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Abstract

Purpose—To evaluate and quantify visual function metrics to be used as predictors of AMD 

progression and visual acuity (VA) loss in patients with early and intermediate AMD.

Design—Baseline data of observational, cross-sectional, prospective study.

Methods—101 patients were enrolled at Duke Eye Center: 80 patients with AMD age-related 

eye disease study (AREDS) stage 2 (N=33) and stage 3 (N=47) and 21 age-matched, normal 

controls. A dilated retinal examination, macular pigment optical density measurements, and 

several functional assessments: best-corrected VA, mesopic microperimety with eye tracking 

(MAIA), dark adaptometry (AdaptDx), low luminance VA (LLVA) (standard using log 2.0 neutral 

density filter and computerized method) and cone contrast test (CCT) (Innova Systems Inc) were 

performed. Low luminance deficit (LLD) was defined as the difference in numbers of letters read 

at standard vs. low luminance. Group comparisons were performed to evaluate differences 

between the control and the AREDS 2 and AREDS 3 groups using two-sided significance tests.

Results—Functional measures that significantly distinguished between normal and AREDS3 

were standard and computerized (0.5 cd/m2) LLVA, percent reduced threshold and average 

threshold on microperimetry, CCTs, and rod intercept on dark adaptation (p < 0.05). The AREDS 

3 group demonstrated deficits in microperimetry reduced threshhold, computerized LLD2 and 

dark adaptation rod intercept (p < 0.05) relative to AREDS 2.

Conclusions and Relevance—Our study suggests that LLVA, MAIA microperimetry, CCT 

and dark adaptation may serve as functional measures of AMD progression.

Age-related macular degeneration (AMD) is a common and debilitating aging disease with 

significant mental health and quality of life implications. AMD is considered a “priority eye 

disease” by the World Health Organization, with global prevalence estimates reaching nearly 

196 million by 20201. In patients with AMD, vision in dim lighting and at night is the most 

commonly reported visual defect. Consequently, patients often report difficulty driving, with 
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mobility, peripheral vision in dim lighting and changing lighting conditions, symptoms 

which have been shown to lead to significant emotional distress in this patient population 2,3. 

Even in the early phases of disease when visual acuity is unaffected, these symptoms are 

present and associated with decreased sensitivity of the rod system responsible for scotopic 

vision and delayed dark adaptation 4,5.

Despite substantial improvements in treatment of wet AMD with the introduction of 

effective anti-VEGF therapy 6, there remains a significant clinical need to treat the pathology 

associated with dry AMD. Currently many new clinical trials have focused on developing 

therapies targeting oxidative stress 7 and stem cells 8, enhancers of retinal and choroidal 

blood flow 9, neuroprotective agents 10, and anti-complement factors11 for use in patients 

with geographic atrophy. To identify and develop treatments for early and intermediate 

stages of AMD before debilitating functional loss occurs in advanced disease, reliable 

functional endpoints are required. To meet this need, the objective of this study was to 

determine visual function measures that may be used to identify, evaluate, and quantify 

visual deficits in patients with early and intermediate AMD. Data collection was focused to 

improve the understanding of the natural history of early and intermediate AMD, to evaluate 

the functional characteristics of early and intermediate AMD using low luminance VA and 

low luminance deficit, dark adaptation, cone contrast function, and mesopic microperimetry, 

and to assess morphological characteristics of early and intermediate AMD on multi-modal 

retinal imaging. Herein, we evaluate the most comprehensive and extensive set of parameters 

tested in a large cohort of early-intermediate AMD patients measured in one study, which 

can be employed as robust clinical endpoints for future clinical trials aimed to test the 

efficacy of treatments for dry AMD.

Methods

Study Participants

The single center, prospective, exploratory observational study NCT01822873 at Duke 

University Medical Center was approved by the Duke University Health System Institutional 

Review Board (IRB) and was conducted in accordance with Good Clinical Practice (GCP) 

using the guidance documents and practices offered by the International Conference on 

Harmonization of Technical Requirements for Registration of Pharmaceuticals for Human 

Use (ICH) or applicable international regulatory authority laws, regulations, and guidelines. 

Written informed consent was obtained from all study participants. Study subjects with 

AMD were identified from the existing population at Duke Eye Center or newly recruited 

individuals at the ophthalmology and optometry clinics at Duke Eye Center presenting for 

consultation. Spouses and friends of AMD subjects as well as Duke Optometry patients 

were recruited as controls participants. Inclusion criteria for participants with AMD were 

capacity and willingness to provide consent, age 50 to 90 years, Snellen visual acuity of 

20/50 (logarithm of the minimum angle of resolution, 0.40) or better, pseodophakia or mild 

nuclear sclerotic (NS) cataract that is not visually significant (trace-1+ NS), diagnosis of 

early (Age-Related Eye Disease Study, AREDS category 2) or intermediate (AREDS 

category 3) AMD with the presence of drusen larger than 63 um and pigmentary anomalies. 

Drusenoid pigment epithelial detachments were allowed, but patients with geographic 
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atrophy were excluded. Inclusion criteria for control subjects were identical for age and 

visual acuity, with no signs of AMD in either eye including reticular pseudodrusen, although 

fewer than 5 drusen <65um were allowed.

Individuals were excluded if they demonstrated inability to provide informed consent, 

phakic status with visually significant cataract in the study eye(s) (>1+ NS), any evidence of 

choroidal neovascularization or geographic atrophy in either eye, any ocular abnormality 

other than AMD or cataracts, in addition to not being able to perform any of the designated 

tests or complete the consent form for other health reasons. When both eyes met the 

inclusion criteria, the eye with better visual acuity was chosen as the study eye or the 

following algorithm was used if both had the same visual acuity: odd birth month–right eye 

was selected and even birth month – left eye was selected.

Functional Testing

The baseline clinic visit consisted of the psychophysical and physical tests: best corrected 

visual acuity (BCVA) (ETDRS), dark adaptometry, mesopic microperimetry, low luminance 

VA (LLVA) standard and computerized, cone contrast test (CCT), and macular pigment 

optical density (MPOD). Visual acuity and functional tests were performed before fundus 

imaging to prevent bleaching of the retina. Subjects wore their best correction for all tests. 

Best-corrected visual acuity was assessed by the ETDRS method and expressed in number 

of letters read 12,13. Standard low luminance visual acuity was performed by asking the 

subject to read the ETDRS chart through a 2.0 log neutral density filter that reduces 

luminance by 100 fold14. Low luminance deficit (LLD) was calculated by subtracting LLVA 

from BCVA in ETDRS letters. Computerized low luminance visual acuity and cone contrast 

test (CCT) were performed monocularly at 4 m using computerized tests developed at 

Innova Systems (Burr Ridge, IL). During the computerized LLVA test, subjects were 

presented a succession of lines composed of 5 Snellen letters of decreasing size on PC (Dell 

Optiplex 9010, Dell, Plano, TX) screen with the initial background luminance of 16 cd/m2 

followed by a different set of Snellen lines with a background luminance of 1.3 cd/m2 (low 

luminance 1) or 0.5 cd/m2 (low luminance 2). The resulting computerized BCVA and LLVA 

in Snellen letters were recorded and converted to ETDRS letters.

Subjects then underwent CCT assessment, a computer-based method of quantifying color 

vision and deficits in cone color discrimination at the photoreceptor level (Innova Systems, 

Burr Ridge, IL) as previously described15. On CCT testing, 90–100% represents a normal 

score, 75–90% possible acquired color deficiency, and 0–75% color deficiency. Dark 

adaptometry and microperimetry testing were then administered after pupillary dilation with 

1 drop of tropicamide 1% and phenylephrine 2.5% each. Dark adaptation was measured with 

the AdaptDx dark adaptometer (MacuLogix, Hummelstown, PA) on the study eye using a 

protocol modified for intermediate AMD subjects, while the fellow eye was occluded. The 

device and testing method are described in detail elsewhere16. Briefly, the subject’s eye was 

bleached by exposure to a 505nm photoflash equivalent to 76% bleaching level for rods. The 

stimulus light was a 505-nm, 2° circular test spot located at 5° on the inferior visual 

meridian16.
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Retinal sensitivity assessment was performed using a microperimeter with eye tracking 

(Macular integrity assessment [MAIA] CenterVue, San Jose, CA), as previously described15 

using the standard 37–10° MAIA grid. Two microperimetry measures were derived: average 

threshold and percent-reduced threshold (PRT). Average threshold is the average of all 

retinal sensitivities from all loci tested. Percent-reduced threshold is a derived functional 

index representing the percentage of abnormal retinal sensitivity thresholds below 25 dB.

Imaging

Retinal imaging included stereo color fundus photography (Zeiss FF 450 Plus IR; Carl Zeiss 

Meditec Inc., Dublin, CA), fundus autofluorescence (Spectralis 3 mode; Heidelberg 

Engineering GmbH, Heidelberg, Germany)15, spectral domain optical coherence 

tomography (SD-OCT; Spectralis 6-mode; Heidelberg Engineering US) and macular 

pigment optical density (MPOD) via dual-wavelength fundus autofluorescence (Heidelberg 

Spectralis HRA + OCT MultiColor17, Heidelberg Engineering GmbH, Heidelberg, 

Germany).

Autofluorescence images for MPOD analyses were obtained using the Spectralis acquisition 

software module version 5.6.2.2. The excitation spectra of two images, blue 488 nm and 

green 518 nm, were aligned and averaged by the Heidelberg Eye Explorer software 

(HEYEX, version 1.7.1.0) to create an MPOD map. The plateau or reference point was set to 

7° and the average MPOD values were recorded at radii 0.25°, 0.5°, 1°, and 1.75°17.

Retinal specialists (EML, SC, LV) and a comprehensive ophthalmologist (AH) performed all 

clinical examinations. Color fundus photographs were graded by a medical retinal specialist 

(EML) by evaluating the extent of pigmentary changes and drusen size. Early AMD 

(AREDS category 2) was defined by the presence of many small drusen, few intermediate 

drusen (63–124 μm in diameter), and/or retinal pigment epithelium abnormalities, whereas 

intermediate AMD (ARED3 category 3) was defined by extensive intermediate drusen and 

at least 1 large drusen (>125 microns). Fundus autofluorescence and spectral optical 

coherence tomography images were used to exclude major divergences from the disease 

staging on color fundus images.

Data management

Data was collected from case report forms and double-entered into the Research Electronic 

Data Capture (RedCap) database by certified data entry analysts from Duke Office of 

Clinical Research. Additional data quality assurance and integrity checks were carried out 

using SAS software version 9.3 (SAS institute, Inc. Cary, NC).

Statistical analysis

Statistical comparisons were performed using two-sided significance tests. Data analysis 

was carried out using SAS software version 9.3 (SAS institute, Inc. Cary, NC). Baseline 

demographic and clinical variables were summarized for each AMD group. Comparisons of 

continuous baseline variables among AMD groups used analysis of variance (or Kruskal-

Wallis tests) and between group comparisons used t-tests (or Wilcoxon rank sum tests). All 

variables with the exception of LLD, were normally distributed, thus non-parametric tests 
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were performed. Comparisons of discrete baseline variables among AMD groups employed 

chi-square or Fisher’s exact tests. For each continuous variable, frequency and percentage of 

values greater than the mean plus two standard deviations were tabulated and compared 

among groups using Fisher’s exact test.

Results

A total of 101 participants were enrolled in the study (80 AMD subjects, and 21 healthy 

controls) and underwent all study assessments. Participant characteristics are listed in Table 

I. Of the subjects with AMD, 33 had diagnosed AREDS 2 (early AMD) and 47 had 

diagnosed AREDS 3 (intermediate AMD). There was no overall significant intergroup 

variation in age, sex, race, ethnicity or smoking history (p > 0.63 for all). There were also no 

observed differences in common comorbidities including history or treatment of 

hypertension and diabetes mellitus, or history of myocardial infarction, coronary artery 

disease, dyslipidemia or dementia (p > 0.32 for all). The presence of other ocular conditions 

was infrequent in this population, with a low number of patients carrying the diagnosis of 

glaucoma suspect (2), Fuch’s dystrophy (2) and dry eye (6 patients). The few cases of 

glaucoma suspect and Fuch’s dystrophy were found in intermediate AMD group. There was 

no significant intergroup variation between groups related to dry eye (p = 0.18).

Evaluation of visual acuity measures (BCVA and LLVA) between groups

Various visual acuity measures are indicated in Table II (standard) and Table III 

(computerized). Standard best corrected visual acuity (BCVA) performance (p > 0.06 for all 

comparisons) and intraocular pressure (p = 0.11) (not shown) were similar between control 

and AMD groups. Unlike standard BCVA, however, computerized BCVA was significantly 

different between both early and intermediate AMD as compared to normal controls. 

Standard LLVA was significantly depressed in intermediate AMD patients relative to normal 

subjects (p = 0.03); however, this difference was absent when early AMD patients were 

compared to the normal group (p = 0.24) and did not distinguish intermediate from early 

disease (p = 0.43). Despite differences in standard LLVA, the mean standard LLD was not 

different between groups (p = 0.23). However, there were a significant number of patients 

with early and intermediate AMD with calculated LLD levels greater than two standard 

deviations above the mean of the normal group (Supplementary Table I, p = 0.04). The 

sensitivity of computerized LLVA to differentiate between patients in normal, early AMD, 

and intermediate AMD groups was dependent on the level of low luminance. Patients with 

intermediate AMD performed significantly worse than normal controls on computerized 

LLVA when background luminance was 0.5 cd/m2 (LLVA2, p = 0.01); this was not true for a 

luminance level of 1.3 cd/m2 (LLVA1, p = 0.09) (Figure 1). No differences were observed 

between normal and early AMD with either luminance level (LLVA1 p = 0.43, LLVA2 p = 

0.37); however, the difference between intermediated and early AMD nearly reaches 

significance using the 0.5 cd/m2 (LLVA2, p = 0.06). Computerized LLD1 showed no 

differences between groups (p = 0.53); however, the lower luminance based computerized 

LLD2 did detect significant differences between early and intermediate AMD (p = 0.04).
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Evaluation of additional psychophysical measures between groups

The additional psychophysical measures included macular pigment optical density (MPOD; 

Table IV), cone contrast test (CCT) in Table V and mesopic microperimetry testing, and 

dark adaptation in Table VI.

Analysis of MPOD was also performed but revealed no significant differences between 

groups. The average optical densities (OD) were found to be highest for the intermediate 

AMD group and lowest for the control group at the smallest 3 eccentricities tested; however, 

this trend did not reach statistical significance. This was true even after adjusting for age 

(data not shown; p >0.56 at all radii 0.25°, 0.5°, 1°, and 1.75°). Additionally, an inverse 

relationship between OD values and distance from the foveal center was observed, with 

average OD of 0.64 detected at 0.25°, 0.56 at 0.5°, 0.44 at 1°, 0.22 at 1.75° indicating an 

approximately 35% decrease between the closest and furthest distance tested.

Representative images from CCT, Microperimetry and dark adaptation are indicated in 

Figure 2. Red, green, and blue CCT were all significantly reduced in intermediate AMD 

patients compared to normal subjects (p = 0.03, p = 0.01, p = 0.01), with green CCT 

showing the greatest degree of difference. Microperimetry percent reduced threshold served 

as a strong measure to distinguish between groups, as this metric was found to be 

significantly higher for patients with intermediate AMD as compared to normal (p = < 0.01) 

or early AMD patients (p = 0.03) (Figure 3). Microperimetry average threshold was 

significantly decreased in intermediate AMD patients versus controls (p < 0.01); however, 

no difference was observed when the two AMD groups were compared to each other, nor 

when early AMD was compared to the normal control group. The dark adaptation rod 

intercept was markedly greater in intermediate AMD patients than patients in either early 

AMD or normal control groups (p < 0.01 for both measures). In addition, the rod intercept of 

a significant number of patients with intermediate AMD (17) was greater than 2 SD above 

the mean measured from patients in the normal control group (Supplemental Table I, p < 

0.01).

Discussion

The paucity of treatment options for patients with dry age related macular degeneration is a 

significant clinical problem. This clinical unmet need promises only to worsen overtime, as a 

significant portion of the global population enters the sixth and seventh decade of life 18. 

Substantial barriers limiting the ability to effectively develop new treatments are a lack of 

markers of disease progression and of clinical trial endpoints that can reliably indicate 

disease progression.

To meet this need, several studies have been performed to understand the functional changes 

associated with dry AMD onset and progression 14,19,20. While providing important key 

insights into dry AMD pathology, this body of work has largely been limited by small 

sample sizes and by the number of psychophysical measures examined. Our study is second 

in size only to Owsley et al, which enrolled a larger cohort (253 AMD patients) but 

performed a smaller number of psychophysical tests21. A portion of the panel of 

psychophysical measures employed were previously described in our pilot study15, but 
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improvements were made to the protocol and standard LLVA and we added a computerized 

method for BCVA and LLVA, dark adaptometry and MPOD.

As previously indicated, LLVA is a highly efficient and effective means of assessing central-

cone mediated function under conditions of reduced luminance 15. The measure is further 

improved by computerization, allowing for standardization of operator and user-related 

factors, as well as facilitating ease of acquisition of multiple tests on the same interface. 

MAIA microperimetry serves as an robust measure of retinal sensitivity and indicator of 

foveal dysfunction19, while CCT serves as a sensitive index of color deficiencies that may 

indicate early stages of disease progression, even preceding the onset of visual acuity loss 22. 

Dark adaptation was added to the original panel to serve as a measure of visual cycle defects 

that appear early in AMD, as slowing of the recovery of light activity after exposing 

photopigment has previously been suggested to be linked to AMD onset and progression 16.

Consistent with previous work, we observed no differences in standard BCVA 14,20,23. 

Interestingly, however, computerized BCVA was significantly decreased in both early and 

intermediate AMD relative to controls but did not distinguish early and intermediate disease. 

This may be explained by the fact the mean BCVA score was greater, although not reaching 

statistical significance, in the control group using the computerized test as compared to the 

standard test, while the mean scores in early and intermediate AMD did not differ between 

standard and computerized. Given that we observed no differences between groups using 

standard BCVA, it is possible that the computerized method provides more sensitivity to 

differentiate between early-intermediate AMD and normal controls. Alternatively, this 

assessment may be too variable or the study is underpowered to detect subtle differences in 

BCVA. The data presented here is limited to the functional measures at baseline. Our 

continued longitudinal study with follow up visits every 6 months for 24 months will 

determine whether this measure is a sensitive or specific indicator of AMD onset or 

progression, given that photopic VA loss is not a common complaint associated with early 

stages of AMD24,25.

In the current study, we have suggested that LLVA (LLVA2: 0.5 cd/m2), MAIA 

microperimetry (percent reduced threshold and average threshold), CCT and dark adaptation 

(rod intercept) may be considered reliable markers for detecting intermediate AMD on a 

functional level. Several studies have previously indicated the value of LLVA as a clinical 

measure for detection of AMD. Puell et al was among the first to demonstrate that LLVA 

was an optimal measurement in participants with early stages of AMD, as they observed 

impairment in LLVA before changes in BCVA 23. Wu et al built upon these results by 

examining the extent to which LLVA is affected at differing clinical AMD severities: 

comparing measures across six clinical severity groups, a trend for LLVA to detect greater 

functional deficit than BCVA in eyes with increasingly poorer retinal sensitivity was 

revealed 19. Consistent with these findings, our study demonstrates that standard LLVA was 

significantly depressed between the more severe cases of AMD (AREDS 3) and normal 

controls but that this difference did not exist between the early cases (AREDS 2) and 

normal. This same trend was observed on computerized LLVA testing when background 

luminance was reduced to 0.5cd/m2. However this was not shown when background 
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luminance was increased to 1.3cd/m2, indicating that the sensitivity of this test is dependent 

upon the level of background light provided.

Our study demonstrated variable results using LLD measures. Despite differences in 

standard LLVA, the mean standard LLD was not different between groups (p = 0.23). While 

computerized LLD1 also showed no differences between groups (p = 0.53); however, the 

lower luminance based computerized LLD2 did detect significant differences between early 

and intermediate AMD (p = 0.04). The findings in previous work are variable. Puell et al 

detected a significantly greater LLD in early stages of AMD when compared to control 23. 

In contrast, Wu et al detected LLD changes between AMD and control participants only 

when analyzing patients with non-foveal GA 19. Generally, the mechanism responsible for 

increased LLD in eyes with AMD is not clearly understood. Furthermore, the lack of 

consistency in the use of LLD to distinguish early AMD versus normal and intermediate 

disease versus normal subjects limits its potentially utility as a progression marker. As 

indicated by our data, the degree to which BCVA and LLVA differ is largely influenced by 

the amount of background luminance. Computerization influenced both BCVA and LLVA, 

indicating greater sensitivity in a more standardized setting. Given that only two luminance 

levels were tested in the current study, the possibility remains that more precise titration of 

luminance conditions in the setting of a computerized test will provide more robust and 

reproducible indications of differences in visual acuity measures at different levels of AMD 

severity. Furthermore, this also provides indication that the BCVA component of the 

measure may not be sensitive enough and therefore may influence the LLD measurements, 

an issue that may be addressed by increasing the study sample size.

In comparison to visual acuity measures, retinal sensitivity as measured by microperimetry 

has been suggested to be a topographic and more sensitive method for detecting functional 

deficits in patients at risk for AMD as compared to LLVA20. In our study, microperimetry 

percent reduced threshold served as the strongest measure to distinguish between all groups 

in our study: patients with intermediate AMD demonstrated significantly worse measures 

compared to normal (p = <0.01) or early AMD patients (p = 0.03). While differences were 

observed with microperimetry average threshold across groups, we found PRT to be superior 

to average threshold at differentiating between different degrees of severity of AMD 

between groups as well as relative to normal patients.

Cone contrast testing provides unique insight into visual defects related to color vision. Our 

results indicate dysfunction of S, M, L cones in intermediate AMD patients relative to 

normal subjects, as blue, red, and green CCT were all significantly different between these 

groups. These results controverted prior findings of greater S (blue) cone and rod pathway 

vulnerability in early disease over the L (red) and M (green) cone pathway26 and was not 

observed in early AMD patients in our study. LLVA, both standard and computerized, was 

positively correlated with both CCT blue and green, suggesting that the mesopic function 

attributed to LLVA testing is predominantly cone-mediated.

Dark adaptometry was added to the original panel that had been employed in our previous 

pilot study as a measure of visual cycle changes that may occur as eyes progress from 

normal to AMD. The dark adaptation rod intercept was markedly higher in intermediate 
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AMD patients than in subjects with either early AMD or normal control groups. These data 

are in disagreement with previous studies that showed difference between early AMD and 

normal control participants on dark adaptation using a standard protocol (98% bleach at 12° 

on the inferior visual meridian)27 , however it is consistent with the more recent work that 

employed the modified protocol (76% bleach at 5° on the inferior visual meridian) as was 

used in our study 16 . In addition, the rod intercept of a significant number of patients with 

intermediate AMD was greater than 2 SD above the mean measured from patients in the 

normal control group, suggesting that intermediate patients, if affected, show a significant 

decline in this visual function. Rod intercept was negatively correlated with visual acuity 

measures (e.g. BCVA, LLVA), likely reflecting progressive rod impairment with increasing 

stages of AMD. Interestingly, there was no strong relationship of rod intercept with the other 

psychophysical measures.

Macular pigment (MP) has been shown to facilitate fine central and color vision 28 as well as 

demonstrate unique short wavelength light filtering properties 29. There is also evidence to 

suggest that MP may protect the macula from oxidative damage 30,31 . As such, elevated 

MPOD is predicted to prevent the occurrence and progression of AMD 32,33. Despite these 

indications, the results of previous studies investigating the relationship between MP and 

AMD have been mixed 34,35, 36. Collectively, literature results suggest that the sensitivity of 

MPOD to predict AMD may be limited to the most severe form of disease. Nevertheless, it 

is important to note that the lack of definitive conclusions relating MPOD to AMD across 

several studies may be confounded by differences in methodology and small sample sizes 

studied. As such, additional studies using the Heidelberg Spectralis in more advanced stages 

of AMD are required prior to conclusively determine the utility of MPOD measures for 

predicting outcomes related to AMD onset or progression.

In summary, our study supports the use of computerized LLVA, CCT, dark adaptometry, and 

MAIA microperimetry as functional endpoints in patients with early and intermediate dry 

AMD. Our previous pilot trial indicated that these tests were both well tolerated and had 

high test-retest reliability15. For LLVA, a computerized LLVA2 with a low luminance level 

of 0.5cd/m2 was the most sensitive for detecting differences between control and 

intermediate AMD. All CCTs were effective at distinguishing control and intermediate 

disease. Rod intercept as measured by dark adaptometry with a modified protocol also 

successfully differentiated intermediate AMD from normal controls. Finally, microperimetry 

average threshold as well as percentage reduced threshold served as the most promising and 

sensitive measures to distinguish groups: both early and intermediate from normal. 

Importantly, our data failed to provide many robust measures which differentiate early 

versus intermediate disease, with the exception of microperimetry. As such, this large, 

prospective study indicates that these functional endpoints may serve as good candidates for 

endpoints that may detect disease progression from normal to onset of early stage disease. 

Key data to confirm our current assumptions based on the cross-sectional data at baseline 

will be gained as to the utility of these tests to track disease progression as part of the 

longitudinal study that is currently underway. Collectively, the results from these two studies 

will provide much needed comprehensive insight into the natural history of AMD and into 

early endpoints for future clinical trials in this population.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Boxplot of Low Luminance Visual Acuity, standard and computerized
Boxplot showing LLVA testing: (Left) standard and computerized at (Middle) 1.3 cd/m2 

(LLVA1) or (Right)) 0.5 cd/m2 (LLVA2) for control and each AMD AREDS clinical group. 

LLVA measures are reported in ETDRS letters.
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Figure 2. Examples of functional testing performed in a patient with intermediate AMD
(Top Left) Report of the cone contrast test (CCT) showing a marked reduction in all cone 

tones; 90–100% represents a normal score. (Top Right) Dark adaptometry graph with rod 

intercept of 16 min (normal range < 7 min). (Bottom Left) Macular pigment optical density 

report screen: green circle represents plateau or reference point set at 7°, red circle at 0.5° 

and blue circle at 1° from foveal center. (Bottom Right) MAIA microperimetry SLO image 

showing decreased retinal sensitivities in multiple loci (normal retinal sensitivity > 25 dB), 

reported average threshold and percent reduced threshold values.
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Figure 3. Boxplot of mesopic microperimetry percent reduced threshold
Boxplot showing percent reduced threshold (PRT) on microperimetry testing for control and 

each AMD AREDS clinical group. PRT measured by percent.
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