.5	 (4.2; 4.9) 0.006

Free thyroxin; pmol/L 	 13.0	 (11.9; 14.3) 	 12.9	 (11.8; 14.0) 0.183

Table 3. Comparison of subjects with and without gradable fundus images in the SHIP-TREND-1 cohort.

Data are reported as median, 25th and 75th percentile for continuous variables or as percentage for categorical data; * p-values were 
derived from Mann-Whitney-U test for continuous data or from c2-tests for categorical data.
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such as sodium, magnesium, vitamin C, folic acid, and iron [31]. 
In the SHIP-TREND-0 and in SHIP-TREND-1 studies, no associa-
tion between diet and AMD could be determined, presumably 
because it was not possible to identify clear dietary patterns. 
Nevertheless, there seems to be a connection. A diet rich in 
fruit and vegetables and fish shows an overall protective effect 
against AMD [33]. The AREDS study was also able to demon-
strate a protective effect on the progression of early AMD for 
certain dietary supplements such as vitamins C and E, zinc, lu-
tein, zeaxanthin, and omega-3 fatty acids [11,34]. These sup-
plements are found in the Mediterranean diet with a high pro-
portion of vegetables and fruit as well as fish. Several studies 
on the Mediterranean diet have shown a reduced risk of pro-
gression to late stages of AMD and reduced formation of large 
drusen [33-36]. These antioxidants lead to a reduction of ox-
idative stress and inflammatory reactions, which are impor-
tant in the pathogenesis of AMD. Oxidative stress also plays 
a role in fat metabolism and in the regulation of lipoproteins. 
Our examination of blood lipid levels showed an association 
of AMD with lower HDL, which was, however, more common 
in women, but this was not found in the SHIP-TREND-0 study. 
Other studies have shown inconsistent results regarding AMD 
and lipid levels, but an association with HDL cholesterol was 
most commonly reported, while other lipoproteins were rarely 

identified [37]. A sex-dependent association of AMD in rela-
tion to the expression of lipoproteins was also reported [38]. 
Some studies have suggested that AMD progression in women 
follows other processes due to estrogen. Estrogen may have a 
protective effect and can lead to changes in serum lipids with 
higher HDL molecule levels and have antioxidant properties, 
although these disappear after menopause [38]. HDL in partic-
ular plays a central role through regulation of the complement 
system. Genetic studies showed the presence of complement 
factors and inflammatory proteins in HDL molecules [39]. In a 
metabolomics analysis, a total of 60 metabolites were found 
to be associated with AMD. In particular, an association was 
found between AMD and very high and high HDL as well as 
with low VLDL. Furthermore, a strong association of genetic 
variants in or next to genes involved in lipid metabolism was 
found. In further analysis, 57 of the 60 metabolites identified 
in association with AMD were significantly associated with the 
complement system. This again highlights the complexity of 
the pathogenesis and the need to develop multimodal thera-
peutic approaches [40].

Smoking is the most important modifiable risk factor for AMD 
and is a major trigger of oxidative stress and inflammation. 
Smoking leads to reduction of macular pigment, deterioration 
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of choroidal blood flow, and reduction of protective serum an-
tioxidants [41,42]. In our study, there was a positive associa-
tion between smoking and AMD in men, while women showed 
an inverse relationship. This fact could not be clarified through 
our literature research or through a revision of our data and is 
not compatible with the previous general results on smoking 
as the most important risk factor for AMD. Regarding smoking 
as a risk of AMD, further investigations are needed in the fol-
low-ups of SHIP-TREND-1. We currently assume a there is bias. 
In SHIP-TREND-0, smoking was not associated with AMD in 
men or women. Overall, over 30% of the subjects were young-
er than 40 years in the baseline cohort and only a few late 
forms of AMD were found, so the damage caused by smoking 
and oxidative stress was not yet clearly visible.

Another factor in relation to inflammation and lipoprotein lev-
els is body fat. We found an association with AMD and high 
BMI only in men in our cohort. Similar results were also found 
in other studies. In the work of Seddon et al, a correlation be-
tween increased BMI and the progression to late AMD was dem-
onstrated, and the relative risk increased with BMI [43]. In this 
context, an association between AMD and waist circumference, 
as a parameter related to abdominal fat, has also been reported 
[43]. BMI was also shown to be positively associated with AMD 
in SHIP-TREND-0, but for the entire cohort. The same applies to 
waist circumference in SHIP-TREND-0, which could not be prov-
en as an association in SHIP-TREND-1. A closer look at the sub-
jects revealed no obvious cause for this discrepancy, so there 
may be a selection bias due to the exclusion of 1040 subjects.

Furthermore, Graves’ disease is also associated with AMD due 
to an increase in oxidative metabolism and the increased for-
mation of free oxygen radicals [44]. In this regard, the investi-
gation is being carried out for the first time in SHIP-TREND-1. 
SHIP-TREND-0 did not collect any data on this for AMD. There 
is evidence that thyroid hormones can affect the retinal pig-
ment epithelium [45], while TSH itself leads to photoreceptor 
damage [46]. In the Rotterdam Study, elevated fT4 was asso-
ciated with the occurrence of AMD [45]. Similar results were 
obtained in the Blue Mountain Eye Study [47] and a case-con-
trol study by Hung et al [48]. The consideration of hyperthy-
roidism was related to TSH and fT4. In our study, however, only 
fT3 was found to be associated with AMD (Figure 5C). Thyroid 
function influences other metabolic processes, such as lipid 
metabolism. fT3 is more biologically active than the prohor-
mone fT4 [49]. A cross-sectional study by Post et al showed a 
connection between increased fT3 values and increased HDL 
cholesterol particle concentration, but not directly with HDL 
cholesterol. It therefore supports our assumption that there 
could be an indirect connection with AMD via lipid metabo-
lism. It is believed that the association between fT3 and circu-
lating lipoproteins and lipids is more relevant than an associ-
ation with fT4, and increased fT3 leads to increased synthesis 

of HDL particles [50,51]. Further investigations are needed to 
clarify the relationship of thyroid hormones with AMD.

Regarding blood pressure, HbA1c, CRP, and ferritin, there are in-
consistent results in the literature. In particular, the connection 
with blood pressure as another cardiovascular risk factor along-
side dyslipidemia and smoking could not always be reproduced 
as a risk factor for AMD, for example in the Beaver Dam Eye 
Study [37], while a meta-analysis by van Lookeren Campagne 
found a significant association between elevated blood pres-
sure and AMD [52]. The situation is similar with HbA1c, which 
has been shown to be associated primarily with late forms of 
AMD [53]. Elevated CRP and decreased ferritin are also associ-
ated with AMD by promoting oxidative stress [8,54,55].

A main limitation of this study is the predominantly White 
population, which limits the ability to generalize our study re-
sults. To ensure comparability within the SHIP-TREND study 
and across Europe, the grading was carried out using the 
Rotterdam classification. Other international grading systems 
are slightly different, so there are minor deviations, particularly 
in the classification of early and intermediate stages. Another 
important limitation of this study is that a total of 1040 fun-
dus images had to be excluded due to low image quality or 
unclear lesions. Pictures of older persons with corresponding 
risk factors were especially affected by this, so a selection bias 
exists and limits the generalizability of this study (Figure 4); 
turbidity of the refractive media (ie, the presence of a cata-
ract) was a major cause of this. The exclusion of fundus pho-
tographs of older subjects due to low image quality probably 
means that not all late AMD cases could be identified and in-
cluded. This shows that the risk factors discussed here should 
be classified in connection with early and intermediate forms 
of AMD and therefore also for younger individuals. In addition, 
out of consideration for other examinations, the pupil was not 
dilated and a non-mydriatic camera was therefore used. We 
assume that an examination under medical mydriasis would 
lead to higher image quality and more gradable images. The 
main strength of this study is the population-based design 
and the large number of subjects and variables investigated.

Conclusions

Our analysis of AMD risk factors showed an association with 
lipid and thyroid metabolism in the overall cohort and, particu-
larly in men, with smoking and obesity. These factors and met-
abolic pathways are involved in the development of oxidative 
stress. There is a need to take the different metabolic pathways 
into account in patient care and the development of therapy 
concepts, especially for dry AMD. Due to the association with 
educational level, there is a possible connection with socioeco-
nomic factors. Further investigations are needed in this regard.
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