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Dementia (DSM-IV criteria) 
•  Loss of cognitive abilities including 

•  memory 

–  PLUS at least one of the following: 
•  impaired language 
•  impaired abstract thinking 
•  impaired perception 
•  impaired judgment 
•  personality change 

•  Impairment in social or occupational functioning (decline 
from a previous level) 

•  No delirium  



Dementia 

Small GW, et al JAMA 1997 
Morris JC. Clin Geriatri Med  1994 

Small GW, et al JAMA 1997 
Morris JC. Clin Geriatri Med  1994 



Prevalence of Alzheimer’s Disease (AD) 

AD prevalence doubles every 5 years 
Age     60  65  70  75  80  85  90 
Prevalence (%)  1  2  4  8  16  32  64  



Rapid Growth of Alzheimer’s Disease 
(in millions) 

By 2050, the number of people with Alzheimer’s will range from 11.3 - 16 million. 



Symptoms in AD 
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NINCDS/ADRDA Criteria for AD  
•  Definite AD 

–  Histologic confirmation of the disorder 
•  Probable AD 

–  Characteristic clinical course and findings 
–  Insidious onset 
–  Continuous progression 
–  Deficits in 2 or more areas of cognition 
–  Absence of other disorders that could account  

 for dementia 
•  Possible AD 

–  Patients with an atypical course 
–  Patients with concurrent illnesses that may partially 

account for the cognitive problems 



Criteria for AD (NINCDS/ADRDA) 
•  Definite AD 

–Histologic confirmation 

• Nevertheless, clinical diagnosis 
quite accurate:   

 80% sensitivity 
 90% specificity  



Disease Progression 
•  Not direct cause of death. 

 -dehydration, injuries, 
malnutrition, infection   

•  Average course is about 7 to 
12 yrs. 
–  Early stage: 1- 2 years 
–  Middle stage: 2-12 yrs 
–  Late stage: 1 yr 
–  Terminal stage:  mos. 

•  Predicting progression 
–  EPS (rigidity, 

bradykinesia) at baseline 
assoc. w/: 

•  increased mortality 
•  more rapid functional 

decline 
•  increased risk of SNF 

placement/equivalent 
–  psychosis (hallucinations 

or delusions) assoc. w/
more rapid decline 

Stern et al 



Strategies to Treat AD 
Symptomatic Treatment 

•  Anticholinesterases 
– Tacrine    1993 
– Donepezil   1996 
– Rivastigmine  2000 
– Galantamine  2001 

•  NMDA inhibitor 
– Memantine   2003 



Treatment of Behavioral-Mood  symptoms 
•  Agitation – Aggression – Irritability  
•  Perceptual disorders (paranoid delusions, more rarely 

hallucinations 
–  30-50% develop them 
–  Problematic for caregivers, reason for hospitalization or 

institutionalization 
–  New atypical neuroleptics  

•  Quetiapine (Seroquel) 
•  Olanzapine (Zyprexa) 
•  Risperidone (Risperdal) 
•  ***Very sensitive to typical neuroleptics (Haldol): become very 

parkinsonian 

•  Depression 
–  30% develop it – usually intermittent 
–  SSRIs 



Medicare Spending on Alzheimer’s 
Disease 
(in billions) 

Source: “Saving Lives, Saving Money: Dividends for Americans Investing in 
Alzheimer’s Research”, The Lewin Group & the Alzheimer’s Association, June 2004.   



Potential Impact of Interventions to 
Delay Onset of AD 

Source: Brookmeyer et al, 1998. Year 1997 2007 2017 2027 2037 2047 
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Lower risk of AD or slower cognitive decline 
• Vitamin C  

• Masaki, Losonczy et al. 2000; Engelhart, Geerlings et al. 2002; 
Zandi, Anthony et al. 2004; Morris, Beckett et al. 1998  

• Vitamin E  
• Masaki, Losonczy et al. 2000; Engelhart, Geerlings et al. 2002; 
Morris, Beckett et al. 1998; Morris, Evans et al. 2002; Morris, 
Evans et al. 2002; Zandi, Anthony et al. 2004; Corrada, Kawas et 
al. 2005  

• Vitamin  B12  
• La Rue, Koehler et al. 1997; Clarke, Smith et al. 1998; Wang, 
Wahlin et al. 2001; Haan et al. 2007; Tangney 2009 

• Vitamin B6 
• Corrada, Kawas et al. 2005 

• Folate  
• Clarke, Smith et al. 1998; Wang, Wahlin et al. 2001; Ravaglia 
2005; Corrada, Kawas et al. 2005; Balk 2007 (metaanal-interv).  

• Modest to Moderate ETOH  
• Orgogozo, Dartigues et al. 1997; Ruitenberg, van Swieten et al. 
2002; Truelsen, Thudium et al. 2002; Mukamal, Kuller et al. 2003; 
Luchsinger, Tang et al. 2004; Ganguli , Vander Bilt et al. 2005; 
Espeland, Gu et al. 2004; Stampfer Kang et al 2005  

• Flavonoids  
• Commenges, Scotet et al. 2000 

• Caroten 
• Barberger-Gateau et al 2007; 

• Fish  
• Barberger-Gateau, Letenneur et al. 2002; Morris, Evans et al. 2003; Morris, 
Evans et al. 2005; Huang, Zandi et al; 2005; Barberger-Gateau et al 2007;  

• Unsaturated fatty acids  
• Kalmijn, Feskens et al. 1997; Morris, Evans et al. 2003; Morris, Evans et al. 
2003; Schaefer, Bongard et al. 2006; Laitinen et al. 2006; Barberger-Gateau et 
al 2007;  

• Lower total fats, cholesterol, saturated 
fats  

• Kalmijn, Launer et al. 1997; Kalmijn, vanBoxtel et al. 2004; Morris, Evans 
et al. 2003; Luchsinger, Tang et al. 2002; Laitinen et al. 2006  

• Coffee 
• Maia, de Mendonca 2002 

• Fruits  
• Dai, Borenstein et al 2006; Barberger-Gateau et al 2007;  

• Vegetables (polyphenol antioxidants?) 
• Dai, Borenstein et al 2006, Kang, Grodstein; Research-Practice AD 2007, 
Barberger-Gateau et al 2007;  

• Curry (curcumin - antiinflammatory? 
antioxidant?) 

• Tze-Pin Ng et al 2006 



• Vitamin C  
• Luchsinger, Tang et al. 2003, Masaki, Losonczy et 
al. 2000, Heart Protection Study 2002; Laurin, 
Masaki et al. 2004; Dai, Borenstein et al 2006; Yaffe 
2004 

• Vitamin E  
• Sano 1997; Luchsinger, Tang et al. 2003, Masaki, 
Losonczy et al. 2000; Heart Protection Study 2002; 
Laurin, Masaki et al. 2004; Yaffe 2004; Dai, 
Borenstein et al 2006; Kang 2006 

• Vitamin B12  
• Crystal, Ortof et al. 1994, Seshadri, Baser et al. 
2002; Morris 2006; Ravaglia 2005; Balk 2007 
(metaanal-interv); Aisen 2008 

• Vitamin B6 
• Seshadri, Baser et al. 2002; Morris 2006; Balk 
2007 (metaanal-interv); Aisen 2008 

• Folate 
• Seshadri, Baser et al. 2002; Balk 2007 (metaanal-
interv); Haan 2007; Middleton 2007; Morris 2006; 
Aisen 2008 

• Fish 
• Schaefer, Bongard et al. 2006; 

• Fats  
• Engelhart, Geerlings et al. 2002 

• Omega-3 
• O.van de Rest et al. 2008 

• Carotenes  
• Heart Protection Study 2002; Luchsinger, Tang et al. 
2003; Laurin, Masaki et al. 2004; Yaffe 2004. 

• Calcium (high worse) 
• Van Vliet 2004. 

• Wine 
• Dai, Borenstein et al 2006; Barberger-Gateau et al 2007;  

• Flavonoids 
• Laurin, Masaki et al. 2004. 

• Tea 
• Forster, Newens et al. 1995; Rogers, Simon et al. 1999  

• Fruits 
• Kang, Grodstein; Research-Practice AD 2007 



Diet and AD 
• One of the reasons for discrepancies between studies: we look 
at isolated-individual food or nutrients and not composite dietary 
patterns. Individuals do not consume foods or nutrients in 
isolation but rather as components of their overall daily diet.  

• Growing attention in dietary pattern analysis (Jacobson, Stanton 
1986) in relation to  

• Cirrhosis  
• Corrao, Zambon et al. 2004 

• Various cancers  
• McCann, Weiner et al. 2001; Rouillier, Senesse et al. 2004; Cottet, Bonithon-Kopp 
et al. 2005 

• Dietary patterns not explored in the neurological literature 



Dietary Pattern approach - Advantages 



Dietary Pattern – MeDi approach - Disadvantages 

• It assumes underlying monotonic effects and does not address 
possible thresholds or the shape of the underlying curve.  

• It weighs equally the underlying individual food categories, 
which in turn are composed of different number of food 
constituents. 
•   
• Because they cannot isolate food or nutrient-specific effects, 
they do not elucidate our understanding of the biological 
mechanisms that mediate their association with disease. 



Dietary Pattern approach 

•  Can be developed a posteriori on the basis of already 
existing data (empirical aggregation of individuals with 
similar diets based on their reported intake of food) 
–  Use of various multivariate methods such as discriminant analyses, 

principal components analyses or cluster analyses  
–  McCann, Weiner et al. 2001; Costacou, Bamia et al. 2003; Villegas, 

Salim et al. 2004; Corrao, Zambon et al. 2004; McCann, Weiner et al. 
2001; Rouillier, Senesse et al. 2004; Cottet, Bonithon-Kopp et al. 2005 

•  Can be developed a priori on the basis of previous 
knowledge concerning a favorable or adverse health effect 
of various dietary constituents 
–  Such an example is the Mediterranean Diet (MeDi) 



Mediterranean Diet 
•  High intake of  
–  Vegetables  
–  Legumes  
–  Fruits 
–  Cereals 
–  Fish  
–  Unsaturated fatty acids (mostly in the form of olive oil),                           
but low intake of saturated fatty acids  

•  Low-to-moderate intake of  
–  Dairy products (mostly cheese or yogurt) 
–  Meat and Poultry 

•  Regular but moderate amount of  
–  Ethanol, primarily in the form of wine and generally during meals 

•  Seems to include many of the components reported as 
potentially beneficial for AD and cognitive performance 





Washington’s Heights and Inwood Columbia 
Aging Project (WHICAP) 

•  Survey population (1992 and 1999 cohorts) 
–  Probability sample of Medicare beneficiaries aged 65 or older 
–  Washington’s Heights and Inwood communities in Manhattan, New York 

•  Baseline Visit 
–  Medical – Neurological / Demographic information  
–  Neuropsychological evaluation 

–  Memory (short and long-term verbal (Buschke and Fuld 1974) and nonverbal 
(Benton 1955));  

–  Orientation;  
–  Abstract reasoning (verbal (Wechsler 1981) and non-verbal (Mattis 1976)); 
–  Language (naming (Goodglass and Kaplan 1983), verbal fluency(Benton and 

Hamsher 1976; Goodglass and Kaplan 1983) comprehension (Goodglass and 
Kaplan 1983) and repetition(Goodglass and Kaplan 1983));  

–  Construction (copying (Rosen 1981) and matching (Benton 1955)).  



WHICAP 
•  Baseline visit 

–  Diet: 61-item semi-quantitative food frequency questionnaire (Willett, 
Sampson et al. 1985) 

•  Validity (two 7-day food records) and reliability (two 3-month frequency 
assessments) of various components of the questionnaire in WHICAP          
(Luchsinger, Tang et al. 2002; Luchsinger, Tang et al. 2003; Luchsinger, Tang et al. 2004) 

•  Consensus diagnosis Neurologists- Neuropsychologists 
–  All ancillary information (medical charts, CTs or MRIs) considered, if available. 
–  Evidence of cognitive deficits using a fixed paradigm (Stern, Andrews et al. 1992): criterion 

scores applied to each neuropsychological test, and subjects performing below these scores on 
2/3 aspects of memory testing as well as 2 other areas (orientation, language, abstract 
reasoning, or construction) meet dementia criteria.  

–  Evidence of impairment in social or occupational function (Blessed Dementia Rating Scale, 
the Schwab and England Activities of Daily Living Scale and the physician’s assessment),  

–  Evidence of cognitive and social-occupational function decline from the past  
–  Diagnosis of dementia (DSM-III-R)(American Psychiatric Association 1987).  
–  Diagnosis of AD NINCDS-ADRDA (McKhann, Drachman et al. 1984)  

•  Neuropsychological testing, Physician’s Evaluations, Diagnosis repeated 
every ~ 1.5 years   



Mediterranean Diet 
•  High intake of  
–  Vegetables  

•  (tomato, brocolli, cabbage, carrot, corn, peas, yams, spinach, yellow squash) 
–  Legumes  

•  (beans-lentils) 
–  Fruits 

•  (apple, orange, orange or grapefruit juice, peaches-appricots-plums, bananas, other fruit,  
nuts) 

–  Cereals  
•  (white bread, dark bread, rice or pasta) 

–  Fish  
–  Unsaturated fatty acids (mostly in the form of olive oil), but low intake of 
saturated fatty acids  

•  Low-to-moderate intake of  
–  Dairy products  

•  (cottage cheese, other cheese, skim milk, milk, yogurt, ice cream, margarin, butter) 
–  Meat and Poultry  

•  (chicken or turkey with skin, without skin, bacon, hot dog, processed meat, liver, 
hamburger, beef or other meat, sandwitch beef or other meat) 

•  Regular but moderate amount of  
–  Ethanol, primarily in the form of wine and generally during meals 



    MeDi Calculation (Trichopoulou, Costacou et al. 2003) 

1.  Average frequency of food 
consumption over the course 
of last year 

2.  Using (i) frequencies and (ii) 
standard serving sizes, 
calculate daily gram intake for 

•  <1 serving/month,  
•  1-3 servings/month,  
•  1 serving/week,  
•  2-4 servings/week,  
•  5-6 servings/week,  
•  1 serving/day,  
•  2-3 servings/day,  
•  4-5 servings/day,  
•  >6 servings/day.  

–  Dairy  
–  Meat  
–  Fruits  
–  Vegetables  
–  Legumes  
–  Cereals  
–  Fish   
–  MUFA   
–  SFA  



MeDi Calculation 
3.  Regress caloric intake (kcal) and derive residuals of daily gram 
intake (Willett and Stampfer 1998) for each of the above categories (Trichopoulou, 
Costacou et al. 2003) 

4.  Calculate sex-specific medians of residuals and assign a value of 0 
or 1 for each of the above categories for each subject.  
–  For beneficial components (fruits, vegetables, legumes, cereals, fish, MUFA / SFA)  

•  ≥ sex-specific median    1 
•  < sex-specific median    0 

–  For detrimental components (meat and dairy products)  
•  ≥ sex-specific median    0 
•  < sex-specific median    1 

–  For alcohol 
•  no (0 g/day; 68%)       0     
•  ≥ moderate (≥30 g/day; 1%)     0 
•  mild-moderate (>0 to <30 g/day; 31%)  1 

5.  MeDi score: SUM of the above (theoretically ranging 0-9) with 
higher score indicating higher adherence to the MeDi.  





MeDi and Prevalent AD 

•  1790 non-demented at baseline [CDR = 0]. 
•  194 with a diagnosis of AD at baseline [CDR = 1].   

•  Logistic Regression analyses 
–  Outcome  

•  Prevalent AD vs. Non-demented 
–  Main predictor  

•  MeDi (continuous) 
•  MeDi (tertiles)  

–  Covariates adjusted for  
•  cohort, age, gender, education, ethnicity, caloric intake, APOE, BMI, 

smoking, modified comorbidity index (Charlson) 







MeDi and Incident AD 
•  2226 non-demented at baseline  
•  Follow-up 

–  4.0 (± 3.0, 0.2– 13.9) years  
•  262 subjects developed AD during follow-up  

–  184 AD without stroke 
–  78 AD with stroke 

•  Survival analyses - Cox models 
–  Outcome  

•  Incident AD vs. Non-demented 
•  Time to AD incidence or to last follow-up 

–  Main predictor  
•  MeDi (continuous) 
•  MeDi (tertiles)  

–  Covariates adjusted for  
•  cohort, age, gender, education, ethnicity, caloric intake, APOE, BMI, 

smoking, modified comorbidity index (Charlson) 





Model 1 is unadjusted.  

Model  2  is  adjusted  for  cohort,  age,  gender,  ethnicity,  education,  APOE 
genotype, caloric intake, smoking, comorbidity index and BMI. 



MeDi and incident AD – Supplementary analyses 

•  Individual dietary components as predictors in forward 
selection Cox models 

•  Unadjusted 
–  Mild-Moderate alcohol consumption  
•  0.61 [0.45-0.82]; p = 0.001  

–  Higher vegetable consumption  
•  0.76 [0.60-0.97]; p = 0.030 

•  Adjusted for cohort, age, gender, ethnicity, education, APOE genotype, 
caloric intake, smoking, comorbidity index and body mass index. 
–  None  of  the  individual  components  was  a  significant  AD 
predictor. 











Baseline non-MCI  Incident MCI 

Baseline Non MCI 
N = 1393 

Incident MCI 
N = 275 

MeDi 

Follow-up  
4.5 (0.9 – 16.4)years 

Annual Incidence: ~ 5% 







Baseline MCI  Incident AD: 

Baseline MCI 
N = 482 

Incident AD 
N = 106 

MeDi 

Follow-up  
4.3 (1 – 13.8) years 

Annual incidence 5% 







Conclusions 
MeDi and MCI 

•  Higher adherence to MeDi is associated with 
reduced risk for incident MCI 

•  Higher adherence to MeDi is associated with 
reduced risk for conversion of MCI to incident AD 
(in particular for non-memory MCI) 





• MeDi seems to be protective for 
development of AD. 

• What about after AD onset? Does 
MeDi affect AD course and 
prognosis???  





•  Survival analyses - Cox models 
–  Outcome  

•  Dead vs. Alive 
•  Time to either death or to last follow-up 

–  Main predictor  
•  MeDi (continuous) 
•  MeDi (tertiles)  

–  Covariates adjusted for  
•  cohort, age, gender, education, ethnicity, caloric intake, APOE, BMI, 

smoking 

MeDi and mortality 
Prevalent AD  

[Overall n = 184; Deaths = 68; Follow-up = 4.4 years] 





     HR   95% CI   p value 
•  Unadjusted continuous    

     .79   .68  .93   .003 
•  Adjusted continuous   

     .77   .64  .92   .004 
•  Adjusted tertiles (lowest tertile of adherence reference)  p for trend 

 middle tertile   .67   .37  1.22   .02 
    highest tertile   .32   .11  .95 

MeDi and mortality 

Mean survival: 
• Lower adherence tertile: 6.6 years 
• Middle adherence tertile: 7.9 years 
• Higher adherence tertile: 10.5 years 



Conclusions 
MeDi and Mortality 

•  Higher adherence to MeDi is associated with 
reduced mortality in AD 

•  Effect present even when adjusting for multiple 
covariates 

•  Possible dose-response 





Concerns - Limitations 

•  Replication 

•  “Healthy Person Bias”  -   
“Residual Confounding” 



Concerns - Limitations 

•  Replication 

•  “Healthy Person Bias”  -   
“Residual Confounding” 





Concerns - Limitations 

•  Replication 

•  “Healthy Person Bias”  -   
“Residual Confounding” 





Copyright restrictions may apply.


Scarmeas, N. et al. JAMA 2009;302:627-637. 

Selection of Individuals for Study Inclusion Who Were From the Washington Heights-Inwood 
Columbia Aging Project 



Copyright restrictions may apply.


Scarmeas, N. et al. JAMA 2009;302:627-637. 

Cox Proportional Hazard Ratios (HRs) for Alzheimer Disease (AD) Incidence by Physical Activity 
and Mediterranean-Type Diet Scores 



Copyright restrictions may apply.


Scarmeas, N. et al. JAMA 2009;302:627-637. 

Alzheimer Disease (AD) Incidence by High or Low Physical Activity Levels and Mediterranean-
Type Diet Adherence Scores 



Copyright restrictions may apply.


Scarmeas, N. et al. JAMA 2009;302:627-637. 

Alzheimer Disease (AD) Incidence in Individuals by No, Some, or Much Physical Activity and 
Low, Middle, and High Mediterranean-Type Diet Adherence Scores 

Unadjusted HR: 
0.78  (0.53-1.14) 
0.63  (0.43-0.92) 
0.46  (0.31-0.69) 
0.33  (0.19-0.57) 

 Trend: 0.77 (0.69-0.85) p<0.001 
Adjusted HR: 

0.96  (0.60-1.55) 
0.92  (0.59-1.43) 
0.58  (0.36-0.95) 
0.39  (0.20-0.76) 

 Trend: 0.80 (0.71-0.90) p<0.001 



MeDi - Physical activity and AD 
Conclusions 

•  More physical activity is associated with lower risk for AD 
development 

•  There is an independent effect of physical activity and 
Mediterranean diet adherence in protecting from AD onset 

•  The above are present over and above adjustment for 
various potential confounders 

•  Subjects in the highest tertiles of both physical activity and 
Mediterranean diet adherence have 61-67% reduction in risk 
for developing AD.  





Mediterranean Diet,  
and Cognition:  

• Possible Mechanism(s)?? 







Overall Conclusions 
•  MeDi (and composite dietary patterns in general) not 

adequately explored in neurological literature 
•  MeDi adherence is associated with  

–  reduced AD risk 
–  lower risk for MCI and lower conversion of MCI to AD 

•  Possible mechanisms could be vascular, inflammatory, 
oxidative, metabolic; not adequately investigated yet.  

•  MeDi adherence can affect further AD course: associated 
with prolonged survival. 

•  Both a healthy diet such as the MeDi and physical activity 
seem to be associated with reduced AD risk in an 
independent way. 















Future plans 
•  Investigation of possible mechanisms  

– vascular 
– inflammatory  
– oxidative  
– Metabolic  

•  Other possible dietary patterns 
– Reduced Rank Regression analyses (RRR) 
– Canonical Variance Analyses (CVA) 

•  Intervention? 



Cretan 
Villages 

•  Kastelli 
•  Thrapsano  
•  Xidas (Lytos) 
•  Voni 
•  Apostoli 
•  Agies Paraskies 

Corfu 
Villages 

•  Korakiana 
•  Skriperon  
•  San Marcos 



Mediterranean Diet - History 

•  7 countries study (Ancel Keys 1978; Keys 1970) 
–  In Greece (preliminary 1957; official 1961) in villages in 

Crete (n=686) and in Corfu (n=529) 
–  7 day assessments of food and chemical analyses in random 

samples of groups of 30-40 men in Greece 
•  Repeated 3 times in Crete (1960; 1962; 1965) 
•  Repeated Twice in Corfu (1961; 1963) 





MeDi stability 

•  1015 subjects with multiple dietary assessments (no dementia during 
follow-up).  
–  2 dietary assessments for 831 subjects  
–  3 dietary assessments for 137 subjects 
–  4 dietary assessments for 43 subjects.  
–  5 dietary assessments for 4 subjects 
–  Mean time interval between dietary assessments 6.1 years (sd 3.1, range 1 – 
12.8). 

•  Generalized estimating equations (GEE) in subjects with >1 dietary 
assessments  
–  MeDi score as the dependent variable  
–  Time (years) as predictor 

•  MeDi score stable (β = -0.01, p = 0.44).  





MCI definition 

•  Retrospectively applied after consensus for each visit 
–  Memory complaint, in 1 or more from 11 items 

•  Disability and Functional Limitations Scale (IADL) 
–  (any memory difficulties, any memory problem past month, memory for things read or heard, memory for 

names, remembering right word). 
•  Blessed functional activities scale 

–  Cognitive impairment (<1.5 sd for age, gender, education, ethnicity corrected  
norms) in at least 1 cognitive domain (summary z-scores for each domain). 

•  Memory (total recall SRT, free recall SRT, recognition BVRT) 
•  Executive (letter fluency, category fluency, WAIS-R similarities) 
•  Language (Boston naming, BDAE repetition, BDAE comprehension) 
•  Visuospatial (Rosen, BVRT matching) 

–  Preserved IADL 
•  Disability and Functional Limitations Scale (IADL) summary measure on 6 domains (phone, 

cooking, shopping, finances, change, medications): complaints in not more than 2 domains.  

–  No dementia diagnosis in consensus conference 



Clinical – demographics by diagnosis 



Clinical – demographics by MeDi 



Baseline non-MCI  Incident MCI: 
Relation of MeDi and MCI to covariates 

•  Incident MCI more common in 
– Hispanics (less in Whites) 
– Older 
– Lower Education 

•  MeDi higher (more adherent) 
– Hispanics (Blacks less) 
– Lower Caloric intake 



MCI subtypes definition 

•  MCI amnestic 
–  Impairment in Memory domain 
–  Normal all other domains ( Executive, 

Language, Visuospatial) 

•  MCI Executive 
–  Impairment in Executive domain 
–  Normal all other domains ( Memory, 

Language, Visuospatial) 

•  MCI Language 
–  Impairment in Language domain 
–  Normal all other domains ( Memory, 

Executive, Visuospatial) 

•  MCI Visuospatial 
–  Impairment in Visuospatial domain 
–  Normal all other domains ( Memory, 

Executive, Language) 

•  MCI Multiple Cognitive Domains 
with Memory 
–  Impairment in Memory domain 
–  Impairment in at least one other 

domain (Executive, Language, 
Visuospatial) 

•  MCI Multiple Cognitive Domains 
without Memory 
–  Normal Memory domain 
–  Impairment in at least two other 

domains (Executive, Language, 
Visuospatial) 



Incident AD *adjusted 
(i)Baseline Multiple domain Memory and  

(ii)Baseline Multiple domain Non-Memory 
Predictor HR 95 % CI P 

Baseline Mult. domain Memory MCI ( N = 175) – Incident AD ( N = 49) 

MeDi continuous (0-9) 0.99 0.82 1.20 0.96 

Low MeDi tertile 1 (ref) - - - 

Middle MeDi tertile 0.48 0.22 1.04 0.06 

High MeDi tertile 0.71 0.32 1.59 0.41 

MeDi tertile trend 0.84 0.55 1.29 0.45 

Baseline Mult. domain Non-Memory MCI ( N = 234) – Incident AD ( N = 47) 

 MeDi continuous (0-9) 0.74 0.60 0.91 0.005 

Low MeDi tertile 1 (ref) - - - 

Middle MeDi tertile 0.49 0.24 1.01 0.05 

High MeDi tertile 0.25 0.10 0.63 0.003 

MeDi tertile trend 0.50 0.32 0.79 0.003 



Mediterranean Diet and other diseases 

•  Lower risk for Total Mortality 
– ~22000 participants in Greece  

•  Trichopoulou, Kouris-Blazos et al.1995; Trichopoulou, Costacou et al. 2003  

– ~2500 participants in 11 European countries 
•  Knoops, deGroot et al. 2004 

– ~75000 adults in 11 European countries 
•  Trichopoulou, Orfanos et al. 2005  

– ~380000 NIH AmAsRetPersons Diet and Health 
study in the  U S 

•  Mitrou, Kipnis et al. 2007 
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Characteristics of All Individuals at First Evaluation, Stratified by Alzheimer Disease (AD) 
Incidence 
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Characteristics of All Individuals at First Evaluation, Stratified by Physical Activity 



Initial N:1410 (vs. 2258) 
Incident AD: 66 (vs. 262) 
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MeDi and incident AD – Supplementary analyses 

•  Individual dietary components as predictors in forward 
selection Cox models 

•  Unadjusted 
–  Mild-Moderate alcohol consumption  
•  0.61 [0.45-0.82]; p = 0.001  

–  Higher vegetable consumption  
•  0.76 [0.60-0.97]; p = 0.030 

•  Adjusted for cohort, age, gender, ethnicity, education, APOE genotype, 
caloric intake, smoking, comorbidity index and body mass index. 
–  None  of  the  individual  components  was  a  significant  AD 
predictor. 



Model 1 is unadjusted.  

Model  2  is  adjusted  for  cohort,  age,  gender,  ethnicity,  education,  APOE 
genotype, caloric intake, smoking, comorbidity index and BMI. 

Model 3 is adjusted for all variables of model 2, plus the following additional 
vascular  variables: history of  stroke, diabetes, hypertension, heart disease, 
and plasma TC, HDL, TG, LDL.. 



MeDi and incident AD – Missing data analyses 



MeDi and incident AD – Missing data analyses 

–  Missing dietary information (n = 527) vs. available dietary 
information  

•  Slightly lower education (9.1 vs. 9.9, p = 0.001).  
•  Higher proportions of dementia (17.5% vs. 11%, p < 0.001)  
•  Higher mortality (32% vs. 18%, p < 0.001) 

–  dietary assessment was added after initiation of the study and was not 
available for subjects recruited earlier on.  

•  No significant differences in  
–  age (76.7 vs. 77, p = 0.30) 
–  gender (33% male vs. 33% male, p = 0.68) 
–  ethnicity (White 25%, Black 31%, Hispanic 43% Other 1% vs. White 27%, 

Black 33%, Hispanic 39% Other 1%, p = 0.24)  
–  medical comorbidity index (2.1 vs. 2.0, p = 0.27) 
–  APOE genotype (ε4 carriers 27% vs. 28%, p = 0.79)  







MeDi stability 

•  Generalized estimating equations (GEE) in subjects with >1 dietary assessments  
–  MeDi score as the dependent variable  
–  Time (years) as predictor 

•  390 subjects who did not develop dementia during follow-up.  
–  2 dietary assessments for 308 subjects  
–  3 dietary assessments for 71 subjects 
–  4 dietary assessments for 11 subjects.  
–  Mean time interval between dietary assessments 7.1 years (sd 2.36, range 1 – 12.8). 

•  MeDi score stable (β = -0.01, p = 0.41).  

•  89 subjects who developed AD during follow-up 
–  2 dietary assessments for 78 subjects.  
–  3 dietary assessments for 8 subjects.  
–  4 dietary assessments for 3 subjects.  
–  Mean time interval between dietary assessments 8.1 years (sd 1.9, range 1.8 – 11.9). 

•  MeDi score stable (β = -0.05, p = 0.09). 



One sample t-test: -1.6 
p = 0.11 

One sample t-test: -1.23 
p = 0.25 



MeDi and incident AD – Supplementary analyses 

–  Excluding baseline CDR = 0.5 
•  1898 subjects at risk with 156 incident AD cases,  
•  Continuous MeDi HR:  

–  0.88 (0.80 – 0.97), p = 0.007  
•  Tertile MeDi analyses 

–  p for trend 0.018 

–  Excluding both baseline CDR=0.5 and those followed for less 
than 2 years 

•  1575 subjects at risk with 134 incident AD cases 
•  Continuous MeDi HR:  

–  0.89 (0.80 – 0.98), p = 0.020  
•  Tertile MeDi analyses  

–  p for trend 0.027  



MeDi and incident AD – Supplementary analyses 

–  Excluding baseline CDR = 0.5: 
•  1898 subjects at risk with 156 incident AD cases,  
•  Continuous MeDi HR: 0.88 (0.80 – 0.97), p = 0.007,  
•  Tertile analyses p for trend 0.018 

–  Excluding both baseline CDR=0.5 and those followed for less 
than 2 years: 

•  1575 subjects at risk with 134 incident AD cases 
•  Continuous HR: 0.89 (0.80 – 0.98), p = 0.020.  
•  Tertile analyses p for trend 0.027.  

–  Probable AD without stroke as the outcome (excluding AD with 
coexisting stroke, n = 78): 

•  2144 subjects at risk with 184 incident probable AD without stroke,  
•  Continuous HR: 0.90 (0.83 – 0.98), p = 0.015,  
•  Tertile analyses p for trend 0.018.  



MeDi Calculation 
•  Using (i) frequencies and (ii) standard portion sizes, calculate daily 
gram intake for the following categories 
–  Dairy  

 (whole fat milk, yogurt, ice cream, cottage or ricotta cheese, other cheese)  
–  Meat  

 (chicken-turkey with skin, bacon, hot dog, processed meats [sausage, salami, etc], liver, 
hamburger, beef-pork-lamb [sandwitch or mixed dish], beef-pork-lamb [main dish] 

–  Fruits  
 (apple, orrange, orange-grape fruit juice, peach-apricot-plum, banana, other fruit)  

–  Vegetables  
 (tomatoes,broccoli, cabbage-cauliflower-Brussels sprouts, carrots raw, carrots cooked, corn, 
yams-sweet potatoes, spinach-collard green cooked, yellow squash)  

–  Legumes  
 (peas-lima beans, beans-lentils baked or dried)  

–  Cereals  
 (cold breakfast cereals, white bread, dark bread, rice-pasta, potatoes baked-broiled-mashed)  

–  Fish   
–  MUFA   
–  SFA  









Mediterranean Diet and other diseases 
•  Lower risk for    

–  Cancer (large bowel, breast, endometrium, prostate) 
•  Trichopoulou, Lagiou et al. 2000 

–  Obesity 
•  Schroder, Marrugat et al. 2004; Esposito, Marfella 2004 

–  Hypertension 
•  Panagiotakos, Pitsavos et al. 2003; Chrysohoou, Panagiotakos et al. 2004; Psaltopoulou, 

Naska et al. 2004; Chrysohoou, Panagiotakos et al. 2004; Psaltopoulou, Naska et al. 2004; 
Singh, Dubnov et al. 2002; Esposito, Marfella et al. 2004  

–  Dyslipidemia (decrease in TC, LDL, TG and increase in HDL) 
•  Chrysohoou, Panagiotakos et al. 2004; Singh, Dubnov et al. 2002 

–  Coronary Heart Disease 
•  Knoops, de Groot et al. 2004; Trichopoulou, Costacou et al. 2003); Singh, Dubnov et al. 2002; 

de Lorgeril, Salen et al. 1999 

–  Abnormal Glucose metabolism –Insulin resistance - Diabetes 
•  Singh, Dubnov et al. 2002; Esposito, Marfella et al. 2004 





Mediterranean Diet and other diseases 

•  Lower risk for Total Mortality 
– ~22000 participants in Greece  

•  Trichopoulou, Kouris-Blazos et al.1995; Trichopoulou, Costacou et al. 2003  

– ~2500 participants in 11 European countries 
•  Knoops, deGroot et al. 2004 

– ~75000 adults in 11 European countries 
•  Trichopoulou, Orfanos et al. 2005  



MeDi and incident AD 
•  2258 non-demented at baseline  
•  Follow-up 

–  4.0 (± 3.0, 0.2– 13.9) years  
•  294 subjects developed dementia during follow-up  

–  262 AD  
•  184 AD without stroke 
•  78 AD with stroke 

•  Survival analyses - Cox models 
–  Outcome  

•  Incident AD vs. Non-demented 
•  Time to AD incidence or to last follow-up 

–  Main predictor  
•  MeDi (continuous) 
•  MeDi (tertiles)  

–  Covariates adjusted for  
•  cohort, age, gender, education, ethnicity, caloric intake, APOE, BMI, 

smoking, modified comorbidity index (Charlson) 



Mediterranean Diet 
 and  

Associations with other 
variables 



MeDi characteristics and associations with other 
variables 

Conclusions  

•  Hispanics adhere more and Blacks less to MeDi 
•  Higher adherence to MeDi associated with  

–  Less smoking 
–  Lower total caloric intake 

•  MeDi not associated with  
–  Cohort, Age, Gender,Education, APOE, BMI, Comorbidities 

•  MeDi stable over time irrespective of future dementia 
status  



Mediterranean Diet 
 and  

Vascular Comorbidity 



MeDi and Vascular Comorbidity 
 Conclusions 

•  Smokers adhere less to MeDi. 
•  Higher adherence to MeDi associated with higher LDL 

in controls 
•  Higher adherence to MeDi associated with lower HDL 

in AD  
•  In general not impressive associations of MeDi with 

vascular comorbidity in this population 



Mediterranean Diet,  
cognition and AD:  

mediation by  
Vascular Comorbidity? 



MeDi cognition and AD:  mediation by 
vascular comorbidity? 

 Conclusions 

•  Vascular comorbidity does not mediate or mediates 
very little the association between MeDi and risk for 
AD or cognitive decline.  



Mediterranean Diet  
and  

Baseline Cognition 



MeDi and Baseline Cognition  
Overall Conclusions 

•  Higher adherence to MeDi, higher composite 
cognitive score 

•  Association driven by memory and executive-
speed domains 

•  Association more prominent in AD, less so in 
controls  



Mediterranean Diet  
and 

Mortality 



MeDi and Mortality  
Conclusions 

•  Higher adherence to MeDi is associated with 
reduced mortality in both AD and controls 

•  Effect present even when adjusting for multiple 
covariates 

•  Possible dose-response 
•  Association is stronger in AD  



Overall Conclusions 
•  MeDi associated with lower risk for AD 
•  Possible dose-response 
•  MeDi associated with lower rates of cognitive 

decline (visual spatial, language, executive) 
•  Associations between MeDi and AD risk of 

cognitive decline not mediated by vascular factors 
•  MeDi associated with less mortality, more so in 

AD, less so in non-demented. 







One sample t-test: -1.18 
p = 0.24 

One sample t-test: -1.59 
p = 0.12 



Diet and AD 

Discrepancies between studies could be due to multiple methodological reasons: 
 Measurement error in nutrients  
  if not related to outcome leads towards null, decreased power 
  if related to outcome either hyper or hypoestimation of associations 
 Latency period between diet and cognition-dementia  
  not enough time for diet to manifest its effect 
 Preclinical AD  

True answer from clinical trials – randomization 
 Example:Despite observational longitudinal data, 
  Clinical trial of reduced total fat intake, increased vegetables-grains 
  in 48K women over 8 years; no effect on CVD, stroke, Colorectal 
  cancer, Breast CA 

Clinical Trials Costly – difficult to implement 



Mediterranean Diet 

•  Lower risk for  
– obesity 
– cardiovascular disease 
– several forms of cancer (large bowel, breast, 

endometrium, prostate) 
– overall mortality 

–  Lagiou, Trichopoulou et al. 1999; Trichopoulou, Kouris-Blazos et al. 
1995; Lasheras, Fernandez et al. 2000; Trichopoulou, Lagiou et al. 
2000; Panagiotakos, Pitsavos et al. 2003; Trichopoulou, Costacou et 
al. 2003; de Lorgeril, Salen et al. 1999; Singh, Dubnov et al. 2002; 
Esposito, Marfella et al. 2004; Trichopoulou, Orfanos et al. 2005; 
Trichopoulou, Lagiou et al. 2000; Trichopoulos and Lagiou 2004; 
Schroder, Marrugat et al. 2004  



Caloric – Energy issues 



Caloric intake issue in dietary analyses 
•  Residual method: include nutrient residuals and total caloric intake  

•  Standard multivariate model: include unadjusted nutrients and total caloric intake  
–  Interpretation of total caloric intake is different: ie. fat and total caloric intake, then the effect 
of total caloric intake is the effect of calories unrelated to fat [therefore related to protein 
and carbohydrates] 

–  Presentation of relative risks for disease of nutrient intakes independent of caloric intake 
would be artificially large (because this degree of variation of nutrients independent of 
caloric intake would not exist in actuality). 

–  Colinearity 

•  Energy decomposition or Energy partition model: include different terms for calories 
from different nutrients 

•  Multivariate nutrient density method: include nutrient density [nutrient / caloric intake] 
and total caloric intake 



Dietary Accuracy Issues 

•  Variability in dietary questionnaires is higher than 
dietary records 

•  Energy expenditure measured by doubly-labeled water 
is higher as compared to the one measured by dietary 
records 

•  Underreporting is larger for obese and women (which 
are usually accounted for in analyses) 

•  Underreporting unrelated to dietary composition 












