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Abstract
Objective—To investigate potential associations between cognitive function and/or impairment
and age-related macular degeneration (AMD) and visual impairment in the Age-Related Eye Disease
Study (AREDS).

Methods—The AREDS is an 11-center natural history study of AMD and age-related cataract. The
AREDS Cognitive Function Battery was administered to 2946 participants. The battery consists of
6 neuropsychological tests measuring performance in several cognitive domains. The Dunnett
multiple comparison test was used to identify differences by AMD and visual acuity severity. The
relationship with cognitive impairment was also assessed using logistic regression.

Results—Mean scores of instruments in the AREDS Cognitive Function Battery declined with
increased macular abnormalities and reduced visual acuity. After adjustment for age, sex, race,
education, smoking status, diabetes mellitus, hypertension, and depression, increased macular
abnormalities (trend P value <.05) reduced mean cognitive function scores as measured by the
Modified Mini-Mental State Examination and the Wechsler Logical Memory Scale. Reduced vision
was found to be associated with reduced mean cognitive function scores as measured by the Modified
Mini-Mental State Examination and letter and verbal fluency tasks. Persons with vision worse than
20/40 OU were more likely to be cognitively impaired (Modified Mini-Mental State Examination
score <80) (odds ratio, 2.88 [95% confidence interval, 1.75–4.76]) compared with persons with visual
acuity of 20/40 or better OU.

Conclusion—These data suggest a possible association of advanced AMD and visual acuity with
cognitive impairment in older persons.

Cognitive impairment, OR an acquired deficit in memory function, problem solving,
orientation, or abstraction, reduces an individual's ability to function independently and is a
major component of age-related deterioration.1–4 Age-related macular degeneration (AMD)
is a leading cause of irreversible vision loss in the United States among elderly individuals.
5–8 It has been suggested that cognitive impairment and AMD may be associated because they
are both neurodegenerative disorders related to aging.

There are limited data regarding a possible association between cognitive function and AMD.
The Rotterdam Study found that late age-related maculopathy (ARM) was associated with 2-
year incident Alzheimer disease (AD) in white persons 75 years or older.9 This association
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was attenuated after adjustment for smoking and atherosclerosis. The Atherosclerosis Risk in
Communities Study found an association between cognitive function and severe cognitive
impairment and early ARM, defined as falling in the lowest 10% of the population in 1 of 3
cognitive function tests, thus suggesting a weak association between cognitive function and
early ARM in middle-aged persons.10

A few studies have been inconclusive regarding the relationship between cognitive and visual
impairment.11–13 Visual impairment was found to be associated with both an increased risk
and an increased clinical severity of AD in a case-control study of 87 patients 65 years and
older with mild to moderate, clinically diagnosed AD and 87 controls without dementia
matched to the cases by age, sex, and education.14 Rizzo et al15 found a correlation between
impairment of visual function and overall severity of cognitive impairment in AD. A study of
156 elderly individuals from the Berlin Aging Study found an association between visual
impairment and poor performance on intelligence tests covering 5 cognitive domains.16 The
Australian Longitudinal Study of Aging found that a 2-year decline in vision was associated
with memory decline in an elderly population.17 A large study of women 69 years and older
participating in the Study of Osteoporotic Fractures found a 2-fold increase in the odds of
cognitive and functional decline over time associated with vision impairment (best-corrected
vision worse than 20/40).18 A cohort study of community-dwelling, older Mexican American
individuals found that near-vision impairment was associated with low cognitive function
along with cognitive decline during a 7-year period.19 This association remained significant
after adjustment for possible confounders.

Although there are data to suggest a relationship between cognitive impairment and AMD and/
or visual impairment, the studies have not been conducted in a large sample that includes a
large number of patients with the advanced form of AMD and vision loss due to advanced
AMD. The purpose of this article is to investigate a potential association between cognitive
function and AMD as well as cognitive function and visual impairment among participants in
the Age-Related Eye Disease Study (AREDS).

METHODS
STUDY POPULATION

The AREDS is a large multicenter research program designed to further our understanding of
the predisposing factors, clinical course, and prognostic factors for AMD and cataract. Macular
status of AREDS participants was assessed by trained and certified personnel at a reading
center, using the AREDS system for classifying AMD20 based on stereoscopic color fundus
photographs taken at regular intervals during study participation.

Macular status at the time of cognitive function assessment ranged from essentially no macular
abnormality in either eye (AMD Category 1), to mild or borderline AMD features (AMD
Category 2: many small or few intermediate drusen or pigment abnormalities), to at least 1
large druse, extensive intermediate drusen, or noncentral geographic atrophy (AMD Category
3), to advanced AMD in at least one eye (AMD Category 4).

Visual acuity was measured annually in each participant according to the ETDRS (Early
Treatment of Diabetic Retinopathy Study) protocol (AREDS Manual of Operations, The
EMMES Corporation, Rockville, Md) as the number of letters read with scores ranging from
0 to 100. The letter scores were transformed into approximate Snellen fractions.21 The AREDS
participants were categorized into 3 groups based on visual acuity: (1) visual acuity 20/40 or
better OU; (2) visual acuity worse than 20/40 in one eye; and (3) visual acuity worse than 20/40
OU.
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COGNITIVE FUNCTION ASSESSMENT
The reason for the addition of the Cognitive Function Battery in AREDS was to measure the
potential beneficial or deleterious effect of the AREDS medication on cognitive function and
to investigate potential associations between cognitive function and AMD. In June 2000, an
ancillary study focusing on cognitive function was added to the AREDS follow-up visit
protocol. The protocol for the cognitive function assessment was approved by an independent
data and safety monitoring committee and the institutional review board for each clinical center.
Written informed consent was obtained from AREDS participants to participate in this ancillary
study. Between July 2000 and March 2004, trained and certified interviewers administered 6
neuropsychological tests in a standardized order. Of the 4360 AREDS participants alive at the
time of the implementation of the ancillary study, 3070 (70%) gave consent and completed the
AREDS Cognitive Function Battery. A total of 2946 (96%) of these participants had a complete
battery as well as macular photographs of each study eye and a visual acuity measurement
available from a study visit within 1 year of cognitive function testing.

A variety of instruments was used to measure the domains of cognitive function. Because some
AREDS participants had vision impairment, the extent to which published cognitive tests were
vision dependent was an important consideration in choosing the cognitive tests for this study.
The AREDS Cognitive Function Battery included 6 validated and commonly used cognitive
tests with 8 components.

(1) The Modified Mini-Mental State Examination (3MS) is a brief general cognitive battery
with components for orientation, concentration, language, praxis, and immediate and delayed
memory with a maximum (best) score of 100.22 Because the 3MS contains 4 questions that
are vision dependent, we conducted an additional analysis that eliminated these questions for
participants with vision worse than 20/200 in their better eye and prorated the score. The 4
questions involved writing, drawing, reading, or identifying displayed items.

Verbal fluency was measured using (2) animal category23 and (3) letter fluency24 tasks. For
the animal category task, participants were asked to name as many animals as possible in 1
minute. The score is the total number of unique animals named. For the letter fluency task, the
participants were asked to name as many words starting with the letter “F” as possible in 1
minute. The score is the total number of unique words named. This is repeated for letters “A”
and “S.” The letter fluency task score was computed as the sum of the letter “F,” “A,” and “S”
scores.

The Logical Memory test, a subtest of the Wechsler Memory Scale—Revised,25 was used to
measure both immediate and delayed recall. Two brief stories are read aloud to the subject,
and after each reading, (4) the subject is asked to recall as much as possible (Logical Memory
Part I). (5) Delayed recall (Logical Memory Part II) is tested after 30 minutes, when the
participant is again asked to recall each story from memory. Part I scores range from 0 to 75
and Part II scores range from 0 to 50.

The Buschke Selective Reminding Test26 also measures verbal memory. Participants are read
a list of 12 words and asked to recall as many as possible after 1 trial. (6) Immediate recall is
the percentage of words recalled on the first trial. (7) After 8 trials, a mean of correct words
recalled per trial is calculated (mean word list).

(8) Digits Backward27 was used to measure working memory and attention. Twelve
progressive sequences of 2 to 7 digits are presented for backward repetition; scores range from
0 to 12.
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OTHER MEASUREMENTS
Demographic information, including age, sex, race, and education, along with history of
smoking, use of cholesterol-lowering medications, and self-reported medical comorbidities,
was obtained during the AREDS baseline clinical interview. Each participant also underwent
a general physical examination at this baseline examination including standardized
measurements of height, weight, and blood pressure. The AREDS clinical trial participants
were randomly assigned to receive daily oral tablets containing either antioxidants (500 mg of
vitamin C; 400 IU of vitamin E; and 15 mg of beta carotene) or no antioxidants. Participants
at risk for advanced AMD (AREDS Categories 2, 3, and 4) were also randomly assigned to
receive zinc (80 mg as zinc oxide) and copper (2 mg as cupric oxide) or placebo with or without
antioxidants in a factorial design.

At the time of administration of the AREDS Cognitive Function Battery, depressive symptoms
were assessed using the Center for Epiclemiological Studies Depression Scale (CES-D),28
which is a self-administered measure of depressive symptoms experienced during the previous
week. The scores range from 0 to 60 with higher scores indicating more depressive symptoms.
The CES-D was administered prior to the other instruments in the AREDS Cognitive Function
Battery. Depression in this report is used as a covariate.29–33

STATISTICAL ANALYSIS
This report provides a cross-sectional association of AMD and visual acuity with cognitive
impairment. The Dunnett multiple comparison test was used to compare the mean cognitive
function scores by AMD category and visual acuity group. Unadjusted and covariate-adjusted
means were computed using a generalized linear model. The covariates used included age (<70
years, 70–75 years, or >75 years), sex, education (≤high school or > high school), race (white
or other), diabetes mellitus (yes or no), smoking status (never, former, or current), antioxidants
(yes or no), use of cholesterol-lowering medication (yes or no), hypertension (yes or no), and
depressive symptoms28 (yes, CES-D score >16 or no, CES-D score ≤16).

The potential relationship of cognitive impairment with AMD and vision was explored in
unadjusted and adjusted logistic regression models. Cognitive impairment was predefined as
a score of less than 80 on the 3MS.22,34 All analyses were carried out using SAS version 8.0
(SAS Institute Inc, Gary, NC).

RESULTS
Of the 4757 subjects enrolled in AREDS, 4360 were alive at the time of the implementation
of the AREDS Cognitive Function Battery. Of the available AREDS subjects, 2946 (68%) are
included in this report. Of the 1414 subjects not included, 270 (19%) were lost to follow-up,
102 (7%) did not have fundus photographs and/or a visual acuity measurement within 1 year,
22 (2%) had an incomplete battery, and the remaining 1020 participants (56%) refused
participation in the ancillary study. Reasons for refusal included the following: time
commitment (n = 178); illness (n= 139); diagnosis or suspected AD and/or dementia (n = 120);
high anxiety and/or fear (n = 114); transportation problems (n = 66); relocation (n = 60); stopped
in-clinic visits (n = 45); language barrier (n= 10); hearing loss (n = 6); and other or unknown
(n = 282). Nonparticipants tended to have more macular abnormalities and worse visual acuity
in the better eye, were older and less educated, had hypertension, and were nonwhite and current
smokers at baseline (Table 1).

Results on the association between cognitive function and the AREDS clinical trial treatment
have been reported.35 That report found that supplementation with high doses of antioxidants
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or zinc did not have an effect on cognitive function. Because of this finding, the AREDS
treatment was not considered a covariate in the analyses to follow.

The 2946 participants included in this report had a mean age of 75 years (range, 61–88 years)
at the time of AREDS Cognitive Function Battery administration. Forty-four percent of the
participants had AMD status assessed on the same date of Cognitive Function Battery
administration. The mean (SD) length of time between AMD photographs and Cognitive
Function Battery administration was 77 (90) days. Fifty-five percent of the participants had
visual acuity status assessed on the same date of Cognitive Function Battery administration.
The mean (SD) length of time between visual acuity assessment and Cognitive Function
Battery administration was 58 (81) days. At the time of the Cognitive Function Battery
administration, 23% of the participants were classified as AMD Category 1, 29% were AMD
Category 2, 26% were AMD Category 3, and 22% were classified as AMD Category 4.
Seventy-two percent had visual acuity of 20/40 or better, 18% had visual acuity of worse than
20/40 in one eye, and 10% had visual acuity of worse than 20/40 OU at the time of Cognitive
Function Battery administration.

Characteristics by AMD category and visual acuity group are given in Table 2. Persons with
AMD or reduced vision were older, more likely to be of white race, less educated, and current
smokers. In addition, persons with reduced vision were more likely to have hypertension at
baseline.

Cognitive impairment was associated with increased age, less education, hypertension,
diabetes mellitus, and current smoking status. Nonwhite participants tended to be more
cognitively impaired compared with white participants (data not shown).

Mean cognitive function instrument scores significantly decreased with increased macular
abnormality (Table 3). After adjustment for age, sex, race, education, smoking status, diabetes
mellitus, use of cholesterol-lowering medications, antioxidants, and hypertension, significant
associations for participants with advanced AMD in at least one eye compared with participants
with little or no small drusen were attenuated for all instruments except the 3MS and Logical
Memory Part I. A significant trend remained for the Logical Memory Part I and 3MS
instruments (trend P value <.05). In an analysis restricted to 2121 subjects with vision 20/40
or better OU, a significant association remained for Logical Memory Part I and increased
macular abnormality (Table 4). In addition, a significant trend was found for the Logical
Memory Part II instrument and increased macular abnormality.

A covariate-adjusted logistic regression model was used to evaluate associations between
cognitive impairment and AMD status. Participants in AMD Categories 3 and 4 had an
increased yet nonsignificant risk of depression (Figure 1). The risk of cognitive impairment
(3MS score <80) for participants in AMD Categories 3 and 4 was increased yet not significantly
compared with Category 1 with odds ratios of 1.09 and 1.63, respectively.

Mean cognitive function instrument scores significantly decreased with increased visual
impairment (Table 5). After adjustment for age, sex, race, education, smoking status, diabetes
mellitus, use of cholesterol-lowering medications, antioxidants, and hypertension, significant
associations remained for the 3MS and letter fluency and animal category tasks.

In a covariate-adjusted logistic regression model, persons with visual acuity worse than 20/40
OU were more likely to be cognitively impaired compared with persons with visual acuity of
20/40 or better OU (Figure 2). Persons with visual acuity worse than 20/40 in one eye had an
increased yet nonsignificant risk of cognitive impairment.

Page 5

Arch Ophthalmol. Author manuscript; available in PMC 2006 May 31.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



COMMENT
In this study, we document the potential association between cognitive impairment, as
determined from the AREDS Cognitive Function Battery, and AMD, as determined from
detailed standardized retinal photographic grading and visual acuity. We found a potential
association of cognitive impairment with reduced vision and AMD. Persons with cognitive
impairment, as determined by the 3MS, were more likely to have reduced visual acuity and/or
AMD compared with those not cognitively impaired.

Age-related macular degeneration and cognitive impairment are both chronic
neurodegenerative disorders affecting an increasing number of persons as they age. Two
prospective studies have hypothesized that AMD and cognitive impairment may be associated
because they share a common pathogenesis.9,10 For example, the main common characteristic
of these diseases is the loss in cells of the nervous system. In both AMD and AD, early signs
include drusen and basal laminar deposits and senile plaques, which are associated with
macular and neuronal malfunction and cell loss on accumulation of these deposits.9,36

Two studies have evaluated the relationship between ARM and cognitive function.9,10 These
studies included small numbers of subjects with advanced AMD. The Rotterdam Study found
a weak association with late ARM and incident AD. This association was attenuated after
adjustment for various risk factors. The Atherosclerosis Risk in Communities Study found an
association between late ARM and reduced scores for a delayed recall instrument. Significant
associations were not found for 2 additional instruments: digit symbol subtest and word
fluency. The AREDS found a significant association after covariate adjustment for the 3MS
and Logical Memory Part I instrument with advanced AMD. We also found a significant
association for the 3MS and letter and verbal fluency tasks with worsening visual acuity.
Because of the clinical reliability of the 3MS in diagnosing suspected dementia, there is a
suggestion of an association between AMD and cognitive impairment.

The relationship between visual impairment and cognitive function may be due to degeneration
of the optic nerve and the retina. Electrophysiological studies have shown that the visual
pathways in patients with AD are impaired compared with those in persons without AD.37
Also, optimal cognitive function depends on processing and retrieval of information acquired
through the visual sensory system, thus possibly affecting performance on mental assessment
tests.19

In addition, it has been hypothesized that the relationship between visual and cognitive
impairment is based on the influence of visual impairment on the level and quality of interactive
experiences of older adults, thus reducing their capacity to develop and maintain relationships
and to participate in activities that may improve their physical, mental, and psychosocial well-
being.38 It has been postulated that vision impairment affects cognitive performance by
reducing the level of participation in these types of stimulating activities and thus leads to a
decrease in brain reserve.39,40 The lack of activity may exacerbate cognitive impairment
indirectly if it predisposes a person to depression and social isolation.41

A major strength of this report is the large number of participants with the advanced stage of
AMD or vision loss due to advanced AMD, along with the use of standardized photographs
assessed by trained and certified personnel at a reading center. Cognitive function was not the
primary outcome of our study, and this has led to a number of study limitations. The cognitive
testing occurred at the end of the trial, and we only can assess the cross-sectional comparison
of AMD and visual acuity and cannot determine whether increased macular abnormalities
influence the rate of cognitive decline. This report presents a cross-sectional look at the
relationship between cognitive impairment and AMD and visual loss and makes it impossible
to ascertain whether cognitive impairment occurred soon after the progression to advanced

Page 6

Arch Ophthalmol. Author manuscript; available in PMC 2006 May 31.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



AMD or visual loss or whether patients were already cognitively impaired for other reasons.
Another limitation is that not all subjects in the trial had cognitive testing. The fact that the
nonparticipants tended to be older and less educated and have worse vision and more severe
AMD suggests that if they would have participated, there may have been a greater proportion
of subjects who met criteria for cognitive impairment. Because some AREDS participants had
vision impairment, the extent to which published cognitive tests were vision dependent was
an important consideration in choosing the cognitive tests for this study. The 3MS contains 4
questions that are vision dependent. However, scoring of the 3MS allows for the prorating of
scores for subjects unable to perform visual-dependent tasks. The selection of the participants
in AREDS may have, in part, led to the association reported. Participants in AREDS Categories
3 and 4 at baseline were recruited by their retinal doctors in the clinic whereas persons in
AREDS Categories 1 and 2 were more likely to be volunteers recruited outside of the clinic.
These volunteers may have been less cognitively impaired than persons in AMD Categories 3
and 4. The fact that our findings remained consistent after controlling for various baseline
health status factors may have reduced the likelihood of this bias.

In conclusion, these data suggest a possible association of advanced AMD and visual acuity
with cognitive impairment in older persons.
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Figure 1.
The likelihood (odds ratio and 95% confidence interval) of cognitive impairment (Modified
Mini-Mental State Examination score <80) by age-related macular degeneration (AMD)
category. Reference group is AMD Category 1.
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Figure 2.
The likelihood (odds ratio and 95% confidence interval) of cognitive impairment (Modified
Mini-Mental State Examination score <80) by visual acuity (VA) group. Reference group is
vision 20/40 or better OU.
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Table 1
Baseline Characteristics of Subjects Included vs Those Not Included in the Analysis*

Baseline Characteristics Participants (n = 2496) Nonparticipants (n = 1414) PValue†

AMD category <.01
 Category 1 774 (26) 276 (19)
 Category 2 708 (24) 283 (20)
 Category 3 987 (34) 504 (36)
 Category 4 477 (16) 351 (25)
Visual acuity in better eye, mean (SD) 85 (5) 84 (5) <.01
Male 1281 (43) 593 (42) .33
White 2833 (96) 1338 (95) .02
Age at randomization, y, mean (SD) 68 (5) 70 (5) <.01
>High school education‡ 2036 (69) 792 (56) <.01
Use of cholesterol-lowering medications 259 (9) 122 (9) .86
Hypertension 1056(36) 611 (43) <01
History of diabetes mellitus 148 (5) 88 (6) .10
Antioxidants 1467 (50) 694 (49) .66
Current smoker 192 (7) 124 (9) <.01

Abbreviation: AMD, age-related macular degeneration.

*
Values are expressed as number (%) of subjects unless otherwise indicated.

†
Pvalue derived from t test for means and χ2 test for percentages.

‡
Three participants refused to answer.
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