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Looking to the Future
The number of Americans surviving into their 80s, 
90s and beyond is expected to grow dramatically 
due to medical advances, as well as social and 
environmental conditions.206 Additionally, a large 
segment of the American population — the baby 
boom generation — has begun to reach age  
65 and older, ages when the risk for Alzheimer’s and 
other dementias is elevated. By 2030, the segment 
of the U.S. population age 65 and older will increase 
substantially, and the projected 74 million older 
Americans will make up over 20 percent of the total 
population (up from 14 percent in 2012).206 As the 
number of older Americans grows rapidly, so too will 
the numbers of new and existing cases of Alzheimer’s 
dementia, as shown in Figure 4.A12,31

• In 2010, there were an estimated 454,000 new 
cases of Alzheimer’s dementia. By 2030, that 
number is projected to be 615,000 (a 35 percent 
increase), and by 2050, 959,000 (a 110 percent 
increase from 2010).190

• By 2025, the number of people age 65 and older 
with Alzheimer’s dementia is estimated to reach  
7.1 million — almost a 35 percent increase from the 
5.3 million age 65 and older affected in 2017.A13,31

• By 2050, the number of people age 65 and older 
with Alzheimer’s dementia may nearly triple, from 
5.3 million to a projected 13.8 million, barring the 
development of medical breakthroughs to prevent 
or cure Alzheimer’s disease.A12,31 Previous estimates 
based on high-range projections of population 
growth provided by the U.S. Census suggest that 
this number may be as high as 16 million.A14,207
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New Diseases

• Alzheimer’s disease 

• Vascular dementia 

• Stroke  

• Parkinson’s disease



Alzheimer’s



1 in 10
people age 65 and older
has Alzheimer’s disease.



89%
increase in deaths due to
Alzheimer’s between 2000 and 2014.
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Between 2000 and 2014, deaths from Alzheimer’s 
disease as recorded on death certificates increased 
89 percent, while deaths from the number one 
cause of death (heart disease) decreased 14 percent 
(Figure 5).208 The increase in the number of death 
certificates listing Alzheimer’s as the underlying 
cause of death reflects both changes in patterns of 
reporting deaths on death certificates over time as 
well as an increase in the actual number of deaths 
attributable to Alzheimer’s.

State-by-State Deaths from  
Alzheimer’s Disease
Table 5 provides information on the number of deaths 
due to Alzheimer’s by state in 2014, the most recent 
year for which state-by-state data are available. This 
information was obtained from death certificates and 
reflects the condition identified by the physician as 
the underlying cause of death. The table also provides 
annual mortality rates by state to compare the risk of 
death due to Alzheimer’s disease across states with 
varying population sizes. For the United States as 
a whole, in 2014, the mortality rate for Alzheimer’s 
disease was 29 deaths per 100,000 people.A15,208
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$259 billion
total annual payments for caring for 
individuals living with Alzheimer’s or 
other dementias in 2017.



15 million
Americans provide 18 billion unpaid 
care hours for people with Alzheimer’s 
or other dementias, valued at $230 
billion. 

More than 



The Big Myth

Source: Alzheimer’s Drug Discovery Foundation



Normal Aging

Mild Cognitive 
Impairment

Alzheimer’s

No change

Other dementias



Sperling, et al. (2011). Alzheimer's & dementia, 7(3), 280-292.



99.6% 
Alzheimer’s drug failure rate.

In more than 400 clinical trial between 2000 to 2012



Treatment & Research

• Only 4 drugs for symptomatic management  

• Inadequate models: Mice are Not Men/Women 

• Clearance vs. Restoration



Genetics
• Polygenetic disease: more than 90% in origin 

• Apolipoprotein E4 

• Presenilin 1 

• Presenilin 2 

• Amyloid Precursor Protein (APP)



Opportunity Lost

Wrong target 

Wrong models 

Wrong timing 
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RISK 
FACTORS

PROTECTIVE 
FACTORS

1. Aerobic exercise, 
resistance training, 
and balance 
strengthening. 
Learn more in 
Chapter 4.

2. Walking 
meditation, mindful 
breathing, yoga, 
and others. Learn 
more in Chapter 5.

3. Learn more about 
benefi cial and 
harmful foods on 
page 126.
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Dietary Confusion



Loma Linda

• The only Blue 
Zone in the US 

• Focus on Lifestyle 
and preventive 
medicine 



 Decade of Evidence

 Adventist Health Study: 

A 1993 study titled “The Incidence of Dementia and 
Intake of Animal Products,” found that in a group of 
over 3,000 individuals, those who ate meat—
including those who ate only poultry and fish—had 
twice the risk of developing dementia compared to 
vegetarians.



 Decade of Evidence

 The Chicago Health and Aging Project: 

Longitudinal study, 2500 older adults, those who 
consumed higher amounts of saturated and trans 
fatty acids over a six-year period had a higher risk 
of developing Alzheimer’s, while those eating fats 
derived from plants had a lower risk. 



Kaiser Permanente Northern California Group: 

9,900 patients, individuals with high cholesterol 
during midlife had a 57% higher risk of developing 
Alzheimer’s disease later on. Even borderline high 
cholesterol increased the risk of Alzheimer’s by 23%.

 Decade of Evidence



Women’s Health Study

• Nearly 6,000 women followed over a 4-years 

• Higher saturated fat intake was associated with a 
poor trajectory of cognition—specifically a faster 
decline in memory by 70% 

• Women with the lowest saturated fat intake had 
the brain function of women six years younger

 Decade of Evidence





Mediterranean Diet Score Construct

• Meat, poultry, and 
dairy 

• Sugar

•  Vegetables 

• Fruits 

• Whole grains  

• Nuts and seeds  

• Legumes 

• Mono- and Polyunsaturated 
fats 

• Fish - as a source of omega 
fats

High Score Low Score



MIND Diet

• Emphasizes whole food, 
plant-based diet 

• Limits meat, poultry, dairy 
and sugar 

• Specifies consumption of 
berries, green leafy 
vegetables and beans
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MIND diet associated with reduced incidence of Alzheimer’s disease

Martha Clare Morrisa,*, Christy C. Tangneyb, Yamin Wanga, Frank M. Sacksc,
David A. Bennettd,e, Neelum T. Aggarwald,e

aDepartment of Internal Medicine and the Rush Alzheimer’s Disease Center at Rush University Medical Center, Chicago, IL, USA
bDepartment of Clinical Nutrition and the Rush Alzheimer’s Disease Center at Rush University Medical Center, Chicago, IL, USA

cDepartment of Nutrition, Harvard School of Public Health, Boston, MA, USA
dDepartment of Behavioral Sciences and the Rush Alzheimer’s Disease Center at Rush University Medical Center, Chicago, IL, USA

eDepartment of Neurology and the Rush Alzheimer’s Disease Center at Rush University Medical Center, Chicago, IL, USA

Abstract Introduction: In a previous study, higher concordance to the MIND diet, a hybrid Mediterranean-
Dietary Approaches to Stop Hypertension diet, was associated with slower cognitive decline. In
this study we related these three dietary patterns to incident Alzheimer’s disease (AD).
Methods: We investigated the diet-AD relations in a prospective study of 923 participants, ages 58 to
98 years, followed on average 4.5 years. Diet was assessed by a semiquantitative food frequency
questionnaire.
Results: In adjusted proportional hazards models, the second (hazards ratio or HR 5 0.65, 95%
confidence interval or CI 0.44, 0.98) and highest tertiles (HR 5 0.47, 95% CI 0.26, 0.76) of
MIND diet scores had lower rates of AD versus tertile 1, whereas only the third tertiles of the
DASH (HR 5 0.61, 95% CI 0.38, 0.97) and Mediterranean (HR 5 0.46, 95% CI 0.26, 0.79) diets
were associated with lower AD rates.
Discussion: High adherence to all three diets may reduce AD risk. Moderate adherence to the MIND
diet may also decrease AD risk.
! 2015 The Alzheimer’s Association. Published by Elsevier Inc. All rights reserved.

Keywords: Cognition; Alzheimer’s disease; Nutrition; diet; Epidemiological study; Aging

1. Introduction

Dietary patterns have been associated with protective
relations to cognitive decline and incident dementia in epide-
miological studies [1,2]. Encouraging support for these
findings was recently provided by reports of secondary
analyses of two dietary intervention trials. In the Prevenci!on
con Dieta Mediterr!anea (PREDIMED) trial [3], participants
at high vascular risk were randomized to dietary counseling
of either the Mediterranean diet (supplemented with either
extra-virgin olive or mixed nuts) or a low-fat control diet. Af-
ter 6.5 years of nutritional intervention, those randomized to
the Mediterranean diet had significantly higher scores on

the Mini-Mental State Examination (MMSE) and Clock
Drawing Test compared with the control diet participants.
In the second trial [4], 124 overweight participants with
elevated blood pressure were randomized to the DASH diet
(Dietary Approaches to Stop Hypertension) alone or in com-
bination with exercise and caloric restriction, or to a usual diet
control group. After 4 months of the intervention, the partic-
ipants on the DASH diet exhibited greater improvements in
psychomotor speed compared with the usual diet control.

The results of these dietary intervention trials provide
evidence that dietary patterns may reduce the risk of demen-
tia. However, whereas both the cultural-based Mediterra-
nean diet and the blood pressure-lowering DASH diet have
demonstrated protective effects on cardiovascular conditions
that can adversely affect brain health, their dietary compo-
nents may not specifically capture the levels and types of
foods shown to optimize brain health. In a previous study,

*Corresponding author. Tel.: (312) 942-3223; Fax: (312) 942-2861.
E-mail address: martha_c_morris@rush.edu

http://dx.doi.org/10.1016/j.jalz.2014.11.009
1552-5260/! 2015 The Alzheimer’s Association. Published by Elsevier Inc. All rights reserved.
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MIND diet slows cognitive decline with aging

Martha Clare Morrisa,*, Christy C. Tangneyb, Yamin Wanga, Frank M. Sacksc, Lisa L. Barnesd,e,f,
David A. Bennette,f, Neelum T. Aggarwale,f

aDepartment of Internal Medicine at Rush University Medical Center, Chicago, IL, USA
bDepartment of Clinical Nutrition at Rush University Medical Center, Chicago, IL, USA

cDepartment of Nutrition, Harvard School of Public Health, Harvard University, Boston, MA, USA
dDepartment of Behavioral Sciences at Rush University Medical Center, Chicago, IL, USA

eDepartment of Neurological Sciences at Rush University Medical Center, Chicago, IL, USA
fRush Alzheimer’s Disease Center at Rush University Medical Center, Chicago, IL, USA

Abstract Introduction: The Mediterranean and dash diets have been shown to slow cognitive decline; how-
ever, neither diet is specific to the nutrition literature on dementia prevention.
Methods: We devised the Mediterranean-Dietary Approach to Systolic Hypertension (DASH) diet
intervention for neurodegenerative delay (MIND) diet score that specifically captures dietary compo-
nents shown to be neuroprotective and related it to change in cognition over an average 4.7 years
among 960 participants of the Memory and Aging Project.
Results: In adjusted mixed models, the MIND score was positively associated with slower decline in
global cognitive score (b5 0.0092; P, .0001) and with each of five cognitive domains. The differ-
ence in decline rates for being in the top tertile of MIND diet scores versus the lowest was equivalent
to being 7.5 years younger in age.
Discussion: The study findings suggest that theMIND diet substantially slows cognitive declinewith
age. Replication of these findings in a dietary intervention trial would be required to verify its rele-
vance to brain health.
! 2015 The Alzheimer’s Association. Published by Elsevier Inc. All rights reserved.

Keywords: Cognition; Cognitive decline; Nutrition; Diet; Epidemiologic study; Aging

1. Introduction

Dementia is now the sixth leading cause of death in the
United States [1] and the prevention of cognitive decline,
the hallmark feature of dementia, is a public health priority.
It is estimated that delaying disease onset by just 5 years will
reduce the cost and prevalence by half [2]. Diet interventions
have the potential to be effective preventive strategies. Two
randomized trials of the cultural-based Mediterranean diet
[3] and of the blood pressure lowering DASH diet (Dietary
Approach to Systolic Hypertension) [4] observed protective

effects on cognitive decline [5,6]. We devised a new diet that
is tailored to protection of the brain, called the
Mediterranean-DASH diet intervention for neurodegenera-
tive delay (MIND). The diet is styled after theMediterranean
and DASH diets but with modifications based on the most
compelling findings in the diet-dementia field. For example,
a number of prospective studies [7–10] observed slower
decline in cognitive abilities with high consumption of
vegetables, and in the two US studies, the greatest
protection was from green leafy vegetables [7,8].
Furthermore, all these studies found no association of
overall fruit consumption with cognitive decline. However,
animal models [11] and one large prospective cohort study
[12] indicate that at least one particular type of fruit—
berries—may protect the brain against cognitive loss.

The authors have no relevant disclosures of potential conflicts of interest.
*Corresponding author. Tel.: 11-312-942-3223; Fax: 11-312-942-

2861.
E-mail address: martha_c_morris@rush.edu
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1552-5260/! 2015 The Alzheimer’s Association. Published by Elsevier Inc. All rights reserved.
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Discussion
This study suggests that higher adherence to the MeDi
is associated with a reduction in risk for AD and slower
cognitive decline. The gradual reduction in AD risk for
higher tertiles of MeDi adherence also suggests a pos-
sible dose–response effect. The associations between
MeDi and incident AD remained unchanged and sig-
nificant even when simultaneously adjusting for the
most commonly considered potential confounders for
AD, such as age, sex, ethnicity, education, APOE ge-
notype, caloric intake, and body mass index. Higher
adherence to MeDi reduced risk for probable AD ei-
ther with or without coexisting stroke.

The association between high adherence to the
MeDi and lower risk for AD may be mediated by the
composite effect of some of its beneficial components,
such as higher intake of fish,12,13 fruits, and vegetables
rich in antioxidants such as vitamin C,4–6 vitamin
E,4–8 and flavonoids9 and higher intake of unsaturated
fatty acids.10–12 Some of the inconsistencies regarding
some of the above dietary elements and risk for AD in
the existing literature may be a result of failure to con-
sider possible additive and interactive (antagonistic or
synergistic) effects among nutritional components,
which may be captured in a composite dietary pattern
such as the MeDi. For example, the effect of fish con-

sumption in reducing blood pressure57 and blood lip-
ids58 appears to be much more pronounced in subjects
following a low-fat diet. When individual components
used to derive the MeDi pattern were examined in our
study, mild-to-moderate alcohol consumption and
higher vegetable intake were associated with decreased
risk for AD in unadjusted models. Nevertheless, none
of the individual components was a significant AD pre-
dictor when other confounders were considered. These
results strengthen even further our initial hypothesis
that composite dietary patterns can capture dimensions
of nutrition that may be missed by individual compo-
nents, and that an overall dietary pattern is likely to
have a greater effect on health than a single nutrient.

The MeDi may play a role in multiple potential
mechanisms including oxidative stress and inflamma-
tion, which are both important in the pathogenesis of
AD.59 Complex phenols and many other substances
with important antioxidant properties such as vitamin
C, vitamin E, and carotenoid60–62 are found in high
concentrations in the typical components of the MeDi.
In the Attica epidemiological study, participants on the
highest tertile of the MeDi score had 20% lower CRP
levels and 17% lower interleukin-6 serum levels.63

Higher adherence to the MeDi also has been associated
with significant reduction in various other inflamma-
tory and coagulation markers including white blood
cell counts and fibrinogen levels.63

Given the growing evidence for contribution of vas-
cular risk factors in AD risk,64,65 vascular mechanisms
are important to consider.59 There is strong evidence
relating the MeDi to lower risk for vascular risk factors
such as hypertension, dyslipidemia, and diabe-
tes.29,34,35,66 Subjects in the highest tertile of MeDi
adherence have also been reported to have 15% lower
homocysteine levels.63 Thus, vascular variables are
likely to be in the causal pathway between MeDi and
AD and should be considered as possible mediators.
Because mediators, as contrasted with confounders,
should not be controlled for in the statistical analysis,67

and in accordance with previous MeDi-related analyt-
ical approaches,68 we did not include specific vascular
variables in our models.

Although most studies of the MeDi have been con-
ducted in Mediterranean populations, recent studies
have indicated MeDi-related health benefits in other
populations such as northern European,68,69 Indian,35

and Australian populations,70 suggesting that the ad-
vantages of the MeDi are transferable to other popula-
tions. Our study provided the opportunity to examine
the effect of MeDi in a multiethnic community in the
United States, and our results support the notion that
the beneficial effects of the MeDi are generalizable to
different populations.

This study has limitations. The use of an a priori
distribution-derived MeDi score assumes underlying

Fig 2. Survival curves based on Cox analysis comparing cu-
mulative Alzheimer’s disease (AD) incidence in subjects be-
longing to each Mediterranean diet (MeDi) tertile (p for
trend ! 0.007). Low tertile (score 0–3; light gray lines)
corresponds to lower adherence to MeDi, middle tertile (score
4–5; dark gray lines) to middle adherence, and high tertile
(score 6–9; black lines) to higher adherence. Figure is derived
from a model that uses all subjects and is adjusted for cohort,
age, sex, ethnicity, education, apolipoprotein E genotype, ca-
loric intake, smoking, comorbidity index, and body mass in-
dex. Duration of follow-up is truncated at 10 years.

918 Annals of Neurology Vol 59 No 6 June 2006
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“Each additional unit of the MeDi score was associated with 9 
to 10% less risk for development of AD, and progression of the 

disease.”



4 Cardiovascular Psychiatry and Neurology

Executive function Psychomotor speed
Verbal fluency Mental flexibility and sequencing

MemoryAbnormal MMSE

Cerebral hypoperfusion

Disturbed hemodynamics

Energy substrate delivery

Clearance of Abeta and various toxins

Proteinopathy and Abeta misfolding 

C
AT

C
H

Hypothetical cardiovascular disease cascade in cognitve decline

Cardiovascular disease risk factors

Figure 2: Hypothetical model based on the collective evidence
available showing how cardiovascular risk factors give rise to
disturbed hemodynamic flow patterns inducing cerebral hypoper-
fusion. Chronic insufficiency of blood flow to the brain may reach
a critically attained threshold of cerebral hypoperfusion (CATCH)
[19] responsible for lowered energy substrate delivery and creation
of a neurono-glial energy crisis, initially in brain regions where
memory and learning are localized. Further downstream, an
increase in protein pathology (↑ proteinopathy), featuring protein
misfolding of Abeta peptide, ensues followed by impaired clearance
of waste products including Abeta [175]. Reduced Abeta clearance
from the brain is possibly due, as we predicted, to an impaired
microcirculation causing an ineffective efflux of waste products
[121]. Deficits (↓) of nonmemory executive function, verbal and
mental abilities, and psychomotor speed are ostensibly the first
subclinical changes in cognitive dysfunction prior to more advanced
cognitive impairment.

a variety of mechanisms. It can lead to reduced ejection
fraction, heart failure, heart attack, and other cardiovascular
complications.

Low ejection fraction or low cardiac output in elderly
patients with heart failure is reported to be associated with
impairments of specific aspects of attention, specifically
continuous vigilance and discriminability [63]. Low cardiac
output has been found to be associated with impairment of
executive function, including sequencing and planning [64]
(Figure 2).

Cardiac resynchronization therapy is a relatively recent
intervention that has been shown to increase cardiac func-
tion in symptomatic heart failure resulting from systolic dys-
function. It does this essentially by improving cardiac hemo-
dynamics, ventricular contractility, and stroke volume while
reducing myocardial energy consumption [65]. This tech-
nique has shown usefluness in improving executive and visu-
ospatial functioning and neurocognitive measures of atten-
tion in patients with low left ventricular ejection fraction as
compared to similar patients who did not undergo cardiac
resynchronization therapy [66, 67].

Age may be a determinant of potential cognitive dys-
function. When ejection fraction dropped below 30%,
patients older than 63 years showed a significant decline in

memory performance, specifically, verbal delayed recall and
recognition as compared to those under 63 years who were
able to maintain stable memory function or similar ejection
fraction levels [68]. Although subtle cognitive changes may
progress to global cognitive decline and dementia, this con-
clusion requires further work to prove or disprove. Neverthe-
less, it provides a preventive guide when clinical testing
detects elderly patients with low ejection fraction or card-
iac output. These findings show that advancing age, car-
diovascular pathology, and cognitive function are closely
linked, and that novel interventions to correct impending
cardiac hemodynamic homeotassis could make a difference
in preventing or significantly slowing a potential pathway to
dementia.

5. Atrial Fibrillation

Atrial fibrillation is a heart rhythm disorder (arrhythmia)
usually involving a rapid heart rate. In the normal heart,
the rate of ventricular contraction is the same as the rate of
atrial contraction. In atrial fibrillation, however, the rate of
ventricular contraction is less than the rate of atrial contrac-
tion. This condition can lead to a decrease in cardiac output
diminishing the amount of blood pumped into the body by
the ventricles because the atria are unable to fill the ventricles
adequately due to their rapid rate of contraction and their
absence of normal contractions. The risk of atrial fibrillation
increases with age and is more common in males [69].

Not surprisingly, studies have shown an association
between atrial fibrillation and diminished cognitive function
leading to AD in the absence of stroke, high blood pressure,
and diabetes [70]. The risk of AD after atrial fibrillation
has been reported stronger than for vascular dementia when
cerebrovascular events were examined in a population-based
study [71]. A more recent prospective study of 37,000
patients with a mean average age of 60 showed a significant
increase in cognitive impairment incidence during a 5 year
follow-up period [72].

Atrial fibrillation also appears to involve a significant
conversion to dementia in nondemented subjects whether
or not cognitive impairment was present [73]. Many studies
have shown that atrial fibrillation induces significant brain
hypoperfusion [74] which can compromise the aging cere-
brovasculature. Although the true mechanism that associates
atrial fibrillation to cognitive impairment is unclear, a sus-
picion is that cerebral hypoperfusion may be triggered by the
chronic arrhythmia present [75].

6. Aortic and Mitral Valve Prolapse

Few studies have examined the effects of myocardial valve
damage and its possible effect on cognitive function. Autopsy
findings have reported significant aortic and mitral valve
damage in AD subjects when compared to a nondemented
control group [76]. This association between valvular dam-
age and AD is consistent with the presence of brain hypo-
perfusion at an early stage of AD pathology [76], or even
prior to AD, an observation that supports previous findings
[77]. A more recent study revealed that left atrial fatigue



R.S. Marshall / Hemodynamics and Cognitive Impairment 635

Fig. 1. Levels of hemodynamic impairment associated with cognitive dysfunction. Hemispheral flow impairment due to carotid artery stenosis
illustrated by angiogram of internal carotid artery stenosis; global flow impairment illustrated by heart failure; microvascular blood flow
impairment illustrated by arteriolar anatomy.

or prevent its decline is being formally tested in the
NINDS-sponsored Randomized Evaluation of Carotid
Occlusion and Neurocognition (RECON) trial [28]. In
this study, PET measurements were taken in all patients
with recently symptomatic carotid occlusion. Among
those with increased OEF, indicating so-called stage-II
hemodynamic failure, half received EC-IC bypass and
half best medical therapy alone. Hemisphere-specific
and global cognitive tests were administered at base-
line and two years after randomization. The differences
in two-year cognitive scores between the surgical and
medical groups will determine whether direct cere-
bral hemodynamic treatment of patients with known
hemodynamic failure can benefit cognitively from
hemispheral reperfusion. Although the final results
are pending, baseline results showed that after adjust-
ing for age, education, side of occlusion, depression,

and previous stroke, cognition was significantly worse
among those with stage-II hemodynamic failure and
no stroke as a qualifying event (AvgZ-score = –1.41
versus –0.76, p = 0.040) [29]. RECON also used a
hemisphere-specific cognitive testing approach.

Reversibility of cognitive dysfunction due to hypop-
erfusion was recently tested in an animal model
[30]. Sprague-Dawley rats underwent surgical steno-
sis of the carotid arteries and demonstrated cognitive
impairment on the Morris water maze. Rats were sub-
sequently relieved of the stenosis surgically after 14
days, or alternatively, treated with donepezil. Com-
pared with the drug-treated animals, the rats with relief
of the stenosis showed improved CBF by laser Doppler,
normalized P300 evoked responses, and faster water
maze times 2 weeks and 4 weeks after the stenosis
was relieved. These results showed that in the setting

Marshall, R. Journal of Alzheimer’s Disease,2012
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A 2 year multidomain intervention of diet, exercise, cognitive 
training, and vascular risk monitoring versus control to 
prevent cognitive decline in at-risk elderly people (FINGER): 
a randomised controlled trial
Tiia Ngandu, Jenni Lehtisalo, Alina Solomon, Esko Levälahti, Satu Ahtiluoto, Riitta Antikainen, Lars Bäckman, Tuomo Hänninen, Antti Jula, 
Tiina Laatikainen, Jaana Lindström, Francesca Mangialasche, Teemu Paajanen, Satu Pajala, Markku Peltonen, Rainer Rauramaa, 
Anna Stigsdotter-Neely, Timo Strandberg, Jaakko Tuomilehto, Hilkka Soininen, Miia Kivipelto

Summary
Background Modifi able vascular and lifestyle-related risk factors have been associated with dementia risk in 
observational studies. In the Finnish Geriatric Intervention Study to Prevent Cognitive Impairment and Disability 
(FINGER), a proof-of-concept randomised controlled trial, we aimed to assess a multidomain approach to prevent 
cognitive decline in at-risk elderly people from the general population.

Methods In a double-blind randomised controlled trial we enrolled individuals aged 60–77 years recruited from 
previous national surveys. Inclusion criteria were CAIDE (Cardiovascular Risk Factors, Aging and Dementia) 
Dementia Risk Score of at least 6 points and cognition at mean level or slightly lower than expected for age. We 
randomly assigned participants in a 1:1 ratio to a 2 year multidomain intervention (diet, exercise, cognitive training, 
vascular risk monitoring), or a control group (general health advice). Computer-generated allocation was done in 
blocks of four (two individuals randomly allocated to each group) at each site. Group allocation was not actively 
disclosed to participants and outcome assessors were masked to group allocation. The primary outcome was change 
in cognition as measured through comprehensive neuropsychological test battery (NTB) Z score. Analysis was by 
modifi ed intention to treat (all participants with at least one post-baseline observation). This trial is registered at 
ClinicalTrials.gov, number NCT01041989.

Findings Between Sept 7, 2009, and Nov 24, 2011, we screened 2654 individuals and randomly assigned 1260 to the 
intervention group (n=631) or control group (n=629). 591 (94%) participants in the intervention group and 599 (95%) 
in the control group had at least one post-baseline assessment and were included in the modifi ed intention-to-treat 
analysis. Estimated mean change in NTB total Z score at 2 years was 0·20 (SE 0·02, SD 0·51) in the intervention 
group and 0·16 (0·01, 0·51) in the control group. Between-group diff erence in the change of NTB total score per year 
was 0·022 (95% CI 0·002–0·042, p=0·030). 153 (12%) individuals dropped out overall. Adverse events occurred in 
46 (7%) participants in the intervention group compared with six (1%) participants in the control group; the most 
common adverse event was musculoskeletal pain (32 [5%] individuals for intervention vs no individuals for control).

Interpretation Findings from this large, long-term, randomised controlled trial suggest that a multidomain 
intervention could improve or maintain cognitive functioning in at-risk elderly people from the general population.
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Foundation, Juho Vainio Foundation, Novo Nordisk Foundation, Finnish Social Insurance Institution, Ministry of 
Education and Culture, Salama bint Hamdan Al Nahyan Foundation, Axa Research Fund, EVO funding for University 
Hospitals of Kuopio, Oulu, and Turku and for Seinäjoki Central Hospital and Oulu City Hospital, Swedish Research 
Council, Swedish Research Council for Health, Working Life and Welfare, and af Jochnick Foundation.

Introduction
Late-life cognitive impairment and dementia have become 
serious human, social, and economic burdens.1 WHO1 and 
the G8 Dementia Summit (2013)2 emphasised prevention 
as a key element to counteract the dementia epidemic. 
Findings from observational studies have linked several 
vascular and lifestyle-related risk factors with increased 
risk of late-life cognitive impairment and Alzheimer’s 
disease, the most common cause of dementia.3 A third of 
Alzheimer’s disease cases worldwide are estimated to be 

attributable to seven modifi able factors (low education, 
midlife hypertension, midlife obesity, diabetes, physical 
inactivity, smoking, and depression), providing prevention 
opportunities.3 However, randomised controlled trials are 
desperately needed to confi rm these associations and 
investigate strategies to maintain cognitive functioning 
and prevent cognitive impairment.4,5

Previous single-domain prevention trials for cognitive 
impairment and dementia have yielded mainly negative 
results.4 Some positive associations with cognition were 
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functioning in some studies) [6], the aim is to achieve an ad-
equate intake with a balanced diet. However, vitamin D sup-
plementation (10–20 mg/day) is advised [19], and fish oil
supplements are recommended for participants not consum-
ing fatty fish. Additional dietary measures can be taken ac-
cording to individual needs related to disease history and
medication. The need for weight loss is considered individ-
ually and energy intake that facilitates 5–10% of body
weight reduction is recommended only if necessary. Food
consumption and nutrient intake is assessed by 3-day food
records at baseline, 12 months, and 24 months. Additional
information on specific foods (i.e., fish) is assessed by
a food frequency questionnaire.

The physical exercise training program is based on inter-
national guidelines [20] and represents a modified version of
the Dose-Responses to Exercise Training (DR’s EXTRA)
study protocol [13]. Training is guided and supervised by
study physiotherapists. The intervention comprises individ-
ually tailored, progressive muscle strength training and aer-
obic exercise programs, including exercises to maintain and
improve postural balance (Table 2). The muscle strength
training is conducted at the gym and guided by study phys-
iotherapists during the first 6 months. The progressive
strength training program is based on repetition maximum
(RM) measurements at baseline and remeasurements at 1,
3, 6, 10, 15, and 20 months. The strength training program
is standardized to include exercises for the eight main mus-
cle groups (knee extension and flexion, abdomen and back
muscles, rotation, upper back and arm muscles, and press
bench for lower extremity muscles). Postural balance exer-
cises are done during each training session at the gym. Indi-
vidual aerobic training is planned together with each study
participant and comprises activities preferred by the partici-
pant. Aerobic group activities, such as Nordic walking, aqua
gym, jogging, and gymnastics, are also provided in the study.

Muscle strength training and aerobic exercise are recorded in
diaries throughout the intervention period.

Cognitive training targets cognitive domains most sensi-
tive to aging and with a central role in everyday situations
(episodic memory, executive function, mental speed, and
working memory). The selection of the training was guided
by a model that highlights three separate but related execu-
tive functions [21]. Training is done in group sessions and in-
dividually using a computer-based program that was
specially adapted for the FINGER from protocols previously
shown to be effective in shorter term RCTs [22]. Certain
tasks were added to offer variation to this year-long training
program. The cognitive training consists of 10 group ses-
sions lead by a psychologist (approximately 60–90 min-
utes/session), when the computer program is introduced,
and group discussions on memory-related themes are con-
ducted. Discussions cover topics such as age-related changes
in cognition, memory strategies, and every-day memory
training. The computer-based training includes two periods
of independent training of 6 months each, when participants
train using the cognitive training program three times/week,
10–15 minutes/session, for a total of 72 training sessions per
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Fig. 2. FINGER protocol.

Table 2
Progression of the resistance and aerobic training program

0–1 mo 1–3 mo 3–6 mo 6–24 mo

Resistance exercise
Exercise frequency per week 1–2 1–2 2 2–3
Duration of exercise (min) 30–45 30–60 45–60 60
Number of muscle groups 8–10 8–10 8–10 8–10
Repetitions/set 8–15 10–20 8–20 8–20
Load % 1RM 40–50 60 70 70–80
Number of sets 2 2–3 1–3 2–3

Aerobic exercise
Exercise frequency per week 2 2–3 3–4 3–5
Duration of exercise (min) 30–45 30–45 30–60 45–60

M. Kivipelto et al. / Alzheimer’s & Dementia - (2013) 1–94

Kivipelto et al. Alzheimer’s & Dementia, 2013
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data in the study. The report was approved for submission 
by all authors. The corresponding author had fi nal 
responsibility for the decision to submit for publication.

Results
Between Sept 7, 2009, and Nov 24, 2011, 2654 individuals 
were screened and 1260 were randomly assigned to the 
intensive intervention group (n=631) or control group 
(n=629; fi gure 1). 1168 (93%) participants completed 
the 12 month assessments, and 1105 (88%) participants 

completed the 24 month assessments. 16 individuals 
who withdrew from the study came to the fi nal 
cognitive evaluation. The intervention was completed 
in February, 2014. The mITT analyses included 
1190 participants (94% of all enrolled participants). 
Dropout rates were similar in the intervention (87 [14%] 
participants) and control (66 [11%] participants) groups 
(p=0·07). The main reasons for dropout were health-
related (56 [37%] participants), lack of time or 
motivation (22 [14%]), and diffi  culties in arranging 
participation (18 [12%]). Ten individuals died during 
the study.

Baseline characteristics have previously been described 
in detail.15 The intervention and control groups were 
similar at baseline (table 1; baseline characteristics 
for intention-to-treat population are provided in the 
appendix). The mean age of the population was 
69·3 years (SD 4·7), education 10·0 years (SD 3·4), and 
mini mental state examination score 26·8 points 
(SD 2·0). Mean cognitive performance was less than 
0·5 SD below the average level for the cognitively normal 
Finnish pop ulation.15 Several vascular and lifestyle risk 
factors were present.

We noted a signifi cant benefi cial eff ect of the 
intervention for the primary outcome (fi gure 2, appendix). 
Estimated mean change in NTB total Z score at 2 years 
was 0·20 (SE 0·01, SD 0·51) in the intervention group and 
0·16 (0·01, 0·51) in the control group. The mean 
diff erence between groups (group × time interaction) in 
change of NTB total score per year was 0·022 (95%CI 
0·002–0·042, p=0·030). Improvement in NTB total score 
after 24 months was 25% higher in the intervention group 
than in the control group. The results remained 
unchanged in sensi tivity analyses, including intention-to-
treat analyses (appendix).

We also noted a signifi cant intervention eff ect for the 
secondary cognitive outcomes of executive functioning 
(p=0·039) and processing speed (p=0·029; fi gure 2, 
appendix). Improvement in executive functioning was 
83% higher, and in processing speed 150% higher, in the 
intervention group than in the control group. The 
intervention was not associated with signifi cant change 
in the prespecifi ed memory domain.

Post-hoc abbreviated memory score analyses showed a 
signifi cant between-group diff erence (p=0·036; appendix). 
NTB total score fell in 307 (28%) participants between the 
assessments at baseline and 24 months. Risk of cognitive 
decline was increased in the control group compared with 
intervention group for NTB total score (odds ratio 1·31, 
95% CI 1·01–1·71), executive functioning, and processing 
speed (table 2).

We also noted signifi cant intervention eff ects after 
2 years for other secondary outcomes such as BMI, 
dietary habits, and physical activity (appendix).

Self-reported adherence (any vs no participation) to 
intervention domains was high: nutrition, 579 (100%) 
participants; physical exercise, 523 (90%) participants; 

See Online for appendix

Figure 2: Change in cognitive performance during the 2 year intervention
Figure shows estimated mean change in cognitive performance from baseline until 12 and 24 months (higher 
scores suggest better performance) in the modifi ed intention-to-treat population. Error bars are SEs. Mixed-model 
repeated-measures analyses were used to assess between-group diff erences (group × time interaction) in changes 
from baseline to 24 months based on data from all participants with at least one post-baseline measurement. 
NTB=neuropsychiatric test battery.
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Odds ratio (95% CI) p value

Intervention (n=554) Control (n=565)

Overall cognitive decline

NTB total score 1 (reference) 1·31 (1·01–1·71) 0·04

Cognitive decline per domain

NTB memory score 1 (reference) 1·23 (0·95–1·60) 0·12

NTB executive functioning score 1 (reference) 1·29 (1·02–1·64) 0·04

NTB processing speed score 1 (reference) 1·35 (1·06–1·71) 0·01

In post-hoc analyses, we defi ned cognitive decline as decrease in NTB total score (overall decline) and NTB domain 
scores (decline per domain) between the assessments at baseline and at 24 months. Logistic regression analyses were 
used to assess risk of cognitive decline in the control group compared with the intervention group. Analyses are based 
on all participants with data available at both baseline and 24 months. NTB=neuropsychological test battery. 

Table 2: Risk of cognitive decline from baseline to 24 months
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Introduction

In the United States, the proportion of people over the age of
65 is projected to increase from 35 million in the year 2000 to
71 million in the year 2030 (1).  This aging of the population
will have important public health implications as there will be a
greater need for geriatric care, and an anticipated rise in the
incidence of chronic degenerative diseases. One area that has
received special attention over the last few years has been
dementia, and more recently vascular dementia (VaD).  

Despite multiple attempts over the past 80 years, there is a
lack of universal neuropathologic diagnostic criteria for VaD
(2).  It is generally described as cognitive decline caused by
vascular brain lesions and disorders of cerebral vessels (3, 4).
The diagnosis is usually based on a temporal relation between
occurrence of vascular lesions and dementia, in the absence of
other degenerative disease (5, 6). Currently, VaD is considered
the second most common type of dementia, yet may also be the
most under-diagnosed type of dementia (7). The Aging,
Demographics, and Memory Study (ADAMS) estimates the
prevalence of VaD in the US for those aged 71 and older to be
approximately 594,000; however, this might be understated as
the prevalence may actually be as high as 1 million (7, 8).
Another unique aspect of this disease is that survival is lower
following disease onset when compared to Alzheimer’s disease
(AD) (9). Healthcare utilization costs are also higher for VaD

care than AD, other dementias, or cerebrovascular disease
without dementia (10). 

Currently, control of VaD risk factors is believed to be the
most effective way to prevent onset or delay progression of the
disease (11).  Such risk factors include atherosclerosis,
lipoproteins, diabetes mellitus, stroke, hypertension, obesity,
and smoking (12-18).  Diet is an important modifiable factor
that has been shown to have direct and indirect influence on the
development of these vascular risk factors, which may lead to
vascular cognitive impairment (VCI), and ultimately VaD.
Therefore, dietary interventions are believed to be effective and
fundamental in treatment modalities for abatement of disease
onset and progression.  

Although it is posited that the nutritional risk factors for
VaD are similar to those for stroke, different mechanisms may
be implicated, through which diet may impact cerebrovascular
physiology and the different pathways that lead to VaD.
Further, though there is significant literature associating
nutrition and AD (19, 20), reviews relating VaD and nutrition
are lacking in the literature. Hence, the purpose of this review is
to better elucidate the relationship between nutritional factors
and VaD.

Methods

A systematic literature review was conducted using the
PubMed, CINAHL, and Web of Science databases with search
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Abstract: Objective: The objective of this review was to elucidate the relationship between VaD and various
nutritional factors based on epidemiological studies. Background: Vascular dementia (VaD) is the second most
common type of dementia. The prevalence of VaD continues to increase as the US population continues to grow
and age. Currently, control of potential risk factors is believed to be the most effective means of preventing VaD.
Thus, identification of modifiable risk factors for VaD is crucial for development of effective treatment
modalities. Nutrition is one of the main modifiable variables that may influence the development of VaD.
Methods: A systematic review of literature was conducted using the PubMed, Web of Science, and CINAHL
Plus databases with search parameters inclusive of vascular dementia, nutrition, and vascular cognitive
impairment (VCI). Results: Fourteen articles were found that proposed a potential role of specific nutritional
components in VaD. These components included antioxidants, lipids, homocysteine, folate, vitamin B12, and fish
consumption. Antioxidants, specifically Vitamin E and C, and fatty fish intake were found to be protective
against VaD risk. Fried fish, elevated homocysteine, and lower levels of folate and vitamin B12 were associated
with increased VaD. Evidence for dietary lipids was inconsistent, although elevated midlife serum cholesterol
may increase risk, while late-life elevated serum cholesterol may be associated with decreased risk of VaD.
Conclusion: Currently, the most convincing evidence as to the relationship between VaD and nutrition exists for
micronutrients, particularly Vitamin E and C. Exploration of nutrition at the macronutrient level and additional
long term prospective cohort studies are warranted to better understand the role of nutrition in VaD disease
development and progression. At present, challenges in this research include limitations in sample size, which
was commonly cited. Also, a variety of diagnostic criteria for VaD were employed in the studies reviewed,
indicating the need for constructing a correct nosological definition of VaD for consistency and conformity in
future studies and accurate clinical diagnosis of VaD.

Key words: Vascular dementia, nutrition, diet.
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The Association Between Diabetes and
Dementia Among Elderly Individuals:
A Nationwide Inpatient Sample Analysis

Dean Sherzai, MD, MAS, PhD(c)1, Ayesha Sherzai, MD2, Keith Lui, MD2,
Deyu Pan, MS3, Daniel Chiou, MD2, Mohsen Bazargan, PhD3,
and Magda Shaheen, PhD, MPH4

Abstract

Background/Aim: To date, few studies have cross-examined the relationship between diabetes mellitus (DM) and dementia
nationally. There is also a lack of evidence regarding dementia subtypes and how this relationship changes among older individuals.
The objective was to better delineate this relationship and influence of multiple comorbidities using a nationwide sample.
Methods: Data were obtained from the Nationwide Inpatient Sample 1998 to 2011 using appropriate International Classification of
Diseases, Ninth Version codes. Descriptive and bivariate analysis was performed. Multivariate nominal logistic regression models
adjusted for age, sex, race, and comorbidities explored the independent relationship between Alzheimer dementia (AD), non-
Alzheimer dementia (VaD), and diabetes. Results: 21% of the participants were diabetic patients, 3.7% had AD, and 2.2% had
VaD. Diabetes prevalence in AD, VaD, and no dementia groups were 20.6%, 24.3%, and 26.2%, respectively. In the unadjusted
model, those with DM had lower odds of AD (odds ratio [OR] 0.73; 95% confidence interval [CI] 0.72-0.74) and VaD (OR 0.91,
95% CI 0.89-0.92). Adjusting for age, sex, race, and comorbidities, diabetic patients had significantly higher odds of VaD
(OR ¼ 1.10, 95% CI 1.08-1.11) and lower odds of AD (OR 0.87, 95% CI 0.86-0.88). Inclusion of interaction terms (age, race/
ethnicity, depression, stroke, and hypertension) made the relationship between diabetes and VaD not significant (OR 1.002,
95% CI 0.97-1.03), but the relationship of DM with AD remained significant (OR 0.57, 95% CI 0.56-0.58; P < .05).
Conclusion: Patients with a diagnosis of diabetes mellitus had lower odds of having AD. Age, race/ethnicity, depression,
stroke, and hypertension modified the relationship between DM and both VaD and AD. Further exploration of the relationship
between DM and AD is warranted.

Keywords

dementia, vascular dementia, Alzheimer disease

Introduction

Currently, there are more than 24 million people worldwide with
dementia, and the number is expected to double every 20 years,
reaching 81 million by 2040.1 Our aging society will face an
epidemic of dementia; more than 13% of those over the age of 70
have a form of dementia,2 and this percentage doubles every 5
years after 70 years of age.3 Studies have indicated that the
proclivity for all dementias, including Alzheimer dementia
(AD), is influenced by other comorbidities often seen in the
elderly patients such as hypercholesterolemia, hypertension,
and diabetes. Diabetes mellitus (DM) in particular has been
associated with decline in cognitive abilities, such as memory
and executive function.4 A recent meta-analysis revealed DM to
be a strong risk factor for all types of dementia.5 Yet only a few
epidemiological studies have been performed to better elucidate
the relationship between DM and specific types of dementia,
with inconsistent findings. Luchsinger et al and Hassing et al

who used participants aged 65 years and older and 80 years and
older, respectively, both found no increased risk of AD and a
greater than 2-fold increase in risk of non-Alzheimer dementia
(VaD) in patients with DM.6,7 In contrast, DM was found to
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Stroke, food groups, and dietary patterns: a systematic review
Ayesha Sherzai, Lauren T Heim, Cassaundra Boothby, and A Dean Sherzai

Stroke is the fourth leading cause of mortality in the United States, yet it is 80%
preventable by addressing lifestyle factors including nutrition. Evaluating the
impact of nutrition at the food group and dietary pattern level will provide greater
insight into the role of nutrition in stroke. For this purpose, a review of the literature
was conducted using the PubMed, Web of Science, and CINAHL Plus online
databases. While fruits, vegetables, and soy demonstrated a protective effect,
variable findings were observed for fish, animal products, and whole grains.
Adherence to DASH, Mediterranean, and prudent dietary patterns reduced the risk of
stroke, whereas the Western dietary pattern was associated with increased stroke
risk. Low-fat diet was not found to have a protective effect. Additional
epidemiological evidence is needed to elucidate the impact of specific dietary
patterns and food groups on stroke. Future research should consider developing
dietary recommendations for stroke prevention, which are based on clinical trials
and have an emphasis on food groups and dietary patterns that are palatable to the
general public.
© 2012 International Life Sciences Institute

INTRODUCTION

Stroke places a tremendous burden on the healthcare
system worldwide. In the United States, it is the 4th leading
cause of mortality, with an estimated 795,000 incident
strokes each year.1,2 As age is one of the main risk factors
for stroke, and with the elderly population expected to
double to more than 70 million by the year 2030, reducing
the incidence of stroke has become a central healthcare
policy concern.3 Treatment costs associated with chronic
disease constitute three-fourths of US healthcare expen-
ditures, and of this, $400 billion per year is spent on heart
disease and stroke.4 It is, thus, imperative to identify and
implement healthcare policies that can reduce the risk of
stroke.

Risk factors associated with stroke have been divided
into two main categories – non-modifiable and modifi-
able. Advanced age, gender, race, and genetic susceptibil-
ity are the most prominent non-modifiable risk factors,

while lifestyle risk factors such as diet, exercise, and use of
tobacco and alcohol are considered modifiable risk fac-
tors.5 By addressing the modifiable risk factors, it is esti-
mated that stroke prevalence can be reduced by as much
as 80%.6 Thus, primary prevention of stroke takes central
importance.

Substantial research has been done over the past
decades in order to advance understanding of stroke
mechanisms and therapies. Despite a large body of data
supporting specific pharmaceutical agents, such as anti-
platelets, antithrombotics, and statins, as preventive mea-
sures in stroke, diet remains a focus of extensive
epidemiological research for stroke prevention. The asso-
ciation between nutrients and stroke has been extensively
investigated, yet findings are inconclusive and conflicting
at best.7 There is some evidence that nutrients such as
potassium may reduce stroke risk by modulating oxida-
tive processes and blood pressure, yet other nutrients
such as calcium, magnesium, total fat and fat subtypes,
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•  In 1995, 133,479 female public 
school teachers and 
administrators were enrolled in 
the study 

•  Geographically and 
socioeconomically diverse 

•  Mail paper questionnaires every 
4-5 years 

•  Linked with California Cancer 
Registry 

 

CALIFORNIA TEACHERS STUDY



MEDITERRANEAN DIET AND ALL 
STROKE INCIDENCE
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(p trend 0.009) 

*Age, race, SES, moderate plus strenuous physical activity, kilocalories, BMI, smoking, 
hypertension, diabetes, atrial fibrillation, hypercholesterolemia, history of cardiac disease 
and menopausal status and hormone therapy. Submitted for publication to Stroke.



Cognitive Function and Diet

• Our formal study of the California Verbal Learning 
Test (CVLT), revealed that among 500 individuals 
who ate a vegetarian had on average a 28 percent 
lower risk of cognitive impairment. 

In the process of publication. 



Circulation, 2016 (Vol. 133).



Sugar Consumption
• Reductions in brain glucose metabolism have long 

been associated with Alzheimer’s disease 

• Brain insulin resistance initiates a cascade of 
inflammatory stress and oxidative damage, 
disruption of synaptic function, resulting in amyloid 
proteins becoming insoluble  

• Deregulation of endothelial glucose transporter 
GLUT1, vital for maintaining brain energy 
metabolism and vascular clearance of amyloid-β
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Sugary beverage intake and preclinical Alzheimer’s disease in the
community
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Abstract Introduction: Excess sugar consumption has been linked with Alzheimer’s disease (AD) pathology
in animal models.
Methods: We examined the cross-sectional association of sugary beverage consumption with
neuropsychological (N5 4276) and magnetic resonance imaging (N5 3846) markers of preclinical
Alzheimer’s disease and vascular brain injury (VBI) in the community-based Framingham Heart
Study. Intake of sugary beverages was estimated using a food frequency questionnaire.
Results: Relative to consuming less than one sugary beverage per day, higher intake of sugary bev-
erages was associated with lower total brain volume (1–2/day, b 6 standard error
[SE] 5 20.55 6 0.14 mean percent difference, P 5 .0002; .2/day, b 6 SE 5 20.68 6 0.18,
P, .0001), and poorer performance on tests of episodic memory (all P, .01). Daily fruit juice intake
was associated with lower total brain volume, hippocampal volume, and poorer episodic memory (all
P,.05). Sugary beverage intakewas not associatedwithVBI in a consistent manner across outcomes.
Discussion: Higher intake of sugary beverages was associated cross-sectionally with markers of pre-
clinical AD.
! 2017 the Alzheimer’s Association. Published by Elsevier Inc. All rights reserved.

Keywords: Sugar; Diet; Dementia; Alzheimer’s disease; Framingham Heart Study

1. Introduction

Sugar consumption is excessive in Western society [1],
contributing to the burden of cardiometabolic disease
[2,3]. Consumption of sugary beverages, including sugar-
sweetened soft drinks, fruit drinks with added sugar, and
100% fruit juice, are major contributors to excess sugar

intake [1]. Studies in animal models suggest that excess
sugar intake, including from sugary beverages, leads to
the development of Alzheimer’s disease (AD) pathology
[4–7]. However, little is known about the long-term effect
of sugary beverage intake on the human brain. Examining
intake of sugary beverages provides a proxy for excess die-
tary intake of sugar. Using detailed neuropsychological as-
sessments and brain magnetic resonance imaging (MRI),
we examined the cross-sectional association between sugary
beverage consumption and phenotypes of preclinical AD

*Corresponding author. Tel.: 11-617-638-8064.
E-mail address: matthewpase@gmail.com

http://dx.doi.org/10.1016/j.jalz.2017.01.024
1552-5260/! 2017 the Alzheimer’s Association. Published by Elsevier Inc. All rights reserved.
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High sugar consumption was associated with low 
hippocampal and total brain volumes. Individuals who 

consumed more sugar also experienced a greater loss of 
brain volume over the course of two years 



The Danger of Ketogenic 
Diet

• Background: Alternative source of energy needed 
for the brain 

• Proven to be beneficial in certain cases of 
childhood epilepsy 

• No strong data for benefit in neurodegenerative 
conditions 

• High saturated fat in ketogenic diets cause 
vascular damage



Clinic Experience

• 2500 patients evaluated in brain health clinic 

• Less than 1% (n=19) patients were vegetarians 
and led a healthy lifestyle (NEURO Plan)



Our Lifestyle Intervention Program 
at Loma Linda Health

18 THE ALZHEIMER’S SOLUTION

RISK 
FACTORS

PROTECTIVE 
FACTORS

1. Aerobic exercise, 
resistance training, 
and balance 
strengthening. 
Learn more in 
Chapter 4.

2. Walking 
meditation, mindful 
breathing, yoga, 
and others. Learn 
more in Chapter 5.

3. Learn more about 
benefi cial and 
harmful foods on 
page 126.
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NEURO Plan
• Nutrition (whole-food, plant-based diet, low in 

sugar) 

• Exercise  

• Unwind 

• Restorative sleep 

• Optimize medical and cognitive activities 



Current Research
• Effect of comprehensive lifestyle intervention on 

cognitive health compared to standard-of-care 

• Comparison of dietary patterns and Alzheimer’s 
disease (whole-food, plant-based diet vs. high fat, 
low carbohydrate diet) 

• Aggressive management of vascular risk factors 
among patients with Mild Cognitive Impairment





Thank you!

Join us: 

TeamSherzai.com 
Twitter: @TeamSherzai 

Facebook: Team Sherzai 
Instagram: @TeamSherzai

http://teamsherzai.com

