
Age-related macular degeneration (AMD) is a multifac-
torial progressive disease that is one of the leading causes of 
visual impairment in the industrialized world. The disease is 
recognized by the presence of drusen and RPE abnormalities 
in the macula [1]. However, neither the formation of drusen 
nor RPE abnormalities are restricted to the macula [2-6]. 
Although histopathological findings and numerous clinical 
studies have pointed out the high prevalence of extramacular 
or peripheral changes in patients with AMD [2-9], the most 
accepted AMD classifications and grading schemes are 
limited to the posterior pole [10-12].

Multiple genetic variants involved in the comple-
ment system, extracellular matrix, and lipid metabolism 
contribute to AMD pathogenesis and drusen formation in 
the macula [13]. Additionally, non-genetic risk factors, such 

as aging, obesity, smoking, and increased sunlight exposure 
during young ages, are thought to be involved [14]. Despite 
increasing knowledge about risk factors for drusen formation 
within the macula, little is known regarding extramacular 
drusen (EMD). Contradictory associations of EMD with 
major AMD-associated polymorphisms in the complement 
Factor H (CFH) gene (Gene ID: 3075, OMIM 134370) and 
smoking have been reported [2-4,6].

This study aimed to investigate several genetic and 
non-genetic risk factors for the presence of EMD in patients 
with and without AMD. Furthermore, we aimed to create a 
multivariate prediction algorithm for the presence of EMD.

METHODS

This case-control study evaluated 2,278 individuals from 
EUGENDA (multicenter European Genetic Database). The 
EUGENDA database was designed to prospectively collect 
questionnaires, imaging data, and blood samples to evaluate 
genetic and non-genetic risk factors in patients with AMD 

Molecular Vision 2020; 26:661-669 <http://www.molvis.org/molvis/v26/661>
Received 8 January 2020 | Accepted 2 October 2020 | Published 4 October 2020

© 2020 Molecular Vision

661

Genetic and environmental risk factors for extramacular drusen

Lebriz Altay,1 Xavier Subiras,1,2 Laura Lorés de Motta,3,4 Tina Schick,1,2,6 Aileen Berghold,2 Carel B. Hoyng,3 
Anneke I. den Hollander,3,4 Sascha Fauser,1 Srinivas R. Sadda,5 Sandra Liakopoulos1,2

(The first two authors contributed equally to the manuscript.)

1Department of Ophthalmology, University of Cologne, Faculty of Medicine and University Hospital Cologne, Germany; 
2Cologne Image Reading Center, Department of Ophthalmology, University of Cologne, Faculty of Medicine and University 
Hospital Cologne, Germany; 3Department of Ophthalmology, Donders Institute for Brain, Cognition and Behaviour, Radboud 
university medical center, Nijmegen, the Netherlands; 4Department of Human Genetics, Donders Institute for Brain, Cognition 
and Behaviour, Radboud university medical center, Nijmegen, the Netherlands; 5Doheny Eye Institute, UCLA, Los Angeles, CA; 
6AugenZentrum Siegburg, MVZ ADTC Siegburg GmbH, Siegburg, Germany

Purpose: To analyze risk factors for extramacular drusen (EMD) in patients with age-related macular degeneration 
(AMD) and healthy control individuals.
Methods: This case-control study included 1,520 patients from the prospective multicenter European Genetic Database 
(EUGENDA). Color fundus photographs and optical coherence tomography scans were evaluated for the presence of 
AMD and EMD. EMD was considered present if ten or fewer drusen including at least one intermediate-sized drusen 
were detected outside the macula. Association of EMD was evaluated with various genetic and non-genetic risk factors 
(31 single nucleotide polymorphisms, systemic complement activation, smoking, cardiovascular factors, and sunlight 
exposure) using logistic regression models adjusted for age, gender, and AMD.
Results: EMD was found in 608 subjects (40%) and AMD in 763 (50%) of 1,520 participants. EMD was strongly associ-
ated with AMD (p = 2.83 × 10−63, odds ratio [OR] 7.63). After adjustment for AMD, age (p = 0.06, OR 1.02), female 
gender (p = 3.34 × 10−24, OR 4.44), history of sunlight exposure ≥ 8 h /day (p = 0.0004, OR 1.99), serum complement 
activation (p = 0.004, OR 1.61), and polymorphisms in ARMS2 (p = 0.00016, OR 1.43) and CFI (p = 0.043, OR 1.20) 
were identified as risk factors for EMD. The final prediction model including these variants showed an area under the 
curve of 0.820.
Conclusions: The comprehensive analysis of various risk factors revealed a common genetic and pathological pathway 
of EMD with AMD. Future longitudinal studies are needed to evaluate the role of EMD in otherwise healthy subjects 
as an expanded phenotype of AMD.
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and healthy control persons older than 55 years of age. The 
study was performed according to the Declaration of Helsinki 
and the Medical research Involving Human subjects Act 
(WMO), adhered to the ARVO statement on human subjects 
and was approved by the ethics committee of the University 
hospitals of Cologne (Germany) and Nijmegen (Netherlands). 
Before enrollment in EUGENDA, written informed consent 
was obtained from all participants.

Questionnaires: Medical data obtained from interviewer-
assisted questionnaires included age, gender, body mass 
index (BMI; categorized as < 18.5, 18.5–25.0, ≥ 25.0), history 
of cardiovascular risk factors (CVS; myocardial infraction, 
stroke and history of transient ischemic attack, categorized 
as yes/no), hypertension (yes/no), diabetes (yes/no), allergy 
(yes/no), history of smoking (categorized as never/ever), and 
history of past sunlight exposure (categorized as < 4 h/day, 
4–8 h/day, ≥ 8 h/day).

Retinal imaging and grading: Grading of images was 
performed by certified reading center graders (LA, TS, AB), 
as previously described. The presence of AMD and EMD was 
evaluated using color fundus photography (Cologne: Canon 
UVI fundus camera using a 40° field of view; Canon, Tokyo, 
Japan, and Nijmegen: Topcon TRC 50IX fundus camera using 
a 50° field of view; Topcon). Spectral domain optical coher-
ence tomography (SD-OCT, Spectralis HRA system; Heidel-
berg Engineering, Heidelberg, Germany) was additionally 
used to differentiate between drusen and RPE abnormalities, 
and to identify signs of choroidal neovascularization (CNV) 
and geographic atrophy. If available, fluorescein angiography 
(FA) images were also evaluated.

In this study, EMD was considered present if at least ten 
drusen were detected on the field of two images outside the 6 
mm Early Treatment Diabetic Retinopathy Study (ETDRS) 
grid, including at least one intermediate-sized drusen (63–124 
µm; Figure 1). Cases with one to nine drusen or with only 
drusen less than 63 µm regardless of the number were defined 
as threshold cases and were excluded from analysis.

AMD was defined as the presence of either small 
macular drusen (< 63 µm) in combination with pigmentary 
changes, intermediate-sized drusen (63–124 µm), or large 
drusen (≥ 125 µm) within 6 mm of the ETDRS grid centered 
on the fovea. Late forms of AMD included the presence of 
CNV and any geographic atrophy or either.

Serum measurements and genotyping: Peripheral blood 
samples for genetic analyses and complement measure-
ments were obtained by standard protocol. Serum samples 
were centrifuged after coagulation by room temperature and 
were stored at -80 °C within 1 h of collection. Complement 

activation levels (ratio between activation fragment C3d and 
complement component C3 (C3d/C3 ratio)) were measured 
in serum as previously described [15]. Genotyping was 
performed for 41 single nucleotide polymorphisms (SNPs) in 
AMD-associated genes using the KASPar SNP Genotyping 
System (LGC Genomics, Berlin, Germany; Appendix 1). 
Only SNPs with minor allele frequency ≥ 0.1 were tested in 
this analysis (n = 31).

Statistical analysis: All AMD-associated variables were 
assessed to determine their association with presence of EMD 
using logistic regression models adjusted for age, gender and 
AMD (yes/no), unless otherwise mentioned. Thereafter, 
variables with a p value of less than 0.10 were selected for 
inclusion in the multivariable logistic regression model. The 
discriminative accuracy of this model was evaluated using 
receiver operating characteristic (ROC) curves and calcula-
tion of their corresponding area under the curve (AUC) for 
different subgroups. Statistical analysis was performed using 
IBM SPSS Statistics software, version 22.0 (IBM Corpora-
tion, Armonk, NY).

RESULTS

Of 2,278 individuals available in the EUGENDA cohort, a 
total of 445 cases were excluded from analysis due to insuf-
ficient quality of the retinal images, absent retinal images 
of both eyes, or the presence of confounding retinal disease 
(e.g., diabetic maculopathy, high myopia [≥ –6 diopters], or 
retinal detachment). Of the remaining 1,833 cases, EMD 
was considered present in 608 subjects (33%), whereas no 
EMD was seen in 912 subjects (50%). A total of 313 cases 
(17%) were assessed as “threshold” cases (one to nine drusen 
outside the ETDRS grid or only small drusen) and were 
excluded from further analysis, leaving 1,520 cases in the 
final analysis cohort. In this cohort, AMD was present in 763 
patients (50%). The baseline characteristics of all cases are 
shown in Table 1.

Risk factors for the presence of EMD:

AMD phenotype—The presence of EMD was strongly 
associated with AMD (p = 2.83 × 10−63, odds ratio [OR] 7.63, 
95% confidence interval (CI): 6.06–9.66). EMD risk was 
higher in eyes with late AMD (p = 1.70 × 10−51, OR 11.25, 
95% CI:8.17–15.31) compared to eyes with early or interme-
diate AMD (p = 4.89 × 10−30, OR 5.70, 95% CI:4.23–7.69).

Genetic risk factors—Among the 31 tested SNPs, only 
ARMS2 rs10490924 (Gene ID: 387715, OMIM 611313) and 
CFI rs10033900 (Gene ID: 3426, OMIM 217030) were asso-
ciated with the presence of EMD in the logistic regression 
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analyses adjusted for age, gender, and AMD (yes/no): ARMS2 
rs10490924 (p = 0.00016, OR 1.43 and CFI rs10033900 (p = 
0.043, OR 1.20). In contrast, the CFH rs1061170 risk allele 
showed no statistically significant association with the pres-
ence of EMD (p = 0.40, OR 1.08; Appendix 1). Associations 
of tested SNPs with AMD are provided in Appendix 2.

Non-genetic risk factors—After adjustment for AMD, 
the presence of EMD was associated with age (p = 0.06, 

OR 1.02, 95% CI:1.00–1.03) and female gender (p = 3.34 × 
10−24, OR 4.44, 95% CI:3.33–5.91). Of all patients with EMD, 
74.7% were female, whereas gender distribution among AMD 
patients was 61.3% female versus 38.6% male (female gender 
in AMD: p = 0.065 OR 1.23).

Furthermore, EMD was associated with the systemic 
complement activation C3d/C3 ratio (p = 0.004, OR 1.61, 95% 
CI:1.16–2.25) and with a history of sunlight exposure ≥ 8 h (p 

Figure 1. Example of the extramacular drusen phenotype.
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= 0.0004, OR 1.99, 95% CI:1.35–2.92). History of smoking, 
hypertension, cardiovascular disease, diabetes, allergy, and 
increased BMI were not associated with EMD.

Multivariate analysis—We performed a multivariate 
final prediction model for the presence of EMD including all 
significantly associated parameters: age, gender, SNPs in the 
ARMS2 and CFI genes, AMD severity (early/intermediate or 
late AMD), C3d/ C3 ratio, and history of sunlight exposure ≥ 
8 h (Table 2). Analysis of the ROC curve of this risk predic-
tion model for EMD revealed an AUC of 0.820.

Subgroup analysis of cases with no AMD: Of 757 subjects 
without AMD, EMD was detected in 18% of cases (n = 134). 
The mean age of this subgroup was 71.06 ± 5.830 years, 
which was statistically significantly different in comparison 
to patients with AMD and EMD (mean age 75.58 ± 8.450 
years, p<0.001). Systemic complement activation levels 
were not statistically significantly different between the two 
groups (p = 0.29).

Applying the multivariate final prediction model on 
the subgroup of cases with no AMD to avoid bias caused 

Table 1. Baseline characteristics of all subjects.

Baseline characteristics No EMD EMD p-value
Number of patients, n 912 608  
Female sex, n (%) 440 (48.2%) 454 (74.7%) p<0.001*
Age (years), mean ±SD 71.20±10.17 74.51±8.02 p<0.001 *
AMD status   p<0.001*
No AMD, n (%) 623 (68.3%) 134 (22.0%)  
Early/intermediate AMD, n (%) 158 (17.3%) 188 (30.9%)  
Late AMD, n (%) 131 (14.4%) 286 (47.0%)  
C3d/C3 Ratio (ln), mean ±SD 1.41±0.40 1.51±0.40 p<0.001†
Ever smoked, n (%) 482 (52.85%) 257 (42.27%) p<0.001*
Hypertension, n (%) 299 (32.79%) 204 (33.55%) p=0.220*
Cardiovascular diseases, n (%) 154 (16.89%) 97 (15.95) p=0.525*
BMI ≥25, n (%) 497 (54.50%) 289 (47.53%) p=0.023*
Diabetes, n (%) 77 (8.44%) 47 (7.73%) p=0.561*
Allergy, n (%) 177 (19.41%) 111 (18.26%) p=0.484*
Sunlight exposure ≥8h, n (%) 82 (8.99%) 96 (15.79%) p<0.001*
Total cholesterol (mmol/l), mean ±SD 5.71±1.22 5.91±1.16 p=0.003†
HDL cholesterol (mmol/l), mean ±SD 1.42±0.37 1.56±0.37 p<0.001†
Triglyceride (mmol/l), mean ±SD 1.96±0.99 1.72±0.89 p<0.001†

AMD: Age-related macular degeneration, BMI: Body mass Index, EMD: Extramacular drusen, HDL: High density lipoprotein, *Chi-
square Test, † Mann–Whitney-U Test, In: natural logarithm of.

Table 2. Multivariate prediction model for the presence of extramac-
ular drusen (EMD) compared to the subjects without EMD.

Locus name OR CI 95% p-Value
Age 1.02 1.00–1.04 0.10
Female Gender 5.00 3.61–6.93 3.49*10−22

ARMS2 rs104909 1.50 1.19–1.89 0.001
CFI rs10033900 1.17 0.95–1.44 0.141
Sunlight exposure history 2.07 1.34–3.20 0.001
Complement activation C3d/C3 1.65 1.14–2.39 0.009
Early forms of AMD versus no AMD 4.86 3.41–6.92 2.32*10−18

Late forms of AMD versus no AMD 8.11 5.37–12.25 2.23*10−23

AMD: Age-related macular degeneration, CI: Confidence Interval, EMD: Extramacular drusen, OR: Odds ratio,
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by AMD severity (Table 3), we calculated a similarly strong 
predictive value with an AUC of 0.737.

DISCUSSION

Although an association of extramacular or peripheral retinal 
changes with AMD has been described in several previous 
reports [2-9], extramacular and peripheral changes may 
also be present in around 10%–31% of eyes with an other-
wise completely healthy macula [7,16,17]. It is still unclear 
whether these extramacular or peripheral changes represent 
risk factors for development of AMD. After comprehensive 
analysis of genetic and non-genetic risk factors, we could 
show that age, female gender, history of sunlight exposure ≥ 8 
h daily, serum complement activation, and polymorphisms in 
ARMS2 and CFI are most predictive for the presence of EMD 
even if adjusted for the presence of AMD. These findings 
support the hypothesis of a common genetic and pathological 
pathway of EMD and AMD.

A role of local inflammation in macular drusen biogen-
esis due to dysregulation of the complement cascade was 
discussed in the early 2000s, as increased level of complement 
expression was found in human maculas [18]. Supporting 
the prominent role of dysregulated complement activation 
in the formation of EMD, we also found an association of 
EMD with increased systemic complement activation, and 
variants in the CFI gene. These findings suggest a possible 
pathological overlap between AMD and EMD formation with 
respect to complement system dysregulation. In this study, we 
found no association of EMD with the key AMD polymor-
phism CFH Y402H rs1061170, in concordance with previous 
reports [6,19]. This may be due to the smaller effect of this 
polymorphism on this specific EMD phenotype. Previous 
studies demonstrated an association between CFH Y402H 
and EMD; however, in those studies no stratification for the 
AMD phenotype was performed [2,4]. In contrast to other 
studies reporting an association of peripheral RPE changes 
with CFH polymorphisms [4,19], in this study we did not 

evaluate peripheral changes except EMD. Thus, the role of 
CFH Y402H for the development of peripheral age-related 
changes remains to be evaluated carefully in larger cohorts.

In this study, we detected a significant association 
between EMD and polymorphisms in the ARMS2 and HTRA1 
(Gene ID: 5654, OMIM: 602194) genes, after adjustment for 
age, gender, and AMD. The association of EMD with ARMS2 
and HTRA1 is a novel finding, which we did not detect in a 
previous study that included only 213 EMD cases, and thus, 
had limited power. Both genes are highly associated with 
AMD, and are involved in extracellular matrix (ECM) and 
Bruch’s membrane (BrM) homeostasis [20-22], regulation 
of angiogenesis [23,24], and microglial cell activity [25,26]. 
An altered composition of BrM due to genetic predisposition 
may facilitate accumulation of macular and extramacular 
drusen [27] and may lead to an anti-inflammatory response 
involving complement cascade activation [26,28-31].

In this study, female gender was statistically significantly 
associated with EMD, but not with AMD. One possible 
explanation for an association of age-related findings with 
female gender is selection bias due to longevity. In the present 
cohort, however, the patients with EMD were significantly 
younger than the patients with AMD; thus, this does not seem 
to be a plausible explanation. Whether gender is a modifying 
factor for the presence of macular drusen is controversially 
discussed in the literature [32-34]. However, in line with 
results from this study, a recent genome-wide study that 
included more than 30,000 cases and controls revealed no 
association between gender and development of late AMD 
[35]. The reason for the strong association between female 
gender and EMD remains to be evaluated in further studies.

Although numerous studies have linked photo-oxidative 
stress to AMD pathogenesis and investigated the role of 
sunlight exposure as a risk factor for AMD, the results are 
inconsistent [36-44]. In this study, we identified sunlight 
exposure during previous working life (≥ 8 h daily) as an 
important risk factor for the development of EMD. Although 

Table 3. Multivariate prediction model for extramacular drusen (EMD) 
for subjects without age-related macular degeneration.

Locus name OR CI 95% p-Value
Age 1.03 0.99–1.06 0.194
Female Gender 6.57 3.77–11.46 3.38* 10−11

ARMS 2rs104909 1.47 1.03–2.09 0.033
CFI rs10033900 1.31 0.97–1.78 0.079
Sunlight exposure history 2.01 1.00–4.07 0.051
Complement activation C3d/C3 1.72 0.99–2.98 0.053

AMD: Age-related macular degeneration, CI: Confidence Interval, EMD: Extramacular drusen, OR: Odds ratio
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the exact pathogenic mechanism is not yet fully understood, 
identification of EMD at younger ages may prove to be a 
warning sign, which may trigger appropriate patient educa-
tion and risk factor modification. Further longitudinal studies 
will be required, however, to confirm that EMD alone poses 
a risk for the development of subsequent AMD.

The frequency of EMD reported in the literature shows 
great variability due to discrepancies between cohorts 
regarding AMD severity, imaging modalities and protocols, 
and definitions of AMD and EMD. Various non-population-
based studies evaluating drusen located outside the central 
30° report a frequency of “peripheral drusen” of between 7% 
and 60% [2,4,5]. Lengyel et al. reported in their population-
based study a frequency of 68% for peripheral drusen, with 
57% of those patients classified as AMD [16]. The present 
result is in agreement with those results, revealing EMD 
in 62% of patients with AMD. However, Age-Related Eye 
Disease Study 2 (AREDS 2) reported peripheral drusen in 
almost every patient with AMD (98%) [7]. Histopathological 
studies demonstrated peripheral drusen in 88% of cases with 
macular degenerative abnormalities [3]. In line with these 
studies, and in agreement with our previous report [6], we 
can conclude that the presence of EMD is strongly associ-
ated with AMD. Nevertheless, even subjects with no signs 
of AMD may develop EMD: in AREDS 2, peripheral drusen 
were detected in 24% of cases without AMD [7], Lengyel 
et al. reported 10% peripheral changes in otherwise healthy 
subjects [16], and Nivison-Smith reported peripheral retinal 
findings in 31% of healthy subjects [17]. In this study, we 
report EMD in 18% of eyes without macular drusen and 
pigmentary changes. To understand the clinical relevance of 
those findings, longitudinal studies are needed to evaluate 
whether patients without current macular pathology may 
develop AMD in the future.

In an important limitation of this study, no ultrawidefield 
imaging was used. Furthermore, this study was a case-control 
study without longitudinal data, and thus, it remains unclear 
whether subjects without macular abnormalities in this study 
develop AMD in over time. Longitudinal observational 
studies are required to evaluate the long-term outcome in 
patients with EMD but without macular abnormalities. Only 
long-time observation may reveal whether EMD should be 
considered an expanded phenotype of AMD or not.

In this study, the analysis of genetic and environmental 
risk factors was restricted to those known to be risk factors 
for AMD; thus, there may remain unknown risk factors for 
EMD development. We attempted to minimize confounding 
factors by using a multivariate approach. Additionally, the 

sample size was limited, and larger studies may reveal further 
genetic associations, which were not statistically significant 
in this study.

In this study, we considered EMD to be present only if 
at least ten drusen were detected outside the ETDRS grid, 
including at least one intermediate-sized druse, in contrast to 
other studies that did not require specific minimum criteria 
regarding the size or number of drusen. With this approach, 
we aimed to exclude patients with only extramacular drupe-
lets (small drusen < 63 µm diameter) or basal laminar drusen. 
Yet, the removal of threshold cases (1-9 drusen outside the 
ETDRS grid or only small drusen) might have caused also 
selection bias, since a large proportion of individuals were 
excluded from the analysis. Nevertheless, to the best of our 
knowledge, this is the first comprehensive study to analyze 
the combined effect of various genetic and non-genetic AMD 
risk factors on the presence of EMD.

In conclusion, we report a novel prediction model for the 
presence of EMD including various genetic and non-genetic 
risk factors. Predictive factors in this model include female 
gender, history of sunlight exposure ≥ 8 h/day, serum comple-
ment activation, and polymorphisms in ARMS2 and CFI; 
thus, suggesting involvement of BrM, RPE abnormalities, 
and inflammatory processes in the pathogenesis of EMD. 
As AMD is a multifactorial disease, phenotypical changes 
such as EMD may present earlier in life and precede macular 
drusen. Therefore, longitudinal studies including subjects 
with EMD without macular abnormalities are needed to 
answer this question. If confirmed, the detection of the EMD 
phenotype may be a prompt for the physician to counsel the 
patient regarding modifiable risk factors and the need for 
close follow-up.

APPENDIX 1. ASSOCIATION OF TESTED SNPS 
WITH PRESENCE OF EMD, ADJUSTED FOR AGE, 
GENDER, AMD (YES/NO).

To access the data, click or select the words “Appendix 1.” 
AMD: Age-related macular degeneration, CI: Confidence 
Interval, EMD: Extramacular drusen, OR: Odds ratio.

APPENDIX 2. ASSOCIATION OF TESTED SNPS 
WITH PRESENCE OF AMD, ADJUSTED FOR AGE 
AND GENDER.

To access the data, click or select the words “Appendix 2.” 
AMD: Age-related macular degeneration, CI: Confidence 
Interval, EMD: Extramacular drusen, OR: Odds ratio
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