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Abstract

Introduction: The objective was to determine whether closer adherence to the alternative
Mediterranean Diet (aMED) was associated with altered cognitive function.

Methods: Observational analyses of participants (n = 7,756) enrolled in two randomized trials of
nutritional supplements for age-related macular degeneration: Age-Related Eye Disease Study
(AREDS) and AREDS?2.

Results: Odds ratios for cognitive impairment, in aMED tertile 3 (vs 1), were 0.36 (P=.0001)
for Modified Mini-Mental State (<80) and 0.56 (£ =.001) for composite score in AREDS, and
0.56 for Telephone Interview Cognitive Status-Modified (<30) and 0.48 for composite score (each
P<.0001) in AREDS2. Fish intake was associated with higher cognitive function. In AREDS2,
rate of cognitive decline over 5 to 10 years was not significantly different by aMED but was
significantly slower (P=.019) with higher fish intake.

Discussion: Closer Mediterranean diet adherence was associated with lower risk of cognitive
impairment but not slower decline in cognitive function. Apolipoprotein E (APOE) haplotype did
not influence these relationships.

TAppendix of AREDS and AREDS2 Research Group appear at the end of the manuscript
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1

INTRODUCTION

Dementia is a common and incurable disorder with major implications for individuals,
families, and society. The worldwide prevalence of dementia was estimated in 2016 at 44
million and is projected to pass 115 million by 2050.1.2 Alzheimer’s disease (AD) is the
most common form of dementia. Following the failure of many phase 11 trials, no medical
treatment is currently available to prevent, delay, or modify the course of dementia.® Thus
modifying therapies and preventative approaches are important. Indeed, one third of AD
cases worldwide have been attributed to potentially modifiable risk factors.*

Slow neurocognitive decline throughout life is an expected part of normal aging.>~’
However, some people experience accelerated cognitive decline, and may be at high risk of
dementia.8 Altering the trajectory of cognitive decline through preventative approaches
may be particularly fruitful in this population, that is, decreasing progression to mild
cognitive impairment (MCI) and/or from MCI to dementia.

Diet may be an important factor in influencing progression to MCI and dementia. As a
modifiable environmental factor, diet can exert profound effects on biological aging,10-14
and has been associated with age-related conditions linked to dementia, including
cardiovascular disease and diabetes.1>16 Regarding food groups, fish intake has attracted
attention for an association with slower decline in cognition and memory.1’ The
Mediterranean diet pattern has received interest.18.19 At least 14 systematic reviews have
been conducted in this area, 20 but the results of these and the constituent observational
studies have been inconsistent.?! In addition, the question of potential interactions between
diet and genotype in influencing cognitive decline remains controversial.17:22:23

The Age-Related Eye Disease Study (AREDS) and AREDS2 were multicenter phase 111
randomized clinical trials (RCT) designed to assess the effects of nutritional
supplementation on progression to late age-related macular degeneration (AMD).24:25
According to some epidemiologic studies and a meta-analysis, AMD and dementia are
associated at the population level 2627 Indeed, AMD and AD are both neurodegenerative
conditions of aging and share some environmental risk factors, including smoking and
hypertension; however, their genetic risk profiles are distinct.28-30

The aims of this report were to use AREDS/AREDS? for post hoc analyses to: (1) examine
potential associations between Mediterranean diet adherence and both cross-sectional status
and longitudinal changes in cognitive function, and (2) assess interactions between
Mediterranean diet adherence and genotype in influencing cognitive function.
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2 METHODS

The AREDS/AREDS? study designs, described previously,24:31:32 involved recruitment
from U.S. retinal specialty clinics: AREDS, 4,757 participants (55-80 years) with no AMD
to unilateral AMD, recruited (1992-1998) at 11 sites and AREDS2, 4,203 participants (50—
85 years) with bilateral large drusen or unilateral late AMD, recruited (2006—-2008) at 82
sites. Institutional review board approval was obtained at each site and written informed
consent was obtained from all participants. The research was conducted under the
Declaration of Helsinki and, for AREDS2, complied with the Health Insurance Portability
and Accessibility Act.

2.1 | Study procedures

AREDS participants were randomly assigned to placebo, antioxidants, zinc, or the
combination.2* AREDS2 participants were randomly assigned to receive the supplements
that lowered risk of AMD progression in AREDS, either (1) alone, or with additional (2)
lutein/zeaxanthin, (3) docosahexaenoic acid (DHA) plus eicosapentaenoic acid (EPA), or (4)
the combination.2® Eligible participants had to provide informed consent and be free of
conditions that would make follow-up or medication compliance difficult. This assessment
was made by a physician. Hence, participants with dementia at baseline were effectively
excluded.

2.2 AREDS and AREDS2: Ancillary studies of cognitive function

An AREDS ancillary study examining cognitive function was added to the protocol3! and
the tests were administered (25-30 minutes) in person by certified interviewers from 2000 to
2004. Of the 4,360 AREDS participants alive at ancillary study implementation, 3,070
(70%) consented and completed testing.3!

An AREDS2 ancillary study examining cognitive function was pre-specified in the protocol.
32 The tests were administered (30 minutes) over the telephone by certified interviewers.
Justification for telephone testing had previously been demonstrated in AREDS data.33 The
first testing administration was within 3 months of randomization. Repeat administrations
occurred every 2 years, until close-out of the main study at 5 years. Of the 4,203 AREDS?2
participants, 3,501 (83.3%) consented and completed testing.32 Following close-out at 5
years, 1,447 (41.3%) participants underwent repeat testing at 10 years in a follow-on study.

The batteries of cognitive function tests used have been described previously.31:32 The
individual tests are listed in Table 1 and described in greater detail in the supporting
information. These included the Modified Mini-Mental State Examination (3MS), for
AREDS, and the Telephone Interview Cognitive Status-Modified (TICS-M, a version of the
3MS), for AREDS?2. In addition, a composite score (representing an overall score for the
whole battery) was calculated as the sum of the z-scores for each test within the battery.32:33

2.3 | Outcome measurements

The primary outcome measurement was cognitive impairment, defined as (1) 3MS < 80
(AREDS) or TICS-M < 30 (AREDS?2), and (2) composite score in the lowest decile (Table
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1). The secondary outcome measurements were absolute scores of the (1) 3MS (AREDS) or
TICS-M (AREDS?2), and (2) composite.

2.4 | Modified Alternative Mediterranean diet index score

Validated food frequency questionnaires (FFQs) were administered to all participants at
randomization: the AREDS FFQ, a 90-item, semi-quantitative modified Block FFQ,3* and
the AREDS2 FFQ, a 131-item, semi-quantitative Harvard FFQ.3%:36 |n both FFQs,
participants were asked how often, on average, they had consumed each food/beverage item
during the preceding year.

The FFQs were used to determine the number of medium-sized servings of each food item
consumed per week (or gram/day for alcohol). To calculate the modified Alternative
Mediterranean Dietary Index (aMED) score, the foods were summed to obtain the intake for
each of nine components: whole fruits, vegetables, whole grains, nuts, legumes, red meat,
fish, monounsaturated fatty acid:saturated fatty acid ratio, and alcohol. For each component,
sex-specific intake quartiles=* were calculated (separately for AREDS and AREDS?2), with
quartile 4 representing highest intake. Alcohol intake was converted into binary format: 4 for
intake within the specified intervals (5-15 g/d [female] or 10-15 g/d [male]) and 1 for intake
above or below the specified intervals.3” The quartiles for red meat were reversed (ie,
quartile 4 with highest intake scored 1, as least aMED-adherent, and quartile 1 with lowest
intake scored 4). The aMED score was calculated as the sum of quartile values for the nine
components (range 9-36).

25 Genotype analysis

As part of AREDS/AREDS?, 2,889 (AREDS) and 1,826 (AREDS2) participants consented
to genotype analysis. Single nucleotide polymorphisms (SNPs) were analyzed using a
custom Hlumina Human-CoreExome array.28 APOE haplotypes were defined by rs429358
and rs7412.38 Following a previous report,3° three additional SNPs were analyzed: CRI
(rs3818361), CLU(rs11136000), and PICALM (rs3851179).

2.6 | statistical analyses

For analyses of cognitive impairment, logistic regression was performed; for cognitive test
scores, general linear models were used (mixed model regression for AREDS2). For
AREDS?2, the regression accounted for repeated measures, number of tests, and unequal
time spacing by using a spatial power correlation; an autoregressive correlation structure was
used for the repeated measures logistic regression. Significance was set at 0.013
(Bonferroni). For AREDS2, to compare rates of cognitive decline between aMED tertiles,
data from participants with multiple testing were analyzed using a model that included an
interaction term of time-point and aMED tertiles. Significance was set at 0.025 (Bonferroni).

The analyses of cognitive test scores were repeated, including an interaction term of aMED

and genotype. Significance was set at 0.003 (Bonferroni). Further regression analyses were

performed for the nine aMED components: separate models were made for each component
(component i), adjusting for the modified aMED that did not include the respective
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component (modified aMED = total aMED - component i). Significance was set at 0.0014
(Bonferroni).
All models were adjusted for baseline age, sex, race, smoking, diabetes, hypertension,
baseline depression score (Center for Epidemiological Studies-Depression Scale [CES-D]
=16 or not), total calorie intake, and (AREDS2 only) years from baseline. Participants were
excluded from an analysis if they had missing covariates or data for the relevant test.
Analyses were conducted using SAS version 9.4 (SAS Institute Inc).

RESULTS

31 | Participants

3.2

The AREDS enrolled 4,757 participants. Of the 4,360 participants alive at ancillary
cognitive study implementation, 3,074 (70.5%) consented and completed one or more
cognitive tests. Of these, 3,029 (98.5%) were included in one or more analyses in the current
study. Similarly, AREDS2 enrolled 4,203 participants. Of these, 3,501 (83.3%) completed
one or more cognitive tests, and 3,326 (95.0%) were included in one or more analyses. The
characteristics of the participants are shown in Table 2, and their dietary intake in Tables S1
and S2 in supporting information. In the AREDS, the proportion of participants with
cognitive impairment (3MS < 80) at the single time point of assessment was 3.9%. In the
AREDS?2, the proportion with cognitive impairment (TICSM < 30) at the study baseline was
14.8%. APOE risk haplotypes were significantly associated with increased risk of cognitive
impairment and with lower test scores, in both AREDS and AREDS2 (Table S3 in
supporting information).

Cross-sectional analysis of cognitive function by diet score

The results of cross-sectional analyses, according to aMED tertiles, are shown in Figure 1.
In AREDS, the odds ratios for cognitive impairment, in aMED tertile 3 (vs 1), were 0.36 (P
=.0001; 3MS) Figure 1A and 0.56 (P =.001; composite) Figure 1A. As regards absolute
scores, the regression estimates, in aMED tertile 3 (vs 1), were +1.3 (P<.0001) and +1.0 (P
<.0001), respectively Figure 1B. In AREDS2, the equivalent odds ratios were 0.56 (P
<.0001; TICS-M) and 0.48 (P < .0001; composite) Figure 1C and equivalent linear
regression estimates were +1.0 (P<.0001) and +1.5 (P < .0001) Figure 1D, respectively.
Hence, higher aMED was associated with significantly lower risk of cognitive impairment
and higher cognitive scores, with dose-response associations. The individual results for each
test are shown in Figure S1 in supporting information, and the results of sensitivity analyses
also in the supporting information.

The analyses were repeated with the inclusion of the interaction term between aMED and
AREDS treatment assignment (by [1] treatment assignment, [2] antioxidant as main effect,
and [3] zinc as main effect) or AREDS2 treatment assignment (by [1] treatment assignment,
[2] DHA/EPA as main effect, and [3] lutein/zeaxanthin as main effect). In all cases, no
significant interactions were observed (even at the nominal level).

In analyses of interactions between aMED and APOE haplotype, no significant interactions
were observed in either AREDS or AREDS?2 for the outcome of cognitive impairment.
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Similarly, in analyses of interactions between aMED and CR1, CLU, and PICALM
genotypes, no significant interactions were observed in either cohort.

3.3 | ARESD2 longitudinal analysis of cognitive function, according to diet score

3.4

35 |

Longitudinal analyses were possible in AREDS?2, owing to the repeated nature of the
cognitive assessments (at baseline, 2, 4, and 10 years), but not in AREDS, where the
cognitive assessments were not repeated. In AREDS2, the rate of change over time in
cognitive function scores was not significantly different according to aMED tertiles: the ~-
interaction values between aMED tertile and study year were 0.22 (TICS-M) and 0.91
(composite). As shown in Figure 2, the proportion of participants with cognitive impairment
changed over time in a similar way, irrespective of aMED tertile. The differences in mean
TICS-M scores between participants in aMED tertiles 3 and 1 were: +0.8 (AREDS2
baseline), +1.0 (year 2), +0.9 (year 4), and +1.0 (year 10) Figure 2A. Similarly, the
differences in mean composite scores were: +1.4, +1.6, +1.4, and +1.2, respectively Figure
2B.

APOE risk haplotypes were significantly associated with faster decline in cognitive function
scores (P < .0001). However, no significant interactions were observed between aMED and
APOE haplotype, in terms of rate of decline (P-value for interaction = 0.80 for TICS-M and
P-value for interaction = 0.51 for the composite).

Cross-sectional analysis of cognitive function, according to individual components

The results of cross-sectional analyses, according to quartiles of individual aMED
components, are shown in Figure 3. Significant and consistent associations were observed
for fish intake in both AREDS and AREDS2. In AREDS, the odds ratios for cognitive
impairment, in quartile 4 (vs 1), were 0.36 (P=.001; 3MS) Figure 3A and 0.54 (P=.001;
composite) Figure 3B. In terms of absolute scores, the regression estimates, in quartile 4 (vs
1), were +1.5 (P< .0001) Figure 3C and +1.2 (P < .0001) Figure 3D, respectively. In
AREDS?2, the equivalent odds ratios were 0.50 (P< .0001; TICS-M) Figure 3E and 0.54 (P
=.001; composite) Figure 3F and estimates were +1.0 (P < .0001) Figure 3G and +1.5 (P
<.0001) Figure 3H, respectively. In addition, significant protective associations were
observed for vegetable intake in both AREDS and AREDS2, and for nut intake and
moderate alcohol intake in AREDS2.

In analyses of interactions between fish intake and APOE haplotype, for the outcome of
cognitive impairment, no significant interactions were observed.

Longitudinal analysis of cognitive function, according to fish intake

In AREDS?2, the rate of change over time in cognitive function scores was different
according to fish intake quartiles: the ~-interaction values between quartile and study year
were 0.019 (TICS-M) and 0.61 (composite). By regression analyses, the decline in TICS-M
scores over time was numerically less steep for participants in fish intake quartile 4 (-0.19
[-0.23, —0.15] per year) versus 1 (-0.28 [-0.33, —0.22]).
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4 | DISCUSSION
4.1 | Main findings, interpretation, and comparison with literature

Higher aMED adherence was associated with lower risk of cognitive impairment and higher
cognitive function scores, with dose-response relationships. This finding was consistent
between the two study populations of older people without frank dementia at baseline, one
comprising individuals with a wide spectrum of AMD severity (including no disease) and
the other comprising individuals with at least intermediate AMD. The strength of the
negative association with cognitive impairment was relatively large, with odds ratios of
~0.5-0.6 for aMED tertile 3 versus 1.

As regards individual components of the Mediterranean diet, the strongest and most
consistent results were observed for fish intake, which was associated with lower risk of
cognitive impairment and higher cognitive function scores. This finding was consistent
between the two study populations. Again, the strength of the negative association was
relatively large. It is therefore likely that fish intake contributed strongly to the findings
observed for the Mediterranean diet.

The absolute differences in test scores by aMED tertile and fish intake were small so may
not be clinically significant at the individual level, despite being highly statistically
significant. However, the differences were sufficient to generate large differences in the risk
of cognitive impairment, using the predefined cut-off criteria established in the literature. In
addition, we consider that they are likely to be clinically meaningful at the population level.

In further analyses (see Table S4 in supporting information), we considered the possibility
that the protective associations observed between aMED and cognitive function might be
partially explained by education level. However, in both cohorts, after adjustment for
education, the odds ratios for cognitive impairment and the estimates for cognitive function
scores remained significant and were only slightly attenuated. In addition, mediation
analyses#041 were not consistent with the presence of education level as an important
confounding variable.

In AREDS?2 longitudinal analyses, higher aMED was not associated with slower declinein
cognitive function, though higher fish intake did appear associated. Hence, in these studies,
closer Mediterranean diet adherence and higher fish intake were associated with strong
cross-sectional but absent or weaker longitudinal differences in cognitive function, over the
5- to 10-year time period studied.

These results are partially consistent with the results of previous prospective studies
analyzed in at least 14 systematic reviews of the Mediterranean diet and cognitive function.
20 Their constituent prospective studies may be considered in three categories: (1) no
positive findings,*2-4° (2) positive findings for cognitive level but not decline, 4647 and (3)
positive findings for cognitive decline.#8-56 The current study is therefore most consistent
with the studies in category (2). In one of these, conducted on U.S. women (Nurses’ Health
Study), higher aMED was associated with higher cognitive function but not slower decline
in global cognition, TICS, or verbal memory.#6 Consistent with our study, higher intakes of
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vegetables and fish were each independently associated with higher verbal memory scores.
In the other previous study, higher aMED was also associated with differences in cognitive
level but not decline;*” higher intake of legumes was independently associated with higher
3MS scores, while no signal was observed for fish or other components.

One recent systematic review confined itself to RCTs of the Mediterranean diet.2% Of the
five RCTs examined, four contained findings that were mostly non-significant, with small
effect sizes. However, one RCT conducted in Spain found that participants randomized to a
Mediterranean diet had higher cognitive function scores after 6.5 years than those
randomized to a low-fat control diet.>’

Regarding fish intake, again, multiple systematic reviews have been conducted.17:58-62 |n 3
recent meta-analysis of five cohort studies, higher fish intake was associated with slower
decline in global cognition, particularly episodic memory.1” However, these significant
relationships were generally not present in the individual studies and emerged only after
pooling data. The current study adds strength to this potentially important association. Other
meta-analyses have observed that higher fish intake is associated with decreased risk of
dementia®8.60 and/or AD.58-61

In this study, no interactions influencing cognitive function were observed between APOE
and either aMED or fish intake. As regards fish intake, the recent meta-analysis mentioned
above observed no evidence of effect modification by genotype at APOE or other AD-
associated genes,” while previous smaller studies reported interactions with APOE.22:23

Similarly, no interactions were observed between aMED and CRI, CLU, or PICALM
genotype. This is in contrast to the Spanish RCT: in participants with T alleles at CL U,
randomization to a Mediterranean diet led to significantly higher Mini-Mental State
Examination scores; for participants without T alleles, no difference was found.3°

Interpretation and implications

The results demonstrated positive associations with higher adherence to a Mediterranean-
type diet that were maintained but generally not substantially altered over follow-up of 10
years (with the possible exception of the findings for fish intake and cognitive decline).
There are several potential explanations for differing associations with cognitive impairment
versus cognitive decline. One possibility is that cognitive decline truly differs according to
aMED, but the strength of the association was too small to be captured in this study; a larger
sample size and longer follow-up period might be required. In addition, AREDS/AREDS?2
participants likely had healthier diets and lifestyles than the U.S. population, and higher
median education level, which may have led to narrower distributions of cognitive function
and decline.

Alternatively, cognitive decline may not differ according to aMED. Differences in cognitive
levels by diet might be explained by differences in peak cognitive function, much earlier in
life, caused by differential aMED adherence, followed by relatively equal rates of decline.
Previous authors have argued that the factors that influence neurocognitive development to
peak cognitive function may not necessarily overlap with those that cause
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neurodegeneration.? However, higher peak cognitive function associated with aMED
adherence might, in this context, represent superior resilience to neurodegeneration in the
form of greater brain reserve or cognitive reserve.53 Finally, confounding by unmeasured
health or socioeconomic factors may have explained the protective association with
cognitive level, though this is less consistent with the positive findings from the previous
RCT.5’

4.3 | Strengths and limitations

4.4

Strengths include the use of two datasets with large size, long follow-up time, and
standardized collection of information (including genetic data in most participants).
Limitations include post hoc hypothesis generation, likely exclusion of those AREDS/
AREDS? participants with substantial cognitive impairment, possible residual or
unmeasured confounding (eg, physical activity), and differences in variables between the
cohorts (eg, body mass index). Also, diet assessment by FFQ contains non-differential
measurement error, though energy adjustment may partially address this.64:65 Because of
inherent differences in AREDS and AREDS2 FFQs, differences exist in assignment of food
items to components.

The FFQ was administered at baseline only in AREDS but at baseline and during follow-up
in AREDS?2. Because the dietary data at baseline were used as the predictor of interest in
both cohorts, these analyses assume that diet did not change substantially during follow-up.
However, this assumption is supported in AREDS?2 by comparison of the baseline FFQ and
the repeat FFQ (median interval of 5.4 years). At the cohort level (n = 2,970 participants),
the median aMED was unchanged at 21.0 and the median intakes were essentially
unchanged for each component. At the individual level, the median change in aMED was 0.0
and the median changes in intake were essentially zero for most components.

The study may have limited generalizability to populations with different dietary patterns.
Because this study was conducted in cohorts in which most participants had some degree of
AMD, complete generalizability to general populations (without AMD) is not certain.
However, given that AMD and AD have distinct genetic risk profiles,28:2% without
significant genetic pleiotropy,3 a high degree of generalizability might be expected. For
example, the proportions of AREDS/AREDS?2 participants with £2/£3/e4 APOE haplotypes
are as might be expected for a predominantly white population without frank dementia.

CONCLUSIONS

In these two U.S. study populations, closer adherence to a Mediterranean-type diet was
associated with lower risk of cognitive impairment and with higher cognitive function. The
same applied to higher fish intake. APOE genotype did not significantly influence either
relationship. However, closer Mediterranean diet adherence was not associated with
decreased cognitive decline. These findings may help inform evidence-based dietary
recommendations, adding strength to evidence that Mediterranean-type diet patterns may
maximize cognitive reserve against impairment and dementia.
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RESEARCH IN CONTEXT

Systemic Review: Dementia, a leading cause of global disability in older
people, has no available disease-modifying therapies. Observational data from
two large clinical trials of nutritional supplements for the treatment of age-
related macular degeneration (AMD) were analyzed to test whether closer
adherence to a Mediterranean diet was associated with altered cognitive
function.

Interpretation: Closer adherence to a Mediterranean diet was associated with
lower risk of cognitive impairment but not cognitive decline. However, higher
fish consumption was significantly associated with slower cognitive decline.
APOE genotype did not influence these relationships.

Future Directions: These findings may help inform evidence-based dietary
recommendations to maximize cognitive reserve against dementia. Using the
same data, future analyses will evaluate individual nutrients that may be
responsible for the inverse association between the diet and cognitive function
found in these two studies.
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HIGHLIGHTS
. Mediterranean diet adherence was associated with decreased risk of cognitive
impairment
. Higher fish consumption was associated with decreased risk of cognitive

impairment and slower cognitive decline
. APOE status did not influence these relationships

. A Mediterranean diet may be recommended in dietary guidelines

Alzheimers Dement. Author manuscript; available in PMC 2021 August 02.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Keenan et al.

A. AREDS OR of Cognitive Impairment or have to spell out Odds Ratio

Modified Odds ratio (95%C1)

Modified Mini-Mental

Tertile 2 —

Tertile 3 —
Composite score

Tertile 2 ———

Tertile 3 —

0.71(0.46,1.09)

0.36 (0.21,0.61)

0.74 (0.55,1.00)

0.56 (0.40,0.78)

02 03 0405 07 09
C. AREDS2 OR of Cognitive Impairment
Odds ratio (95%CI)

TICS Total
Tertile 2 ——
Tertile 3 ——
Composite
Tertile 2 —
Tertile 3 —

—_—T T T T T
0.4 05 06 070809 1

FIGURE 1.

T
11

0.76 (0.63,0.91)

0.56 (0.47,0.67)

0.68 (0.53,0.87)

0.48 (0.37,0.63)

P

.0001

.05

.001

P

.003

<.0001

.003

<.0001

P-trend

.0002

.001

P-trend

<.0001

<.0001

Page 16

B. AREDS Estimates of Cognitive Test Score Differences
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Odds ratios for cognitive impairment and estimates of cognitive test score differences (with
95% confidence intervals) by tertiles of the modified Alternative Mediterranean Diet.
Results are shown in comparison to tertile 1 (reference), following adjustment for baseline
age, sex, race, smoking, diabetes, hypertension, baseline depression score (Center for
Epidemiologic Studies Depression Scale [CES-D] =16 or not), total calorie intake, and
(AREDS?2 only) years from baseline. Significance was set (by Bonferroni correction) at P

=.013
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AREDS?2 Longitudinal Changes of Cognitive Scores by Dietary Intake
B
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FIGURE 2.
Participants with cognitive impairment (A) and estimates of cognitive test scores (B) from

the Telephone Interview Cognitive Status-Modified, by tertiles of the modified Alternative
Mediterranean Diet, in the Age-Related Eye Disease Study 2
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Odds ratios for cognitive impairment and estimates of cognitive test score differences (with

95% confidence intervals) by quartiles of the individual components of the modified

Alternative Mediterranean Diet. Results are shown in comparison to quartile 1 (reference),

following adjustment for baseline age, sex, race, smoking, diabetes, hypertension, baseline

depression score (Center for Epidemiologic Studies Depression Scale [CES-D] =16 or not),
total calorie intake, and (AREDS2 only) years from baseline. For all components except

alcohol, higher quartiles refer to higher levels of intake of the component. For alcohol

(considered in binary fashion), group 2 (“in interval™) refers to intake within the specified
interval (ie, adherent to the modified alternative Mediterranean diet), while group 1

(reference) refers to intake above or below the specified interval. For red meat, higher
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quartiles refer to higher levels of intake, which is less adherent to the modified alternative
Mediterranean diet. For monounsaturated fatty acid:saturated fatty acid ratio (MUFA:SFA),
higher quartiles refer to higher ratios of MUFA:SFA intake, which is more adherent to the
modified alternative Mediterranean diet. Significance was set (by Bonferroni correction) at P
=.0014
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TABLE 1

Cognitive function tests used, ranges in their scores (possible and observed within the study), and cut-off
points used to define cognitive impairment

Range possible  Range in study

Cognitive function test Min Max Min Max  Cut-off point
Age-Related Eye Disease Study

3MSa 0 100 47 100 <79
Buschke immediate recall 0 100 0 833 <83
Buschke overall word list 0 12 0 112 <33
Logical memory part | 0 75 0 69 <22
Logical memory part I 0 50 0 45 <9
Animal category 0 - 0 44 <11
Letter fluency 0 - 1 91 <21
Logical memory part | 0 75 0 69 <22
Logical memory part 11 0 50 0 45 <9
Digits backward” 0 12 0 12 <3
Composite score® - - -235 179 =770
Age-Related Eye Disease Study 2

Tics-m? 0 41 12 41 <29
TICS-M recall 0 10 0 10 =0
Animal category 0 - 0 43 <10
Letter fluency 0 - 0 118 <19
Alternating fluency 0 - 0 14 <1
Logical memory part | 0 75 0 69 <22
Logical memory part 11 0 50 0 46 <9
Digits backwards” 0 100 0 100 =23
Composite score® - - -211 176 =70

3MS, Modified Mini-Mental State Examination; TICS-M, Telephone Interview Cognitive Status-Modified.

aThe 3MS has a predefined cut-off point for cognitive impairment of 80 and the TICS-M has one of 30. For the other tests, cognitive impairment is
defined as being in the lowest decile, except for the TICS-M recall, for which it is defined as being in the lowest quintile. In both study cohorts, the
cut-off points were determined using only the participants included in the analyses; in AREDS2, the cut-off points were determined using all time
points (though the same cut-off point was used for all study visits)

bDifferent versions of the digits backward test were used in AREDS and AREDS2, hence the difference in the score ranges.

c . . .
Composite score is the sum of Z-scores from each test within the battery.
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