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ABSTRACT

Background Diets rich in carotenoids may reduce cognitive impairment.Little is
known about dietaryzeaxanthin.Objective
Evaluatezeaxanthincarotenoidsupplementationagainstchange in cognitivestatus.
Methods AmericanPsychological Association (APA) certified cognitive evaluation
from theZeaxanthin and Vision Function Study (USFDA Investigative New
DrugIND#78,973),a 1 yearprospective randomized controlled trial (RCT) of elderly
males with mild age related macular degeneration. Neurocognitive
testing:Repeatable Battery for the Assessment of Neuropsychological Status
Update RBANSand Trail Making A & B. Subjects evaluatedatbaseline and 1
yearafter dietary isomer RRzeaxanthin (8 mg/d) alone or combined with lutein (9
mg/d) using one way ANOVA, (P<0.05) and T testing. Results n=50 subjects
completed both study visits.Delayed memory in the zeaxanthin groupimproved
from RBANS score of 91.8 (SD 16) to 994 (SD 12), P = 0.04.



42
43
44
45
46

47

48
49

50

51

52

53
54
55
56

57
58
59

60

61
62
63
64
65
66
67
68
69
70
71
72
73

74
75
76
77
78

Conclusions Zeaxanthin, typically minimally present in the US diet, may
nonetheless be important in the context of emergingrelationships in primates
between xanthophyll carotenoids and cognitive function. Additional larger scale
RCTs isindicated to investigate the clinical utility of this carotenoid in nutritional
neuroscience.

Key Words : age related macular degeneration, carotenoids, macular pigment,
cognition

2 Tables

Objectives:

The ZVF primary objectives were to evaluate the visual function properties of
zeaxanthin independent of lutein, and to assess the added benefit of dietary RR
zeaxanthin to traditional lutein supplementation, in elderly male veterans with
AMD|[1].Accordingly, for this segment of the study, the objectives were as follows:

1) Evaluate the effect of carotenoid zeaxanthinon cognitive status.
2) Evaluate the effect of 8 mg zeaxanthin combined with 9 mg lutein on
cognitive status.

Purpose and background:

Age-related macular degeneration(AMD) and cognitive impairment are both
neurodegenerative disorders associated with aging and have been hypothesized to
share common pathogenic pathways[2].In a large population based study, Wong et
al showed a weak association between cognitive function and early ARM. That is,
persons with severe cognitive impairment based on Word Fluency Test scores
were more likely to have early AMD (odds ratio (OR: 1.6, 95% confidence interval
[CI]: 1.1-2.2) and its components, soft drusen (OR: 1.6; 95% CI: 1.1-2.3) as well
aspigmentaryabnormalities (OR: 1.5; 95% CI. 0.9-2.5) than those without severe
impairment[3].In a later second large scale trial, persons with low Digit Symbol
Substitution Test (DSST) (lowest quartile of scores,=30) were more likely to have
early AMD (odds ratio, 1.38; 95%confidence interval, 1.03-1.85)[4].The authors
conclude that in older populations, cognitive impairmentmay share common age-
related pathogenesis and risk factors withearly AMD.

There is a growing body of literature to support the use of dietary carotenoids
l.e.lutein and zeaxanthin in the intervention of AMDI5,1].Research has linked vision
loss greater than 20/40 with cognitive impairment[6].In healthy older adults,
macular pigment optical density (MPOD) was only related to visual-spatial and
constructional abilities. More recently, for subjects with mild cognitive impairment
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(MCI), MPOD was shown to be broadly related to cognition including the composite
score on the mini-mental state examination, visual-spatial and constructional
abilities, language ability, attention and total scale on the Repeatable Battery for
the Assessment of Neuropsychological Status[7].MPOD is related to cognitive
function in primates and older adults, and a biomarker of L and Z embedded in all
neural tissue[8,9].

Older adults consuming the highest amounts of green leafy vegetables and
cruciferous vegetables (both rich sources of lutein) have slower cognitive decline
than those consuming the lowest amounts[10,11].Supplementation with lutein has
been shown to improve cognitive function in older women[12].As well, there is
increasing support for the idea that oxidative stress may play an important role in
the pathogenesis ofmore severe cognitive impairment, specifically Alzheimer’'s
disease (AD), the most common form of cognitive impairment.

Historical evolving evidence has suggested oxidative stress is highly implicated in
diseases associated with aging, and lesions typically associated with attacks by
free radicals have been found in the brains of persons with AD. The free radicals in
the brain that cause oxidative stress, high vascularity and metabolism along with
an abundance of fat, provide fodder for free radical attack and protection by
endogenous antioxidants[13]. However, early research with the specific
antioxidants A and E, thought related to beta amyloid toxicity in AD brains, were
found not associated with cognitive decline in non-demented subjects[14].

Nonetheless, more recent studies demonstrate that dietary antioxidants may
indeed help with slowing the pathogenesis and thereby the progression of cognitive
impairment. Observed delays in decline of ADL status, severe dementia,
institutionalization and death support this position[13]. Other large scale cross
sectional studies™ suggest that while it is unclear whether low levels of plasma
carotenoids precede or are the consequence of cognitive impairment, low
carotenoid levels may play a role in cognitive impairment. Plasma analysis of a
broad spectrum of antioxidantsincluding carotenoids in elderly groups with
unimpaired cognition, mild cognitive impairment (MCl)and Alzheimer's Disease
(AD),showed lower levels of peripheral levels and activities of antioxidants in the
MCI and AD groups as compared to healthy controls[16]. Therefore, it has been
hypothesized that diets rich in antioxidants or supplementation may reduce the risk
of cognitive impairment.Recently in the Georgia Centenarian Study, serum lutein,
zeaxanthin, and B-carotene concentrations were most consistently related to better
cognition (P < 0.05) in the whole population as well as centenarians. Only serum
lutein was significantly related to better cognition in octogenarians[17].

Obviously, a lifetime of healthy, nutritionally rich foods would be preferable to late
life supplementation.Yet, studies have statistically shown significant improvements
with verbal fluency and memory scores following lutein and n3 fatty acid
supplementation[12], and given that supplementation yields notoriously low
negative side effects, this therapy avenue has warranted continued



121 exploration.Accordingly, this study would purport to examine protective factors in
122 the form of dietary supplements that are found in neural tissues, and their effect on
123  both AMD and cognitive functions. While both zeaxanthin and lutein are found
124  throughout body tissues, the highest concentration exists in central neural regions,
125 namely the retina, as well as frontal and occipital cortical regions of the brain[8,9].

126  Study Design:

127  The present study was conducted as a portion of a larger, one-year, prospective
128 randomized, double blind, intention to treat, lutein (faux-placebo) controlled study
129  of patients with early and moderate AMD, as determined by a retinal specialist
130 using the AREDS 1 simplified scale. [1]No patients with advanced AMD were
131 included. The sample included 60 patients, equally assigned to one of two dietary
132 supplement treatment carotenoid pigment arms, or the traditional 9 mg non-
133  esterified lutein (Kemin Health, Des Moines IA)supplement control group. The
134  groups were broken down as follows: 8mg dietary RR zeaxanthin(Chrysantis, Ball
135  Horticulture, Inc, Chicago, IL) (n=25); 8 mg zeaxanthin + 9 mg lutein (n=25) and
136  the faux placebo 10 mg lutein control Group (n=10).

137  Subjects were patients in the Ophthalmology/Optometry Clinic at the North
138  Chicago VAMC with early AMD retinopathy participating in the Zeaxanthin and
139  Vision Function RCT (The ZVF Study Group (FDA IND #78,973)[1].Those with high
140  risk NEI AREDS retinopathy or who had taken lutein or zeaxanthin supplements or
141 had cataract or retinal surgery within the last 6 months were excluded. Those
142  subjects taking photosensitizing drugs, did not meet ophthalmic/visual entrance
143  criteria, had active comorbidities such as dementia (AD and non-AD type),
144  schizophrenia, severe diabetes, glaucoma, uveitis or optic neuritis or were taking
145  retinotoxic medications were all excluded.

146 Methods:

147  Age range of patients was 54 to 93 (mean of 75.1, SD = 10.0). Education ranged
148 from 6 years of formal education to 20 years (mean of 13.4, SD = 2.6).After
149  subjects were deemed eligible and informed consent was obtained, several
150 assessments were completed and subsequently published, including:

151 1. Demographic and Symptom Assessment
152 2. Ocular Physical Assessment

153 3. Macular Function andVisual Measurements
154 4. Neuropsychological Assessment

155  Macular pigment is a well known surrogate markerptdsma levels — more so as it
156  represents end organ tissue accumulation of casokeriollowing competition within the
157 duodenum for absorption as well as lipoproteinregation within the livelhe present
158  article focuses only on the Neuropsychological Assessment portion of the study at
159 baseline and final study visit.Neurocognitive testing consisted of Repeatable
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Battery for the Assessment of Neuropsychological Status (RBANS) and the Trail
Making Test A& B. RBANS is a brief and comprehensive cognitive assessment
tool with age stratified norms, which provides a more global assessment of
neuropsychological functioning for adults age 20 and older. Specifically,
neurocognitive domains evaluated include immediate and delayed memory,
attention, language and visuospatial/constructional abilities. Trail Making Test A &
B is a portion of the larger Halstead Reitan Neuropsychological Battery, and
measures simple and divided attention respectively. This test also taps speed of
information processing, sequencing and visual scanning abilities.Norms from
Tombaugh[18]were employed for the Trail Making Test, and norms published with
the RBANS were used to interpret those scores.

RBANS and Trail Making Test A& B were administered at baseline and one year,
at the conclusion of ZVF, by an APA certified neuropsychologist(KG-H) and her
team.

Statistics:

Data were determined to be normally distributed using the Kolmogorov-Smirnoff
and Shapiro-Wilk tests. Analysis of variance (ANOVA) was used to assess for
between group differences and the test of Scheffe was used to assess specific
comparisons. Bartlett's Test was also used to test ANOVA’s equal variances
assumption. Differential scores were taken (baseline pre-test -1 year post-test)
and placed in a correlation matrix. Within the group,changes over time were
assessed using a two sample, T test using an equal variances assumption. For all
tests an alpha level of 0.05 was considered statistically significant. All calculations
were made using STATA™ version 10.1 (College Station, Texas, USA).

Results:

In ZVF, 90% of subjects completed = 2 visits with an initial Age Related Eye
Disease Study (AREDS report #18) retinopathy score of 1.4 (1.0 SD) /4.0 (mild
macular degeneration), pill intake compliance of 96% and no adverse effects.*All
testing was administered by the ZVF study neuropsychologist or trained and
supervised technicians. Of 60 patients recruited, 60 completed the initial
assessment, and 50 completed the second assessment. Data from deceased
subjects (n = 2), those who dropped out (n = 7)or those who refused retesting (n =
1)were not analyzed. Therefore, the control group was comprised of 7 subjects of
the original 10, 21 of 25 zeaxanthin only, and 22 of 25 in the lutein + zeaxanthin

group.

In Table 1 appearthe mean (SD) descriptive statistics(age, education),
neurocognitive baseline and final RBANS and Trail Making A, B status. There was
initial unequal variance for the RBANS variables ‘Attention” and “Trail Making
Factors B” which failed to sustain statistical significance, by study end.



199  As there was no true placebo in the ZVF design, one way analysis of variance
200 (ANOVA) was performed on the entire data set to determine an effect from
201  carotenoid supplementation. The RBANS mean sample index and Z scores
202 indicated that, with the exception of immediate memory, the scores for simple and
203 divided attention, delayed memory, visuospatial/constructional abilities and
204 language were all in the average range. Immediate memory fell within the
205 lowaverage range, in comparison with age and educationally matched normative
206 samples:
207 * Immediate Memory ANOVA yielded F (2, 49) =1.58 with p=0.22.
208 « Visuospatial / constructional ANOVA yielded F (2, 49) = 0.731 with p=0.49.
209 * Language ANOVA yielded F (2, 49) =0.052 with p=0.95.
210 « Attention ANOVA yielded F (2, 49)= 1.35 with p=0.874.
211 * Delayed Memory ANOVA yielded F (2, 49) = 0.067 with p=0.96.
212 * Total RBANS Score ANOVA yielded F (2, 49) = 0.383 with p=0.68.
213 * Trails A ANOVA yielded F (2, 49) = 1.429 with p=0.25.
214 e Trails B ANOVA yielded F (2, 49) =0.039 with p=0.96.
215
216 Table 1.Mean (sd)ZVF population descriptive statist ics (age, education) and
217  neurocognitive baseline and final RBANS and Trail M aking A, B scores. Initial
218  baseline unequal variance for the variables ‘Attent  ion” and “Trail Making Factors B”
219 failed to sustain statistical significance, by stud y end.
Baseline Baseline Final Final
Bartlett's Test for Bartlett’s Test for
variable n mean  (sd) n mean (sd)
Equal Variance Equal Variance
Between Groups Between
Groups
Age (yrs) 60 751  10.0 NS NS
Education
(yrs) 60 134 2.6 NS NS
Immediate
Memory 60 88.3 153 NS 50 939 140 NS
Trails Making
Factors B 60 -0.8 1.7 0.05 50 -0.9 2.3 NS
Visual Spatial
Construction 60 98.4 197 NS 50 91.0 176 NS




Language 60 97.0 9.9 NS 50 99.1 8.6 NS
Attention 60 93.2 15.5 0.02 50 96.5 14.0 NS
Delayed
Memory 60 92.5 14.7 NS 50 95.4 16.0 NS
Total 60 91.6 13.3 NS 50 93.1 13.5 NS
Trails Making
Factors A 60 0.1 0.9 NS 50 -0.1 13 NS
220
221 In Table 2, changes in neurocognitive status over time, for each of the 3
222  intervention groups is presented with a T test P< 0.05 considered significant.
223 Individual and Total RBANS parameters as well as Trails A and B were all non-
224  significant with the exception of zeaxanthin, RBANS delayed memory. Delayed
225 memory in the zeaxanthin group improved from a RBANS score of 91.8 (SD 16) to
226 99.4 (SD 12), one way ANOVA, P = 0.04.
227  Table 2. Change in Neurocognitive status over time , for 3 intervention groups: faux
228  placebo lutein (left column); zeaxanthin (central ¢~ olumn) and zeaxanthin + lutein
229  (right column). 1 way Anova, P<0.05 considered significant.
Lutein P Zeaxanthin P L+Z P
n= mean (SD) value n= mean (SD)  value n= mean (SD)  value
Immediate Baseline =10  84.7 (16.5) Baseline =25  89.8 (16.0) Baseline =25  88.3 (14.5)
Memory  pipar=7 91.7 (17.5) NS Final = 21 96.5(10.4) NS Final = 22 92.0(16.1) NS
Visual Spa}tial Baseline = 10 102.6 (19.1) Baseline=25  99.0 (18.0) Baseline=25  96.1 (22.0)
Construction a1 =7 99.1 (19.2) NS Final = 21 93.6(159) NS Final = 22 85.9(17.8) NS
Baseline =10  91.8 (10.9) Baseline =25  98.6 (9.5) Baseline =25  97.4 (9.6)
Language
Final = 7 98.0 (5.2) NS Final = 21 98.0 (9.4) NS Final = 22 1005(89) NS
Baseline =10  85.7 (18.2) Baseline=25  90.2 (15.9) Baseline=25  99.3 (11.8)
Attention
Final = 7 97.9 (17.9) NS Final = 21 945(142) NS Final = 22 98.0(12.8) NS
Delayed Baseline =10  93.1(19.2) Baseline=25 91.8 (12.3) Baseline=25  93.0 (15.5)
Memory  pinai=7 97.9 (20.7) NS Final = 21 99.4 (11.8)  0.04 Final = 22 90.7 (17.0) NS
RBAN Baseline =10  89.0 (16.8) Baseline=25 91.4 (11.6) Baseline=25  93.0 (13.8)
TOTAL  Einal = 7 96.0 (17.9) NS Final = 21 93.7(11.4) NS Final = 22 91.6 (143) NS




Baseline =10  -0.50 (1.2) Baseline=25  0.10 (0.8) Baseline=25 0.4 (0.9)

Trails Making

A Final = 7 -0.99 (1.2) NS Final = 21 -0.18 (1.5) NS Final = 22 0.2 (1.0) NS

Baseline =10 -1.2 (1.7) Baseline=25 -0.74 (1.7) Baseline =25  -0.65 (1.8)

Trails Making

B Final = 7 -1.3(1.8) NS Final = 21 -0.65 (1.4) NS Final = 22 -0.99 (3.2) NS
230
231 Discussion:
232  No significant differences were found between the groups except for “Delayed
233  Memory”, suggesting no broad multi factorial effect was seen by supplementing
234  with zeaxanthin or by adding zeaxanthin to lutein. A larger sample size may have
235 been able to show an effect size. Notably,subjects did however maintain their
236  cognitive function during the duration of the study,lending at least modest support
237 for the hypothesis that xanthophyll carotenoids can slow the progression of
238  oxidative stress by containing free radicals and preserving neural tissue, over the 1
239  year ZVF study period, in elderly adult male veterans.
240 The strengths of this study are randomization, double masking and sensitive
241 instruments. The weaknesses were no true placebo and non — generalizable to
242  other populations such as the young, females and those without AMD. Differences
243  with other studies were subtle, and may have been enhanced by subject selection
244 and placement in groups with graded levels of dementia (i.e., unimpaired, mild
245 moderate and severe), that may have highlighted subtle effect(s). Subjects may
246  have also been ‘pre-screened for dementia’ or other comorbid conditions adversely
247  affecting cognitive performance.
248  The presence of a true ‘control group’ receiving a placebo instead of one of three
249 treatment groups may have been useful to underscore any difference that might
250 have been correlated with supplement use. As such, study design or subject
251 selection proceduresmay have been a factor in masking additional
252  benefit(s). Some studies actually stratify subjects’education-level[14], which is a
253  known protective factor in the development of cognitive impairment. SinceZVF
254  veterans manifested a broad range of education levels between 6 and 20 years,
255  but overall a higher than average mean level at 13.2 years, this may have had a
256  veiling effect on outcome.
257  Quite recently, serum markers of both oxidation and inflammation have been found
258 to predate the onset of AD[19,20]. It follows that dietary modification /
259  supplementation with carotenoids may take more than 1 year to mount an effect
260 size measurable by our selected instruments.
261  Future studies may also do well to pair serum markers with cognitive screening
262 tools completed by patients or their surrogates, functional visual assessment




263
264
265
266
267
268
269

270
271
272
273
274
275

276

277

278
279
280
281
282

283
284
285
286

287
288
289
290
291
292
293
294
295
296
297
298
299
300

measures and new objective structural measures of the human lens and retina.
This would yield data that could illuminate any relationship between plasma levels,
cognitive performance, objectiveocular tissuebiomarkersand patient/family
observations regarding functional cognitive capacity. Such a global data set would
enable researchers to evaluate cognitive  performance  andocular
functional/structural improvements, enhancing the ecological validity of evaluating
the eye and brain together.

In conclusion, cognitive decline and visual decline remain major comorbidities
among the aging population, with incidence increasing exponentially from 65 years
of age to 85 years of age[21].With the significant increase in both the number and
longevity of older persons, it becomes necessary to identify universal lifestyle
choices and treatment options that might slow or reduce the effects of aging on
both visual and cognitive disability. Xanthophyll carotenoids will surely play a role.

References:

1. Richer SP, Stiles WR, Graham-HoffmannK, Levin MR, Ruskin D, Wrobel J, et
al. Randomized, double-blind, placebo-controlled study of zeaxanthin and
visual function in patients with atrophic age-related macular degeneration: the
zeaxanthin and visual function study (ZVF) FDA IND#78,973.
Optometry.2011;82(11):667-680.e6. doi: 10.1016/j.0ptm.2011.08.008.

2. Nolan JM, Loskutova E, Howard AN, Moran R,Mulcahy R, Stack J, et al.
Macular pigment, visual function, and macular disease among subjects with
Alzheimer's disease: an exploratory study.J Alzheimers Dis. 2014;42(4):1191-
202.doi: 10.3233/JAD-140507.

3. Wong TY, Klein R, Nieto FJ, Moraes SA, Mosley TH. Is early age-related
maculopathy related to cognitive function? The atherosclerosis risk in
communities study.Am J Ophthalmol. 2002;134(6):828-35.

4. Baker ML, Wang JJ, Rogers S, Klein R, Kuller LH, Larsen EK, et al.Early age-
related macular degeneration, cognitive function, and dementiathe
cardiovascular health study.Arch Ophthalmol.2009;127(5):667-673. doi:
10.1001/archophthalmol.2009.30.

5. Richer SP, Stiles W, Statkute L, Pulido J, Frankowski J, Rudy D, et al. A placebo-
controlled, double blind, randomized trial of Iutein and antioxidant
supplementation for the treatment of age related macular degeneration: the Lutein
Antioxidant Supplementation Trial. Optometry. 2004;75:216-30.



301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344

6. AREDS Research Group. Cognitive impairment in the age related eye disease
study (AREDS report number 16). Archives of Ophthalmology.
2006;124(4):537-43.

7. Renzi LM, Dengler MJ, Puente A, Miller LS, Hammond BR Jr.Relationships
between macular pigment optical density and cognitive function in unimpaired
and mildly cognitively impaired older adults.Neurobiol Aging. 2014;35(7):1695-
9. doi: 10.1016/j.neurobiolaging.2013.12.024. Epub 2013 Dec 27.

8. Vishwanathan R, Neuringer M, Snodderly DM, Schalch W, Johnson EJ.Macular
lutein and zeaxanthin are related to brain lutein and zeaxanthin in
primates.NutrNeurosci. 2013;16(1):21-9.doi:
10.1179/1476830512Y.0000000024. Epub 2012 Jul 9.

9. Vishwanathan R, lannaccone A, Scott TM, Kritchevsky SB, Jennings BJ,
Carboni G, et al. Macularpigment optical density is related to cognitive function
in older people.Age Ageing. 2014;43(2):271-5.doi: 10.1093/ageing/aft210. Epub
2014 Jan 15

10.Kang JH, Ascherio A, Grodstein F. Fruit and vegetable consumption and
cognitive decline in aging women.Ann Neurol. 2005;57(5):713-20.

11.Morris MC, Evans DA, Tangney CC, Bienias JL, Wilson RS. Associations of
vegetable and fruit consumption with age-related cognitive change.Neurology.
2006;67(8):1370-6.

12.Johnson, EJ, McDonald, K, Caldarella, S, Chung H, Troen AM, Snodderly DM.
Cognitive findings of an exploratory trial of docosahexaenoic acid and lutein
supplementation in older women. Nutr Neur. 2008;11(2):75-83.doi:
10.1179/147683008X301450.

13.Christen Y. Oxidative stress and Alzheimer’s disease. Amer J ClinNutr.
2000;71(2):621S-9S.

14.Engelhart MJ, Ruitenberg A, Meijer J, Kiliaan A, van Swieten JC, Hofman A,
Witteman JC, et al. Plasma levels of antioxidants are not associated with
Alzheimer’s disease or cognitive decline. Dement GeriatrCognDisord.
2005;19(2-3):134-9.Epub 2004 Dec 23.

15.Akbaraly NT, Faure H; Gourlet V;Favier A; Berr C. Plasma carotenoid levels
and cognitive performance in an elderly population: results of the EVA study. J
Gerontol A BiolSci Med Sci. 2007;62(3):308-16.

16.Rinaldi P, Polidori MC, Metastasio A, Mariani E, Mattoli P, Cherubini A, et al.
Plasma antioxidants are similarly depleted in mild cognitive impairment and in

10



345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364

365
366
367

Alzheimer’s disease 2003. Nov (the cochrane controlled trials register —
cctr/central) Neuro Aging. 2003;915:915-9.

17.Johnson EJ, Vishwanathan R, Johnson MA, Hausman DB, Davey A, Scott TM,

et al. Relationship between Serum and Brain Carotenoids, a-Tocopherol, and
Retinol Concentrations and Cognitive Performance in the Oldest Old from the
Georgia Centenarian Study. J Aging Res. 2013;2013:951786. doi:
10.1155/2013/951786. Epub 2013 Jun 9

18.Tombaugh, TN. Trail making test a and b: normative data stratified by age and

education. Arc Clin Neur. 2004;19:203-14.

19.Nguyen JC, Killcross AS, Jenkins TA. Obesity and cognitive decline: role of
inflammation and vascular changes. Front Neurosci. 2014;8:375.doi:
10.3389/fnins.2014.00375. eCollection 2014.

20.Clarke JR, LyraESilva NM, Figueiredo CP, Frozza RL, Ledo JH, Beckman D,
Katashima CK, et al. Alzheimer-associated AB oligomers impact the central
nervous system to induce peripheral metabolic deregulation. EMBO MolDed.
2015;7(2):190-210. doi: 10.15252/emmm.201404183.

21.Bernstein AB, Remsburg RE. Estimated prevalence of people with cognitive
impairment. Results from a nationally representative community and
institutional surveys. Gerontologist. 2007;47:350-4.

11



