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Abstract

Purpose The purpose of the study was to
investigate the association between area and
presence of geographic atrophy (GA) and
renal function, as measured by glomerular
filtration rate (GFR).
Patients and methods We retrospectively
identified patients aged 50–90 years who were
assigned an ICD-9 diagnosis code for age-
related macular generation (AMD) between
January 2012 and January 2016. Patients met
inclusion criteria if they had at least one
macular spectral domain optical coherence
tomography volume scan, one provider note,
and one GFR value in the electronic medical
record. Images were evaluated for the
presence of GA, area of GA, drusen, and
subretinal drusenoid deposits (SDD) and for
subfoveal choroidal thickness (CTh) by
standard criteria. Imaging findings were
correlated with the most recent GFR from the
patient’s chart.
Results We identified 107 patients who met
our inclusion criteria (mean age= 74 years,
range 50–90 years). Overall, we found a
significant correlation between the presence
of GA and reduced GFR (P= 0.002), which
was maintained even after accounting for age
and other confounders. No association
between GFR and GA area was found. CTh
was significantly lower in patients with GA
(P= 0.038) and those with decreased GFR
(P= 0.004). Within the SDD-positive
population, GA was associated with reduced
GFR (P= 0.007) but only trended toward
significance after controlling for age.
Conclusion Our study findings demonstrate
an association between impaired renal
function and the presence, but not area, of
GA within an AMD population. These
findings may shed light on common

pathogenic mechanisms for these two
diseases.
Eye (2017) 31, 62–67; doi:10.1038/eye.2016.261;
published online 11 November 2016

Introduction

Age-related macular degeneration (AMD) is the
leading cause of visual impairment in the
developed world.1 A systemic review by Wong
et al. estimated that in 2020 the number of
individuals affected by AMD will be 196 million
globally.2 In the UK alone, it is estimated that there
are 71 000 new cases of late AMD per year.3

Advanced AMD is characterized by
choroidal neovascularization and/or geo-
graphic atrophy (GA) of the retinal pigment
epithelium (RPE).4 Although less prevalent
than early AMD, vision loss is far more severe
in advanced disease.
A number of studies have demonstrated a

link between ocular and renal health.
Specifically, AMD and chronic kidney disease
(CKD) share many risk factors including
hypertension, diabetes, and smoking.
Hypertension is a particularly interesting
common risk factor due to its role in kidney
disease and possibly in the development of
choroidal atherosclerosis leading to AMD.5

The Blue Mountains Eye study was among the
first to demonstrate a link between CKD and
AMD. It showed that patients with moderate
CKD were three times more likely to develop
early AMD.6 Other studies have shown that
patients with advanced renal impairment
undergoing dialysis have a 1.72-fold higher risk
of AMD than patients without a history of
kidney disease.7

Both early and late AMD have been shown
to be independently associated with renal
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impairment. Choi et al.8 showed a significant association
between early AMD and CKD even after adjusting for
age, gender, body mass index, C-reactive protein level,
smoking status, hypertension, and diabetes mellitus. The
National Health and Nutrition Examination Survey
(NHANES) III study showed that lower GFR was
independently associated with late AMD (odds
ratio= 3.05, 95% confidence interval= 1.51–6.13).9

The purpose of this study was to investigate the
relationship between the presence and area of GA and
renal impairment, as defined by a reduced GFR, in
patients with AMD.

Subjects and methods

Participants

We obtained Institutional Review Board approval from
New York University (NYU) School of Medicine. We
collected data in a HIPAA-compliant fashion, and all
research methods adhered to the principles of the
Declaration of Helsinki. We identified patients
retrospectively, from NYU Langone Medical Center's
electronic health record (EHR), who had attended an
ophthalmology outpatient clinic at the NYU Faculty
Group Practice with a diagnosis of AMD. Inclusion
criteria for this study were a diagnosis of AMD as
determined by ICD-9 code (362.50, 362.52, 362.51, or
362.57) assigned between January 2012 and January 2016,
at least one high-quality macular spectral domain optical
coherence tomography (SD-OCT) volume scan, one GFR
value, and one provider note in the EHR.

Image analysis

All SD-OCT images were obtained using a single
Heidelberg Spectralis HRA+OCT (Heidelberg
Engineering, Inc., Vista, CA, USA) with eye-tracking
capability. Volume scans consisted of 16 horizontal lines,
with an average of 9 B-scans per line, in a 15 × 20°
rectangular pattern. In cases where imaging had been
performed on more than one occasion, we selected the
most recent SD-OCT image set. Infrared reflectance (IR)
images were composed from the SD-OCT images using
the composition button available on the Spectralis.
All SD-OCT images were evaluated for the presence of

drusen, GA, and subretinal drusenoid deposits (SDD) by
a blinded trained reader (HBL), with an expert second
reader (RTS) called if there was any ambiguity. In cases in
which the posterior border of the choroid was identifiable
on SD-OCT, one trained reader (MA) measured images
for subfoveal choroidal thickness (CTh) using the
ruler tool on the Heidelberg Eye Explorer software
(Heidelberg, Germany). We defined CTh as the distance
between the hyperreflective line of Bruch’s membrane and
the hyperreflective line of the inner surface of the sclera.
IR images, with the SD-OCT used as a reference, were

examined by two blinded trained readers (HBL and AR)
for the presence and area of GA. If deliberation was
required, a third expert reader (RTS) would view the
SD-OCT for adjudication.
GA area was measured by pixel count using Adobe

Photoshop (Adobe Systems, Inc., San Jose, CA, USA)
(Figure 1). The measured area was converted to

Figure 1 Demonstration of an IR image before (a) and after (b) highlighting areas of GA (blue), which were measured in pixels and
then converted to micrometers.
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micrometers using the individual scaling measurement
found within Heidelberg Eye Explorer for each IR scan.

Chart and GFR analysis

We extracted patient demographics and medical data
from the EHR of eligible subjects. Laboratory-determined
GFR values were recorded first as dichotomous variables
(o60 vs ≥ 60 ml/min/1.73 m2). In cases where more than
one GFR value was available, we used the most recent
value. In addition, we used the corresponding serum
creatinine value to calculate GFR as a continuous variable
through the creatinine-based Modification of Diet in
Renal Disease Study (MDRD) equation:10

MDRD : 175 ´ serum creatinine1:154 ´ age0:203

´ 1:212 if blackð Þ ´ 0:742 if femaleð Þ
For analysis requiring a dichotomous variable,
laboratory-determined dichotomous GFR values were
used; however, for more advanced statistical analysis
requiring continuous variables, MDRD-calculated GFR
values were used.
All other medical diagnoses, such as hypertension,

diabetes mellitus, and hyperlipidemia, were determined
by review of provider notes, medications, and laboratory
findings.

Statistical methods

We used Microsoft Excel 2010 (Microsoft Corp.,
Redmond, WA, USA) to manage data and IBM SPSS
Statistics (IBM Corp., Armonk, NY, USA) for statistical
analyses. All statistical tests were two-tailed, with Po0.05
considered statistically significant. Multiple logistic
regression was used to evaluate risk factors for decreased
GFR with the presence of GA.

Results

We included 107 subjects in the study (age range 50–90
years, with a median age of 74 years). Our study
population's demographic and medical characteristics are
outlined in Table 1. Within this population, there were no
patients on dialysis, and reduced GFR was found in
29.9%. GA was present in 19.6% of subjects. We divided
our AMD population into those with GA and those
without (Table 2). We found a significant correlation
between GA and reduced GFR (P= 0.002). This
correlation was maintained even after accounting for age,
gender, diabetes, hypertension, hyperlipidemia, body
mass index, and smoking (P= 0.020). In addition, GA was
associated with SDD on imaging (P= 0.020), but this
association was not maintained after controlling for age

(P= 0.338). Finally, we found an association of
hypertension with the presence of GA (P= 0.021).
Interestingly, we found that a thinner choroid was

significantly correlated with the presence of GA (166.0 vs
207.5 μm, P= 0.038) and to a reduced GFR (169.5 vs
215.4 μm, P= 0.004). However, these correlations were not
significant after controlling for age.
GA area, a continuous variable, was compared with the

continuous variable of abnormal GFR values to determine
if a certain GA area amount was more likely to be
associated with either lower or higher GFR values. Larger
GA area was not significantly related to reduced GFR
(P= 0.468; Pearson correlation coefficient for GA area and
GFR=− 0.07, P= 0.468). Larger GA areas were associated
with the presence of SDD but lost significance when the
confounder of age was introduced (P= 0.203).
To further investigate a feature associated with more

severe AMD, analysis of the cohort of individuals with at
least one SDD was performed. Subgroup analysis of the
SDD-positive AMD subjects again showed that GA was
associated with reduced GFR (P= 0.007). When analysis
was controlled for age, likely due to the small sample size,
results just trended toward significance (P= 0.064).

Discussion

To our knowledge, this is the first study to investigate the
association between renal function and GA presence and
area in patients with AMD. Major findings from our
study include the following: (1) reduced GFR was

Table 1 Study population's demographics and characteristics

Variable All subjects (n= 107)

N Med. Min. Max. %

Age 107 74 50 90 –

Gender (F) 107 – – – 59.8
Race 107 – – –

Asian – – – 9.3
Black – – – 6.5
White – – – 74.8
Other – – – 8.4
Unknown – – – 0.9

Hispanic 99 – – – 2.8
BMI 105 25.5 16.9 50.4 –

Smoker 106 – – – 38.7
DM 107 – – – 14.0
HTN 106 – – – 64.2
HLD 106 – – – 64.2
Creatinine 107 0.9 0.5 3.4 –

Lab GFR (o60) 107 – – – 29.9
GFR MDRD 107 75.8 19.8 167.6 –

GA 107 – – – 19.6
SDD 107 – – – 56.1
ChT avg 90 186 50 345 –
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associated with GA even after controlling for age,
hypertension, and other potential confounders in subjects
with AMD; and (2) among patients with GA, there was no
association between GA area and GFR. Our study
provides additional information in understanding AMD
and the pathogenesis of GA. Comparing disease
processes of similar etiology and risk factors may help
advance areas of research for treatment approaches and
improve methods of disease monitoring.
Various studies have examined the link between renal

function and AMD, with most finding positive

correlations between the prevalence and incidence of
AMD and decreased renal function.6,11–16 The biological
basis for this observed connection includes shared risk
factors, common genetic polymorphisms, and similar
vascular structure of the choroid and kidney.17–19 Both the
kidney and the eye are end-arterial organs. Vascular
dysfunction is known to have a strong role in the
pathogenesis of CKD, demonstrated by the fact that over
75% of patients with CKD have hypertension and
diabetes, diseases characterized by vascular problems.
Similarly, multilobular GA has been linked to
ischemia of the underlying vascular choroid, leading
to degeneration of the RPE and outer retinal layers.20,21

Ischemia of the choroidal and renal circulations, due to a
common pathophysiological process, may account for our
observed connection between these two diseases.
In addition, similarities in complement cascade

polymorphisms, in particular complement factor H
(CFH), may have a large role in the association. The
glomerular capillary wall in the kidney and Bruch’s
membrane in the eye are anionic surfaces, which with
mutations in the polyanion-binding region of the CFH
gene result in excessive complement cascade activation in
these areas.22 Thus, by not being able to prevent
complement-mediated reaction, self-damage may result
simultaneous to both structures.19

Despite finding that lowered GFR was associated with
GA, there was no significant association between GFR
(calculated as a continuous variable) and GA area. This
finding suggests that, although there are overwhelming
similarities in exacerbating factors leading to pathology,
there are still multiple influences leading to progression
that may differ. GA growth has been shown to be widely
variable among patients, with the original size of the
atrophic area likely being a more important factor than
the patient’s demographic factors or extent of systemic
disease.23,24 Thus, the presence rather than the extent of
disease may be a more important factor when correlating
decreased renal function with GA.
We also found an association between decreased GFR

and a thinner choroid but this relationship lost
significance after controlling for age. A number of studies
have investigated the effects of hemodialysis on CTh;25–27

however, no study to date has focused on CTh in patients
with less advanced CKD, as in our population. CTh is
known to be affected in many systemic diseases,28 and
hypertension, a known risk factor for kidney disease, has
been associated with choroidal thinning.29,30 In addition,
numerous studies have demonstrated a negative
correlation between age and CTh,31 with CTh decreasing
by ~ 25 μm for every decade of life.32 GFR is also known
to decrease with normal aging.33 Our finding of an
association between GFR and choroidal thinning that
disappeared once we controlled for age suggests that the

Table 2 Comparing variables in those with and without
geographic atrophy

GA N Mean SD P-value

Age (yrs)
− 86 72.1 9.91 0.013
+ 21 78.1 9.04

Gender (F)
− 86 62.8% 0.49 0.207
+ 21 47.6% 0.51

BMI (kg/m2)
− 84 27.2 6.24 0.317
+ 21 25.5 5.15

Smoker (ever or current)
− 85 37.7% 0.49 0.664
+ 21 47.6% 0.51

DM
− 86 15.1% 0.36 0.513
+ 21 9.5% 0.30

HTN
− 85 58.8% 0.50 0.021
+ 21 85.7% 0.36

HLD
− 85 67.1% 0.47 0.213
+ 21 52.4% 0.51

GFR MDRD (ml/min/1.73 m2)
− 86 75.8 19.17 0.134
+ 21 67.7 32.11

GFR lab (o60 ml/min/1.73 m2)
− 86 23.3% 0.43 0.002
+ 21 57.1% 0.51

SDD
− 86 52.3% 0.50 0.116
+ 21 71.4% 0.46

ChT (μm)
− 74 207.5 70.58 0.038
+ 16 166.1 74.83

Bolded are significant values, Po0.05.
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association between GFR and choroidal thinning is
largely an aging phenomenon. Further research between
the connections of CTh, GA, and GFR are warranted.
Previous studies reported various associations with

regard to the relation of AMD with hypertension.34,35

Within our study, we found a correlation between the
presence of GA and hypertension. A cardiovascular
connection possibly from degenerative and inflammatory
changes36,37 within these structure may relate the
processes of dysfunctional GFR and AMD.
Our study has several limitations, some of which were

inherent to its retrospective design, including the inability
to control for various risk factors throughout the samples,
the limited knowledge of compounding diagnoses and
when first identified, the character of SD-OCT images
obtained (including lack of enhanced depth imaging), the
lack of genotyping, the small sample size, and potential
retrospective selection biases. However, there are several
strengths to this study, including the thorough EHR
available at our facility and the high-quality SD-OCT
volume scans available to localize GA and other retinal
features. Large-scale prospective studies are required to
further characterize our findings.
In summary, we determined that subjects with AMD and

decreased renal function, as determined by GFR values, are
more likely to present with GA at some time in their disease
course, even when controlling for other elements such as
other diseases, age, and other factors. These results are
consistent with the anatomically similar choroidal and renal
vasculature and strengthen the hypothesis of a choroidal
etiology for advanced GA. Although the area of GAwas not
correlated to GFR in this study, prospective studies not
compounded by different disease durations and
standardized for factors influencing GA progression, such
as type of atrophy and presence of SDD, might better
evaluate this relationship. More generally, longitudinal
studies with larger sample sizes evaluating the association
between renal dysfunction, specifically identified disease
processes, and GA are warranted.

Summary

What was known before
K Association of age-related macular degeneration (AMD)

with kidney function.
K Shared risk factors between renal disease and AMD.
K Renal and choroid anatomy similar vascular structure.

What this study adds
K Geographic atrophy (GA) is associated with glomerular

filtration rates (GFR) in AMD population.
K Amount or area of GA is not correlated to GFR.
K Findings support a choroidal etiology of GA (potentially

aiding in methods of disease prevention and prognosis).
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