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• Alzheimer’s Disease and related dementias

• Diagnosis and treatment of dementia

• Screening for dementia, referral to Neuropsychology, Biomarkers

• Treatment: Cholinomimetic agents and NMDA receptor (Memantine)

– This will not be discussed

• Non-modifiable risk factors

• Lifestyle factors 

– Leisurely walk 

– Insulin 

– Mental activities

– Emotions, cognition and behavior (e.g., behavioral variant FTD)

Outline
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• Approximately 6.08 million Americans had either clinical AD or 
mild cognitive impairment due to AD in 2017 

• It will  grow to 15.0 million by 2060. 

• In 2017, 46.7 million Americans had preclinical AD (amyloidosis, 
neurodegeneration, or both), although many may not progress 
to clinical disease during their lifetimes. 

• Primary and secondary preventions have differential impact on 
future disease burden.

– Brookmeyer R, Abdalla N, Kawas CH, Corrada MM. Forecasting the 
prevalence of preclinical and clinical Alzheimer's disease in the United 
States. Alzheimers Dement. 2018 ; 14:121-129.

Are we facing a looming public health crisis?.
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• Cognitive Impairment + Functional decline = Dementia

– Cognitive domains: Memory domain, Language, Executive/Attention 
domain, Visuospatial/Sense of direction

• Left hemisphere dominant Language, Right Hemisphere dominant 
visuospatial/sense of direction, frontal lobe, middle of the brain

– Motor : basal ganglia – Alternate Motion Rate (AMR) exercise

• Brain Stem – vital centers : breathing center, cardiac center, coughing center etc. 

• Instrumental Activities of Daily Living: e.g. handling finances 

– Basic Activities of Daily living, e.g. taking shower, changing clothes, 
toileting

What is Dementia? 
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• Out of 100 persons with dementia (degenerative dementia), about 
70 have Alzheimer’s Dementia, about 10 of them have Lewy Body 
Dementia, the remaining are Frontotemporal Lobar degeneration 
etc.

• The most common cause of dementia: Neurodegeneration diseases 
e.g., Alzheimer's dementia 

• Dementia can be caused by stroke, repetitive head injury, and 
metabolic disorders

• Degenerative dementias

– Normal aging, mild cognitive impairment and dementia

• The intermediate stage between normal aging and dementia

What are the different types of dementia?
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Prevalence of neurodegenerative dementias
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Projected number of persons with Alzheimer‘s dementia
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Pictures of the faculty at Tubingen 
(Alois Alzheimer’s and others)
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• Typically noted in old age (above 
age 70 or so)

• The gray zone between normal 
aging and dementia.

• Forgetfulness for recent events and 
future engagements

• Impaired memory domain for age, 
sex and education level

Mild Cognitive Impairment (MCI)
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Cognitive continuum

Mild Cognitive Impairment

Normal

Alzheimer's Dementia
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Volumetric MRI in MCI and Alzheimer’s Disease



• 1980s: Mainly preoccupied with the 
investigation of dementia (DSM-III-R, 
NINDS criteria)

• 1990s: Field increasingly preoccupied 
with identification of high risk states for 
dementia 

• Recently: Emphasis on identification of 
presymptomatic phase of 
neurodegenerative disease such as AD 
(Dubois 2004;  International expert group 2007; 
Alzheimer’s Association and National Institute on 
Aging 2011) 

• Various terms were used to describe the 
grey zone between normal aging and 
dementia

Research agenda of the field of aging and 
dementia



Mild Cognitive Impairment Criteria

• Cognitive / Memory Complaint

• Normal General Cognitive Function

• Normal Activities of Daily Living

• Memory or other Cognitive Domains Impaired for Age 
and Education

• Not Demented

(Petersen RC, 1999, 2004)



• Neuritic plaques

• Extracellular deposits of a beta-amyloid 
protein fragments

• Neurofibrillary tangles

• Intracellular fibers of tau protein

• Subsequent neurodegeneration

• Accumulation of cell injury/ death and 
neuronal loss 

• Atrophy starts in the entorhinal cortex and 
hippocampus

Classic features of AD

Farlow, MR. (2007). Pictures: Courtesy of Dr. B Ghetti

Alzheimer’s Disease - Neuropathology



• The National Institute on Aging (NIA) and Alzheimer’s Association 
(AA) expert panel has called for characterization and understanding 
of the presymptomatic phase of Alzheimer’s disease (AD)

• In the past, we had to wait until the patient dies to investigate 
plaques and tangles

• Amyloid imaging using various ligands (e.g., PiB-PET)

• Recently, tau imaging was developed

• Markers of neurodegeneration: 

• Cortical thickness as measured by brain MRI

• Synaptic loss as measured by FDG-PET

Presymptomatic Alzheimer’s Disease – 
Current research agenda of the field



Clinical Research Criteria intended to be used only in research settings

Albert et al., Alzheimer's Dement. 2011 May;7(3):270-9. 

NIA-AA Criteria:  Diagnosis of MCI due to AD



Population-Based Prevalence of MCI and Dementia

Amnestic
 (11.6%)

Non-amnestic 
(4.9%)

Normal
cognition

(73.6%)

Dementia
(9.9%)

Estimates of MCI and dementia are age- and sex-adjusted
to the Olmsted County, MN, population

MCI
(16.5%)



Geda Research Team



Overarching aim: To investigate the biobehavioral 
aspects of brain aging, presymptomatic Alzheimer’s 
Disease (AD) and mild cognitive impairment (MCI) in 
ethnically and geographically diverse samples.

▪ Lifestyle factors (e.g., physical exercise, mentally stimulating 
activities) and brain aging

▪ Neuropsychiatric symptoms, neuroimaging biomarkers and brain 
aging

▪ Behavioral interventions, emotion and cognition

Emotions 
(Feelings)

BehaviorCognition
(Thoughts)

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjXzO6AisfRAhVq64MKHZsRC6UQjRwIBw&url=http://store.breezing.com/products/breezing&psig=AFQjCNEO275AjVDRKetZUcchDKaZN1aTNw&ust=1484670289838696


• Lifestyle factors (mentally stimulating 
activities, physical activity) and their 
association with the risk of incident MCI 
or incident dementia.

• Behavioral predictors (apathy, agitation, 
irritability and depression) and their 
association with the risk of incident MCI or 
incident dementia.

Themes of research
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Study setting

Population-based Mayo Clinic Study of Aging in Olmsted County, Minnesota, USA                           
                      (PI: Ronald C. Petersen, MD, PhD)

                                                            

Rochester, MN

MN
WI

IA

Olmsted County

Roberts et al., 2008



Mayo Olmsted Study of Aging

Population-based study of  5000+
(3200 active) nondemented persons age
30-89 years in Olmsted County, MN



Mayo Olmsted Study of Aging

2004 ‘05 ‘06 ‘07 ‘08 ‘09 ‘10 ‘11 ‘12 ‘13 ‘14

Sept SeptSept

Grant cycle 1 Grant cycle 2 Grant cycle 3

June

‘15 ‘16 ‘17 ‘18 ‘19
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Cycles of recruitment and follow-up



Nurse/SC interview

Participant
Family history

Current medications
Demographic 
information

Memory & orientation
Medical history &
risk assessment
Neuropsychiatric 

inventory
Study partner

Clinical dementia 
rating

Functional
assessment (FAQ)

Consent form

Blood draw

Clinical evaluation

Neurological 
evaluation

Consensus 
conference

Neurological history
Short test of mental 

status
Modified Hachinski 

scale
Prime MD (physician 

form)
Neurological 
examination

and modified UPDRS

Cognitive assessment

Memory
Logical memory 

(delayed)
Visual reprod (delayed)

AVLT
Executive function

Trails A & B
Digit symbol 
substitution
Visuospatial

Picture completion
Block design

Language
Boston naming test

Category fluency

Evaluation



Association Between Mentally Stimulating Activities in Late 
Life and the Outcome of Incident Mild Cognitive 

Impairment, With an Analysis of the APOE ε4 Genotype

Krell-Roesch J, Vemuri P, Pink A, Roberts RO, Stokin GB, Mielke MM, Christianson TJ, Knopman 
DS, Petersen RC, Kremers WK, Geda YE.

JAMA Neurol. 2017 Mar 1;74(3):332-338. doi: 10.1001/jamaneurol.2016.3822.

The 2nd most talked about paper of the year in 2017 
for JAMA Neurology



“I am 80 years old. If I am mentally active (e.g., computer 
use), will it reduce my risk of MCI?”

Research question: Mental activity





• Mentally stimulating* activities are associated with decreased risk of cognitive 
decline (Vemuri et al., 2014)  and dementia (Wilson et al., 2002; Fratiglioni et al., 2004; Then et al., 
2013)

• Cognitive activities are associated with a decreased risk of amnestic MCI 
(Verghese et al., 2006)  and vascular cognitive impairment (Verghese et al., 2009) in a 
convenience sample of community-dwelling elderly 

• We have reported a cross-sectional association between mentally stimulating 
activities and decreased odds of having MCI (Geda et al., 2011)

• * Interchangeably used terms: cognitively stimulating activities, intellectually 
stimulating activities 

Background



• To investigate the association between mentally stimulating activities in late life and 
the risk of incident MCI

• Exposures of interest (determined based on cross-sectional study)
• - Reading books
• - Craft activities (e.g., knitting, pottery, woodworking)
• - Computer activities
• - Playing games (e.g., playing cards, crossword puzzles)
• - Social activities (e.g., going out to movies and theaters) 

• To additionally evaluate the impact of APOE ε4 genotype, a well-known risk factor 
for MCI and dementia

Objective



• Engaging in mentally stimulating activities in the year prior to study 
participation 

• Assessed using a structured survey with ordinal responses (Frequency: 
once a month or less, 2-3 times a month, 1-2 times per week, 3-4 times per week, 
5-6 times per week, daily)

• Operational definition: Frequency at least 1-2 times per week

• Outcome of incident MCI measured by expert consensus panel

• - Based on published criteria (Petersen et al., 1999; Petersen et al., 2004; 
Winblad et al., 2004), after reviewing neurological, psychometric and other 
pertinent data

Methods



3 Had no follow-up 
visit

1929 Included in 
analyses

242 Withdrew prior 
to follow-up 39 Died before first 

follow-up

1473 Remained 
cognitively normal

456 Incident mild 
cognitive 

impairment

2213 Cognitively 
normal at baseline

Flow Chart



Cognitively 
normal persons

N = 1,929
aged ≥ 70 years 

Time
Median follow up time  = 4 years

Mentally stimulating 
activities

No MCI

Incident MCI

No mentally stimulating 
activities

Incident MCI

No MCI

self-alloca
tion

Study Design



• Risk of incident MCI was estimated by using hazard ratios 
(HR) and 95% confidence intervals (95% CI) 
• Calculated from Cox proportional hazards model after 

adjusting for age (as a time scale. Therneau T 2000), 
sex, education and medical comorbidity

• Additional stratified analyses by APOE ε4 genotype

Statistical Analysis



Variable No. at 
Risk

No. with 
incident 

MCI
HR (95%CI)1 p HR (95%CI)2 p

Read books 1083 240 0.83 (0.68, 1.01) 0.06 0.86 (0.71, 1.05) 0.14

Play games 1108 245 0.78 (0.65, 0.95) 0.012 0.83 (0.69, 1.01) 0.06

Craft activities 502 104 0.72 (0.57, 0.90) 0.004 0.78 (0.62, 0.98) 0.030

Computer activities 1077 193 0.70 (0.57, 0.85) <0.001 0.74 (0.61, 0.90) 0.002

Social activities 767 154 0.77 (0.63, 0.94) 0.009 0.79 (0.64, 0.96) 0.017

1Model adjusted for age (scale), sex, education. 
2Model also adjusted for medical comorbidity/ depression/ APOE ε4 status. 

Risk of incident MCI as predicted by mentally 
stimulating activities



Kaplan Meier Survival Curve: Craft activities



• Cognitively normal elderly individuals who engage in specific mentally 
stimulating activities even in late life have a decreased risk of incident MCI. 

• The data points towards: 

• a reduced risk of incident MCI for APOE ɛ4 non-carriers who engage in 
mentally stimulating activities

• an increased risk of incident MCI for APOE ɛ4 carriers who do not engage 
in mentally stimulating activities

• Future research is needed to understand the mechanisms linking mentally 
stimulating activities and cognition in late life

Conclusion



Timing of Physical Activity, Apolipoprotein E ε4 Genotype, 
and Risk of Incident Mild Cognitive Impairment

Krell-Roesch J, Pink A, Roberts RO, Stokin GB, Mielke MM, Spangehl KA, Bartley 
MM, Knopman DS, Christianson TJ, Petersen RC, Geda YE.

J Am Geriatr Soc. 2016 Dec;64(12):2479-2486.
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• Leisurely walk 

• Observations made in Rochester, 
Minnesota : in summer, it is customary for 
elderly couples to go for a relaxed walk 
after a dinner.

• Typically we here about brisk walk for 30 
minutes for 5 days per week : for optimal 
health.

• How about a simple, leisurely walk : is it 
any good?

“I am 78 years old: if I start a new habit of leisurely walk 
about 2 to 3 times per week; does it help me reduce the 
risk of dementia?”



Cognitively 
normal persons

N = 1,830
≥ 70 years

Median: 78 years
919 (50%) females 

Median follow-up: 3.2 years

Engaging in 
physical activity

No MCI

Incident MCI

Not engaging in 
physical activity

Incident 
MCI

No MCI

Prospective cohort study

Self-allocati
on
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Mechanistic Model:                                                    
Effects of exercise, dietary restriction & cognitive stimulation 

on neurodegeneration
 

Mattson et al. Nature Reviews Neuroscience 2006,  7; 278–294



Neuropsychiatric symptoms (NPS), 
MCI and dementia



Neuropsychiatric symptoms (NPS), MCI and dementia

• Study 1: From normal aging to incident MCI as predicted by 
baseline NPS (Geda et al. Am J Psychiatry. 2014) 

• Study 2: From MCI to incident dementia as predicted by 
baseline NPS (Pink et al., Neurology. 2015)

• NPS and neuroimaging biomarkers of pre-symptomatic AD 
[ submitted to Molecular Psychiatry ]



Methods

• Measurement of exposure of interest : NPS at baseline  measured by 
Neuropsychiatric Inventory Questionnaire (NPI-Q

• Measurement of outcome of interest  : Classification of normal cognitive aging, 
MCI, and dementia 

– adjudicated by an expert consensus panel 

– based on published criteria 

– after reviewing neurologic, cognitive, and other pertinent data

• Risk measurement  : Hazard ratios (HR) and 95% confidence intervals (95% CI) 
were computed using Cox proportional hazards model, with age as a time scale



• Prospective cohort study to 
estimate the risk of incident 
mild cognitive impairment 
(MCI) in cognitively normal 
elderly (aged ≥70 years) 
individuals, as predicted by 
baseline neuropsychiatric 
symptoms (NPS)

Study 1: Objective



Design: Prospective cohort study

CN
N = 1587

Median follow up time  = 5.0 years [3.8, 5.3]

CN + NPS
No incident MCI

Incident MCI

CN - 
NPS

Incident MCI

No incident MCI







Potential mechanisms linking NPS with 
MCI/ dementia

Adapted from Geda et al., Alzheimers Dement. 2013 Sep;9(5):602-8.

Etiologic pathway

Shared risk factor/ 
confounding

Reverse causality

Interaction

NPS Unknown 
mechanisms

MCI

Amyloid 
deposition

NPS

MCI

NPSNeuropathological 
changes

MCI

Amyloid 
deposition Interaction MCI

NPS



Our team has reported cross-sectional associations between 

• anxiety symptoms with reduced global cortical thickness 
and reduced thickness of the frontal and temporal cortex as 
measured by MRI (Pink et al., 2016) 

• depressive and anxiety symptoms with an abnormal 
FDG-PET, and the point estimate is even higher for APOE 
ɛ4 carriers (Krell-Roesch et al., 2016)

• depression and anxiety with an abnormal PiB-PET 
(Krell-Roesch et al., in press)

NPS and neuroimaging biomarkers of 
presymptomatic AD



Frequency of NPS among Cognitively 
Unimpaired (CU) & MCI with abnormal 
amyloid deposition

Methods

– Population-based, cross-sectional study

N = 1627, aged ≥ 50 years, 54% males, median age 73 years

– 997 CU/A-, 446 CU/A+, 78 MCI/A-, 106 MCI/A+

Key Findings

• For most NPS, highest frequency of NPS was found in MCI/A+, and the 
lowest in CU/A-

• Odds ratios of having NPS, depression (BDI ≥ 13) or anxiety (BAI ≥ 8, ≥ 10) 
were consistently highest for MCI/A+ 

Abbreviations: CU = cognitively unimpaired; MCI = mild cognitive impairment; 
A- = normal PiB-PET; A+ = abnormal PiB-PET



Frequency of NPS among CU & MCI

NPS N OR (95% CI) p

Depression CU/A- 997 1.00 (reference)  
CU/A+ 446 1.13 (0.76, 1.67) 0.55
MCI/A- 78 1.33 (0.65, 2.72) 0.43
MCI/A+ 106 3.48 (2.05, 5.90) <0.001

Apathy CU/A- 997 1.00 (reference)  
CU/A+ 446 1.62 (0.90, 2.91) 0.11
MCI/A- 78 2.51 (1.03, 6.09) 0.042
MCI/A+ 106 7.06 (3.59, 13.88) <0.001

BAI ≥ 8 CU/A- 995 1.00 (reference)  
CU/A+ 445 1.22 (0.80, 1.86) 0.35
MCI/A- 78 2.88 (1.52, 5.44) 0.001
MCI/A+ 106 2.97 (1.66, 5.30) <0.001

Adjusted for age, sex, education, and APOE ε4 genotype status. DV = dependent variable; IV = independent variable. OR = odds ratio; CI = 
confidence interval.  



Theoretical model linking NPS with 
AD biomarkers and cognitive 
outcomes

    β-amyloid

    Neurodegeneration

    Cognition

   NPS

Incident MCI/
dementia

Strong evidence Less evidence

Geda et al. 2017. American Journal of Geriatric Psychiatry
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• Following a meal : insulin spikes then it falls down to baseline in 
a normal person.

• Frequent feeding particularly carbohydrates (bread, pasta etc.) 
leads to frequent insulin spikes.

• Excess and frequent Carbohydrate consumption leads to 
resetting of insulin at high level even in a fasting state = Insulin 
resistance. 

• “A dietary pattern with intake from carbohydrates is associated 
with increased risk of MCI or dementia in elderly persons.” 

– Roberts RO, Roberts LA, Geda YE et al : J Alzheimers Dis. 2012;32(2):329-39

Insulin resistance and risk of dementia
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• The see-saw : when storage hormones go up then the catabolic 
hormones go down.

• Following a high carb meal : sleepiness. Why?

• Insulin producing tumor : excessive obesity.

• Cortisol producing pituitary gland : excessive obesity.

• The most potent stimulus to insulin is carbohydrate.

• What is to be done? Time restricted feeding 2 to 3 times per 
day. No snacks on refined sugar. Vegetables and fruit.

– What type of fruits? It is better to get carb/sugar from fruits than from 
added sugar. 

Insulin and cortisol are storage hormones





Thank You


