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              FACED with an aging population and a growing preva-
lence of dementia, it is critical to fi nd an effective means 

to delay the onset of dementia and to fi nd ways to slow the 
process of cognitive decline. Nutrition has been receiving 
much attention as a potential modifi able lifestyle factor 
leading to healthy cognitive aging. Although    the oldest old 
(aged 85 years and older) are the fastest growing segment of 
the population both in the United States and in Japan ( 1 ), 
and although they face the highest risk of developing de-
mentia due to the risk factor of age alone, the optimal intake 
or circulating levels of various micronutrients have not yet 
been established in this age group. 

 Two frequently studied dietary-related factors related to 
Alzheimer ’ s disease (AD), the most dominant type of de-
mentia in the United States, are homocysteine and vitamin 
E. Elevated plasma total homocysteine concentrations have 
been found to be a strong risk factor for dementia, as well as 
AD, in epidemiological studies ( 2 , 3 ). Also, higher vitamin 
E intakes and serum tocopherol concentrations have been 
found to be protective against cognitive decline and demen-
tia in epidemiological studies ( 4  –  9 ). However, with the ex-
ception of only a few trials ( 10 ), the majority of randomized 
clinical trials thus far have failed to support these observa-
tional study fi ndings ( 11  –  16 ). 

 One possible reason for this discrepancy between epide-
miological studies and clinical trials might be that healthy 
lifestyle comes with various components. As for nutrition, a 
balanced combination of several nutrients could be neces-
sary to obtain positive health effects. Examining the serum/
plasma micronutrient levels of multiple cohorts who 
achieved successful cognitive aging (ie, survival to oldest 
old with intact cognitive functions) could help clarify the 
possible combinations and optimal levels of micronutrients 
leading to healthy cognitive aging. Furthermore, if the as-
sociation between cognitive function and micronutrients is 
not entirely linear over a wider spectrum of distribution of 
micronutrients, the study results based on a single cohort 
could mask important information. This issue is depicted by 
hypothetical associations between micronutrients and cog-
nitive functions in  Figure 1 . For example, in this fi gure, 
cohort A has a higher level of a specifi c micronutrient 
compared with cohort B. If the association between a spe-
cifi c micronutrient level and cognitive function is linear (eg, 
as micronutrient levels increase, the cognitive function de-
creases), then we have a negative association between cog-
nitive functions and the micronutrient in both cohort studies 
(depicted by the line indicated by scenario I). On the other 
hand, if the effect of a specifi c micronutrient on cognitive 
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function levels off after a certain threshold as depicted by 
the line indicated by scenario II, then we might fi nd a nega-
tive association between this micronutrient and cognitive 
function in cohort B but fi nd no association in cohort A. 
Finally, if the association is inverse before and after a cer-
tain threshold level of micronutrient (scenario III), then we 
would fi nd contradicting relationships between this micro-
nutrient and cognitive functions between the studies con-
ducted using cohorts A (negative association) and B (positive 
association). Therefore, comparisons of the absolute levels 
of circulating micronutrients obtained from groups of par-
ticipants with very different dietary habits are a useful fi rst 
step in the analysis of micronutrients and their effect on 
health.     

 Here, we present the result of a small-scaled pilot study 
that compared circulating levels of micronutrients among 
cognitively healthy volunteers aged 85 years and older in 
Okinawa and Oregon. The variables compared include, total 
plasma homocysteine (serum B 12  and folate as confound-
ers), serum vitamin E ( a - and  g -tocopherols), and serum 
sodium and potassium, factors linked to hypertension. Our 
hypothesis was that because both groups are survivors to the 
oldest-old age group with intact cognition (ie, achievers of 
successful cognitive aging), both groups would be simi-
lar in the levels of circulating micronutrients with regard 
to homocysteine, B 12  and folate (nutrients necessary for 
homocysteine metabolism), and  a - and  g -tocopherols (lipid-
soluble antioxidants).  

 P articipants   and  M ethods   

 Oregon Participants 
 We used the stored serum/plasma of 115 participants, 

collected between the years 2000 and 2001, who partici-
pated in the Dementia Prevention Study, a clinical trial of 
Ginkgo biloba for dementia prevention. Detailed descrip-
tion of this study is found elsewhere ( 17 ). Briefl y, the Ore-
gon Center for Complementary and Alternative Medicine in 
Neurological Disorders and National Institute on Ageing —
 Layton Aging and Alzheimer Disease Center conducted a 

42-month, randomized, double-blind, placebo-controlled 
pilot trial of standardized Ginkgo biloba extract to deter-
mine the effect of Ginkgo biloba extract on cognitive de-
cline among oldest-old participants. Entry criteria were (1) 
age 85 years or older, (2) Clinical Dementia Rating (CDR) 
scale ( 18 ) = 0, (3) no subjective memory complaint com-
pared with their age peers, (4) normal memory function de-
fi ned by an education-adjusted score on the Logical Memory 
subscale of the Wechsler Memory Scale ( 19 ), (5) Mini-
Mental State Examination score ( 20 ) more than 23, and (f) 
free from depressive symptoms defi ned by Center for Epi-
demiological Studies-Depression scale ( 21 ) less than 4. Par-
ticipants were recruited primarily through mass mailings to 
age-eligible individuals in the greater Portland area in the 
state of Oregon. We used the samples collected at the base-
line  “ before ”  the participants received Ginkgo biloba and 
vitamin E supplements. Out of 122 participants in the 
Ginkgo biloba extract trial, we used the data on 115 partici-
pants with adequate amounts of stored serum/plasma for 
examining micronutrient assessed in this study.   

 Okinawa Participants 
 Participants in this study were selected from the Keys to 

Optimal Cognitive Aging Project (KOCOA), a pilot project 
whose aim was to examine nutrition and other lifestyle fac-
tors leading to healthy cognitive aging. The recruitment 
(baseline of the study) was conducted from November 2007 
to March 2008. The participants were recruited using par-
ticipants ’  registers of senior clubs located in Ginowan city 
in Okinawa (approximately 10 km North of Naha city, the 
capital of Okinawa prefecture). Senior clubs, funded by the 
municipal government, offer various activities to the local 
seniors, which include handicrafts, games, traditional dance, 
and occasional lectures on topics of interest to the seniors. 

 Researchers in the current study visited all 22 senior cen-
ters located in Ginowan city, explained the aims of the study, 
and asked for volunteers. A request to join the study was 
made at the conclusion of each presentation. Of the 196 vol-
unteers, aged 80 years and older, who participated in the 
Keys to Optimal Cognitive Aging Project study, we selected 
49 participants using the following criteria for the current 
comparative pilot analysis: (1) age 85 years or older, (2) 
CDR ( 18 ) = 0, (3) no subjective memory complaints 
compared with their age peers, (4) normal memory function 
defi ned by the ability to recall the event of a blood draw at 
Ryukyu University (described later in detail), (5) Mini-Mental 
State Examination greater than or equal to 19 ( 20 , 22 ), and 
(6) free from depressive symptoms defi ned by the Japanese 
Geriatric Depression Scale 15-item version ( 23 ) less than 6. 

 Our study protocol included drawing a fasting venous 
blood sample at University of the Ryukyus Hospital fol-
lowed by a face-to-face interview within 2 weeks after the 
blood draw. We asked the participants at the face-to-face 
interview to recall whether they visited the University of the 
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 Figure 1.        Hypothetical associations between cognitive functions and a specifi c 
micronutrient   .    
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Ryukyus Hospital during the last 2 weeks and if so, what 
they did. If the participants voluntarily recalled the event of 
blood draw without any problems, we defi ned that the par-
ticipant had met the criteria (4) above. This procedure was 
used because an education-adjusted normative score on the 
Logical Memory subscale of the Wechsler Memory Scale 
( 19 ) (the criteria used for the Oregon cohort) has not been 
validated in Japan. A cut-point of Mini-Mental State Ex-
amination of 19 (instead of 24) was used because the mean 
years of education of this group, as with the majority of the 
current Okinawan elders, was very low with 6.8 years ( SD  = 
2.2). The low educational levels among the oldest old in 
Okinawa are mainly attributed to the interruption of school-
ing due to World War II. Based on the Mangus correction 
( 24 ), we used the age- and education-adjusted Mini-Mental 
State Examination score of 19 to refl ect the characteristics 
of the Okinawa cohort. H.H.D., who was trained in the CDR 
assessment protocol at Oregon Health & Science Univer-
sity, trained and supervised the interviewers at the Okinawa 
site for the CDR assessment. The informants required for 
completing CDR assessments were either the senior club 
activity directors who knew the participant very well or the 
participant ’ s family members. The data collected included 
basic demographic information, plasma/serum samples, 
height, weight, blood pressures, and various lifestyle fac-
tors. The study protocol was approved by the Institutional 
Review Boards of Oregon Health & Science University, Or-
egon State University, and University of the Ryukyus, 
School of Medicine.   

 Plasma/Serum Micronutrients 
 For both the Oregon and the Okinawan groups, plasma 

and serum were promptly separated by centrifugation at 

4°C for 15 minutes at 500 g  and stored at  − 80°C until ana-
lyzed. To increase the validity of the analysis of micronutri-
ents potentially sensitive to laboratory variation, we used 
the same laboratory for both groups. Serum     a - and  g - 
tocopherols were extracted and measured using high-
pressure liquid chromatography as described by Podda and 
coworkers ( 25 ), by the Traber Lab at Linus Pauling Institute 
at Oregon State University. Plasma homocysteine, serum 
B 12 , and serum folate were measured with an automated 
chemiluminescence assay system (Immulite; Siemens, 
Deerfi eld, IL   ) by the Oregon Clinical and Translational Re-
search Laboratory at Oregon Health & Science University. 
Total cholesterol, triglycerides, sodium, and potassium, 
were measured at SRL Inc. (Tokyo, Japan) for the Okinawan 
samples and at the Oregon Clinical and Translational Re-
search Laboratory at Oregon Health & Science University 
for the Oregonian samples, using standard clinical assays.   

 Statistical Analysis 
 We compared the basic demographic characteristics and 

micronutrient levels between the two cohorts using chi-
square statistics and logistic regression models (controlling 
for age and sex) for categorical variables, and  t  test, Wil-
coxon rank sum test and linear regression models (control-
ling for age and sex) for continuous variables. For the  a - and 
 g -tocopherols, we also compared those values adjusted by 
total cholesterol and triglycerides.    

 R esults  
  Tables 1 – 4  show the demographic characteristics of the 

two cohorts and micronutrient levels. For the nutrients 
whose abnormal values are already established, we also 

 Table 1.        Basic Demographic Characteristics of Okinawa and Oregon Cohorts  

  Okinawa ( N  = 49) Oregon ( n  = 115) Univariate Analysis  †  ,  p  Value Controlling for Age and Sex  ‡  ,  p  Value  

  Age 
     M  ( SD ) 87.0 (2.5) 87.3 (2.1) .41 § N/A 
     Median (range) 86.0 (85 – 96) 86.0 (85 – 94) 
 % Women 75.5 59.0 .04* N/A 
 Years of education 
     M  ( SD ) 6.8 (2.2) 13.6 (2.6) <.0001��‖  ** <.0001 ¶ ** 
 % Overweight (25  ≤  BMI < 30) 28.6 40.9 .12 .03* (excluding the obese) 
 % Obese (BMI  ≥ 30) 2.0 14.8 .01** .03* 
 Supplementation,  n  (%) 
     Multivitamins 1 (2.0) 36 (31.3) <.001** .002** 
     Vitamin B 2 (4.0) 11 (9.5) .23 .26 
     Vitamin E 1 (2.0) 22 (19.1) .003** .02*  

    Notes : BMI = body mass index; N/A = not applicable. Supplementation reported as  “ at least several times per week ” . Statistically signifi cant differences in mul-
tivariate models are shaded   .  

   †        Pearson chi-square test unless specifi ed otherwise.  
   ‡        Using logistic regression models unless specifi ed otherwise.  
  §       Wilcoxon rank sum test.  
   ‖        Using Student ’ s  t  test.  
  ¶       Using linear regression model   .  
  *Signifi cant at  p  < .05, **signifi cant at  p  < .01.   
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 Table 2.        Comparisons of Proportions of Participants With Hypertension and Circulating Sodium and Potassium Between Okinawa and Oregon 
Cohorts  

  Okinawa ( N  = 49) Oregon ( n  = 115) Univariate Analysis  †  ,  p  Value Controlling for Age and Sex  ‡  ,  p  Value  

  % Hypertension (diastolic >90 and/or 
   systolic >140 and/or taking 
   antihypertension medication)

85.7 89.2 .52 .57 

 Sodium     
 M ( SD ) 141.7 (3.1) 137.0 (2.7) <.001  §  ,** <.001 ‖ ** 
 % With high sodium (>145 mEq/L) 12.2 0 <.0001** N/A  ¶   
 Potassium     
  M  ( SD ) 4.6 (0.4) 4.2 (0.3) <.001  §  ** <.001 ‖ ** 
 % With low potassium ( ≤ 3.5 mEq/L) 0 2.4 .26 N/A ‖   

    Notes : N/A = not applicable. Statistically signifi cant differences in multivariate models are shaded   .  
   †        Pearson chi-square test unless specifi ed otherwise.  
   ‡        Using logistic regression models unless specifi ed otherwise.  
   §        Using Student ’ s  t  test.  
  ‖       Using linear regression model.  
  ¶       Logistic regression cannot be performed due to a cell frequency with 0.  
  *Signifi cant at  p  < .05, **signifi cant at  p  < .01.   

reported them as a categorical variable using the established 
cut-point in addition to means. 

 Contrary to our hypothesis, we found various differences 
between the two groups of the relatively healthy cognitively 
intact elderly participants aged 85 years and older. Fifteen 
percent of the Oregon group were obese, whereas only 2% 
of the Okinawan group were obese ( p  = .03, controlling for 
age and sex) using the World Health Organization standard 
classifi cation for obesity of body mass index (BMI)  ≥ 30 
( 26 ) ( Table 1 ). Although the World Health Organization 
BMI cutoff points have been suggested to be used as an in-
ternational standard for classifi cation of obesity ( 27 ), World 
Health Organization has also acknowledged that Asians 
generally have higher body fat percentage compared with 
Caucasians and experience elevated risks at lower levels of 
BMI and have further recommended BMI cutoff points of 

23 (moderate to high risk) and 27.5 (high to very high risk) 
for Asians instead of 25 and 30 for Caucasians, respectively. 
However, Asian countries (such as Japan) often adopt their 
own country-specifi c standards as well. If we use the very 
strict country-specifi c classifi cation adopted by Japan (BMI 
 ≥ 25) ( 28 ), then the percentage of participants from Oki-
nawa with obesity would increase to 30.6%. The self-
reported usage of vitamin supplements was much lower in 
Okinawa ( Table 1 ). Both study groups had a high proportion 
of those with hypertension ( Table 2 ). None of the Oregon 
elders had high sodium concentrations (>145 mEq/L), 
whereas 12% of the Okinawan elders had this profi le ( p  < 
.001). On the other hand, none of the Okinawan elders had 
low potassium ( ≤ 3.5 mEq/L), whereas 2% of the Oregon el-
ders had that profi le with a statistically signifi cant difference 
( p  < .001).         

 Table 3.        Comparisons of Circulating Homocysteine, Folate, and Vitamin B 12  Between Okinawa and Oregon Cohorts  

  Okinawa ( N  = 49) Oregon ( n  = 115) Univariate Analysis  †  ,  p  Value Controlling for Age and Sex  ‡  ,  p  Value  

  Homocysteine 
     M  ( SD ) 12.0 (4.7) 11.5 (3.5) .96 § .34  ‖   
 % With hyperhomocysteinemia 
   (plasma homocysteine >14  m mol/L)

32.6 19.6 .06 .05* 

 Folate (ng/mL) 
     M  ( SD ) 7.3 (4.3) 28.1 (12.0) <.001 § ** <.001    ** 
     Range 2.1 – 31.8 8.5 – 71.6    
 Vitamin B 12  (pg/mL) 
     M  ( SD ) 745.3 (953.9) 553.0 (390.7) .91 ¶ .56  ‖    #   
     Median (range) 471.0 (171.0 – 4728.0) 449.0 (155.0 – 3212.0)  

    Notes : Statistically signifi cant differences in multivariate models are shaded.  
   †        Pearson chi-square test unless specifi ed otherwise.  
   ‡        Using logistic regression models unless specifi ed otherwise.  
  §       Using Student ’ s  t  test.  
   ‖        Using linear regression model.  
  ¶       Wilcoxon rank sum test.  
   #        Outcome is the log-transformed B 12  values (natural logs of the original value) for normalization.  
  *Signifi cant at  p  < .05, **signifi cant at  p  < .01.   
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 Folate levels were much higher in the Oregon cohort than 
in the Okinawa cohort ( p  < .001), and the proportion of 
those with hyperhomocysteinemia was higher in the Oki-
nawa cohort ( p  = .05) after controlling for age and sex 
( Table 3 ), although the latter fi nding would not be signifi -
cant if correcting for multiple testing. Among E vitamins, 
 a -tocopherol levels were similar between the two cohorts, 
with or without adjustments of total cholesterol or triglycer-
ides ( Table 4 ). However, the Oregon group had higher lev-
els of  g -tocopherol ( p  < .001). After adjusting for total 
cholesterol and triglycerides, the difference in  g -tocopherol 
remained signifi cant ( p  < .001 for both outcomes).         

 We conducted a post hoc analysis. We examined whether 
homocysteine was associated with folate and B 12 . The linear 
regression models were run with homocysteine levels being 
dependent variables and age, sex, folate, and serum B 12  being 
covariates. Folate (coeffi cient =  − .32,  p  = .04) and B 12  (coeffi -
cient =  − .001,  p  = .04) in the Okinawa cohort were negatively 
associated with homocysteine levels, but age and sex were not. 
In contrast, in the Oregon cohort, folate (coeffi cient =  − .02,  p  = 
.39) and B 12  (coeffi cient =  − .001,  p  = .10) were not associated 
with homocysteine levels, but age was signifi cantly associated 
with the level of homocysteine (coeffi cient = .33,  p  = .04).   

 D iscussion  
 To our knowledge, this is the fi rst study that has com-

pared the levels of micronutrients among the oldest old with 
intact cognitive function (CDR = 0) cross – culturally. Con-
trary to our hypothesis, major differences were found in 
their circulating micronutrient levels. 

 The Oregon elders had much higher folate levels. This is 
likely due to the fact that it is mandatory in the United States 
to fortify cereals and fl our with folate. According to recent 
National Health and Nutrition Examination Survey results 
( 29 ), red blood cell folate and serum folate levels among the 
U.S. population signifi cantly increased after mandatory fo-
late fortifi cation in 1998. Serum folate levels increased with 
age among those aged 12 years and older according to Na-
tional Health and Nutrition Examination Survey data ( 29 ). 
The serum folate level of the Oregon elders examined in the 
current study was higher than those aged 60 years and older 
reported by National Health and Nutrition Examination 
Survey, probably due to the age of our cohort and their rela-
tively high educational levels. The latter could result in bet-
ter dietary habits with adequate micronutrients and a higher 
rate of supplementation. 

 Is such a high blood folate level among the Oregon co-
hort a positive health factor? A recent interventional study 
found that high serum folate increased risk for cancer and 
all-cause mortality in ischemic cardiac disease patients 
( 30 ). The increase in mortality was mainly due to cancer, 
but the putative mechanism(s) are not known. With regard 
to cognitive outcomes, the  Cochrane Database of System-
atic Reviews  on the association between folate supplemen-
tation and cognitive functions are inconclusive ( 31 ). One 
study showed that those with low serum vitamin B 12  status 
(<148 pmol/L) and high serum folate concentrations (>59 
nmol/L) were at higher risk of cognitive impairment com-
pared with those with low vitamin B 12 , but with normal 
serum folate concentrations ( 32 ). Also, a faster rate 
of cognitive decline was found among those with folate 

 Table 4.        Comparisons of Serum  a - and  g -Tocopherols Between Okinawa and Oregon Cohorts  

  Okinawa ( N  = 49) Oregon ( n  = 115) Univariate Analysis,  p  Value Controlling for Age and Sex,  p  Value  

   a -Tocopherol ( m mol/L) 
     M  ( SD ) 32.9 (13.6) 35.3 (17.7) .41  †  .14  ‡   
     Range 17.1 – 87.0 8.7 – 97.9 
  a -Tocopherol/total cholesterol ( m mol/mmol) 
     M  ( SD ) 6.1 (1.9) 6.7 (3.2) .15  †  .15  ‡   
     Range 3.5 – 13.8 2.1 – 16.4 
  a -Tocopherol/triglyceride ( m mol/mmol) 
     M  ( SD ) 34.2 (17.6) 31.4 (27.1) .44  †  .48  ‡   
     Range 10.9 – 104.6 5.4 – 168.2 
  g -Tocopherols ( m mol/L) 
     M  ( SD ) 1.61 (0.65) 4.09 (2.52) <.001  †  ** <.001  ‡  ** 
     Range 0.74 – 4.52 0.68 – 13.49 
  g -Tocopherol/total cholesterol ( m mol/mmol) 
     M  ( SD ) 0.3 (0.10) 0.8 (0.46) <.001  †  ** <.001  ‡  ** 
     Range 0.1 – 0.8 0.2 – 2.9 
  g -Tocopherol/triglyceride ( m mol/mmol) 
     M  ( SD ) 1.7 (0.9) 3.3 (2.6) <.001  †  ** <.001  ‡  ** 
     Range 0.4 – 6.0 0.4 – 17.3 
  a -Tocopherol/ g -tocopherol 
     M  ( SD ) 23.5 (15.7) 13.6 (11.2) <.001  †  ** <.001  ‡  **  

    Notes : Statistically signifi cant differences in multivariate models are shaded.  
   †        Using Student ’ s  t  test.  
   ‡        Using linear regression model   .  
  **Signifi cant at  p  < .01.   
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intakes exceeding 400  m g/day compared with those with 
lower intakes ( 33 ). The Oregon cohort had high serum B 12  
(ranging from 155 to 3212 pg/mL; ie, 114 – 2369 pmol/L). 
Only six participants (5.2%) had a value lower than 148 
pmol/L, with none having lower than the critical defi ciency 
threshold of 111 pmol/L. By these criteria, there does not 
appear to be an increased risk among the Oregon cohort in 
the current study. However, considering that the consump-
tion of folate is high in the United States due to fortifi ca-
tion and personal use of supplements, it may be prudent to 
establish guidelines for the oldest old regarding the aver-
age intake of vitamin B 12  and folate because elderly per-
sons tend to lose intrinsic factors in the digestive system 
and often lack the acidity to properly absorb B 12  ( 34 ). The 
proportion of those with hyperhomocysteinemia was lower 
among the Oregon cohort compared with the Okinawa co-
hort, possibly due to high folate intake in the United States. 
If Okinawa elders could increase their folate intake, their 
homocysteine levels may decrease, as indicated by our 
post hoc analysis. 

 Vitamin E also differed between Okinawans and Orego-
nians. Serum  g -tocopherol levels were signifi cantly higher 
in Oregonians, even after adjustment for total cholesterol 
and/or triglycerides. Gamma-tocopherol is the major form 
of vitamin E in the U.S. diet and its antioxidative and 
anti-infl ammatory properties beyond those found in  a -
tocopherol have been receiving attention recently ( 35 ). Ford 
and coworkers ( 36 ) studied the distribution of  a - and  g -
tocopherol levels among the U.S. population using data 
from the National Health and Nutrition Examination Sur-
vey. In Ford ’ s study, the mean  a - and  g -tocopherol levels 
and those adjusted by total cholesterol among those aged 70 
years and older, respectively, were 35.0 ( a ), 6.5 ( a /total 
cholesterol), 4.2 ( g ), and 0.8 ( g /total cholesterol). In our 
Oregon cohort, the comparable fi gures were 35.3, 6.7, 4.1, 
and 0.8, respectively, similar to the Ford study, but signifi -
cantly higher than those found among the Okinawan group. 
Foods high in  g -tocopherol include hydrogenated corn and 
soybean oils; ingredients often included in processed foods, 
such as commercially baked goods (doughnut and other 
pastries, cookies, and crackers), deep-fried foods. snack 
foods such as potato chips, and some margarines. Morris 
and coworkers ( 37 ) found that higher consumption of  g -
tocopherol was associated with unhealthy dietary behaviors, 
including higher intakes of saturated and trans fats. In their 
population-based Italian cohort study, Ravaglia and cowork-
ers ( 38 ) showed that the benefi cial effect of  g -tocopherol 
against dementia incidence was evident only in the middle 
tertile of  g -tocopherol. One of the potential explanations of 
this fi nding suggested by the authors is a poor diet possibly 
associated with high  g -tocopherol in the upper tertile. It is 
also possible that the high proportion of obesity observed in 
the Oregon cohort of oldest old could be partly due to a high 
consumption of processed foods that are convenient, highly 
available, and require little preparation. 

 Morris and coworkers ( 7 ) found that high intake of vita-
min E from food, but not from supplements, was inversely 
associated with AD incidence. One explanation of this fi nd-
ing is that several tocopherol forms rather than  a -tocopherol 
alone may be necessary for vitamin E to have a protec-
tive effect on cognitive health ( 37 ). The much lower  g -
tocopherol levels found in the Okinawan cohort suggests 
that high serum levels of  g -tocopherol might not be neces-
sary to achieve healthy cognitive aging. A controlled inter-
vention study with  g -tocopherol would be required in 
order to more closely examine the effect of  g -tocopherol 
on cognitive health. 

 Finally, Oregon elders had a higher proportion of over-
weight and obese individuals based on the World Health 
Organization international standard classifi cation. Obesity, 
especially midlife obesity, has been shown to have detri-
mental effects on cognitive health, along with higher risk of 
diabetes, a risk factor for not only vascular dementia but 
also for AD ( 39 , 40 ). On the other hand, distinguishing 
midlife and late-life obesity, one study ( 41 ) in the United 
States found that late-life underweight (BMI <20) increased 
risk of dementia over 5 years of follow-up, whereas being 
overweight (BMI 25.0 – 29.9) was not associated with an in-
creased risk, and being obese (BMI  ≥ 30) actually  “ reduced ”  
the risk of dementia compared with having normal BMI in 
late life. Coinciding with this fi nding, a recent study based 
on Australian cohorts showed that for elders who had sur-
vived to the age of 70, mortality risk was lowest in those 
with a BMI classifi ed as overweight over a 10-year period 
compared with those with normal weight or the obese par-
ticipants ( 42 ). They suggested that current BMI require-
ments might be too strict for seniors. It would be interesting 
to explore whether those overweight in the cohorts exam-
ined here actually survive longer with intact cognition com-
pared with those of normal weight. Further follow-up would 
be required to examine this issue. 

 Our study strengths include the fact that we compared 
the micronutrient levels of rare survivors among the elders 
(oldest old with CDR = 0), a rarely studied group with re-
gard to micronutrient analysis. Additionally, within-cultural 
comparisons (eg, examining whether or not a specifi c mi-
cronutrient is associated with cognitive well-being  “ within ”  
one culture or cohort) could suffer from the potential ceiling 
effects of a specifi c micronutrient. That is, if the majority of 
the cohort members have high or low levels of specifi c mi-
cronutrients, we might not be able to fi nd a signifi cant as-
sociation between that nutrient and health due to the lack of 
variability in a within-cohort study. Cross-cultural compari-
sons of the absolute levels of micronutrients are useful in 
that they have the potential to shed light upon areas that 
within-cultural studies may not. Our study limitations 
include small sample size, especially for the Okinawan 
cohort. Even though we used similar inclusion criteria be-
tween the two cohorts, and both groups are healthy volun-
teers, the study fi ndings may not be completely free from 



DODGE ET AL.1066

sample selection bias. Vitamin supplementations were 
based on self-report in Okinawa, which could suffer from 
reporting errors. The potential effect of medications on 
micronutrients were reported, including a long-term use of 
proton pump inhibitors being associated with B 12  defi ciency 
and elevated homocysteine ( 43 , 44 ) and drug-induced 
hypokalemmia ( 45 ). We believe that the effect of medica-
tions among relatively healthy volunteers examined in this 
study is not substantial, but further studies are required to 
confi rm this notion. Oregon micronutrient analyses were 
conducted using aliquots stored for more than 8 years. Pre-
vious studies have confi rmed the stability of serum and 
plasma  a -tocopherol stored up to 15 years ( 46 , 47 ). Other 
studies have confi rmed that vitamin B 12  and homocysteine 
are stable for more than 29 years of storage ( 48 ). Folate has 
been shown to degrade after 17 years of storage and appears 
stable for up to 6 years ( 48 ). We may have underestimated 
the true difference in serum folate between our two cohorts 
because we cannot confi rm that some folate degradation 
may have occurred in the Oregon samples as a consequence 
of storage duration in that cohort. Finally, this is a cross-
sectional pilot study; although we excluded those with CDR 
 ≥ 0.5, dementia-related pathology is known to start a decade 
or more before neurological symptoms become apparent. 
Therefore, reverse causation is also a possibility. 

 In sum, contrary to our hypothesis, there was no discern-
able protective micronutrient pattern. The Okinawan elders 
had lower folate and  g -tocopherol and a borderline higher 
proportion with hyperhomocysteinemia. The optimal life-
style leading to healthy cognitive aging could consist of 
various components such as healthy diet, high physical ac-
tivity, and social engagement, among other factors. Each 
component ’ s effect on overall cognitive health could vary 
and there could also be interaction effects among the com-
ponents as shown in the study by Scarmeas and coworkers 
( 49 ) and/or or gene – environment interactions. The oldest 
old examined here likely achieved healthy cognitive aging 
due to various factors and the interactions of these factors 
over the life course. Some factors may include shared ge-
netic traits among families ( 50 ), whereas others may have 
unique social, historical, and epidemiological contexts, such 
as the population-wide experience of long-term caloric re-
striction among the Okinawans ( 51 ) and the potential as-
sociated physiological benefi ts ( 52 ). Some detrimental 
effects could be compensated for by protective factors. This 
means that there may potentially be many patterns that al-
low elders to survive with intact cognition, and we need to 
study the lifestyle  “ package ”  leading to healthy cognitive 
aging. Alternatively, we could explore the most effective 
means to sustain cognitive health within each component 
(nutrition, social engagement, physical activities, etc.) and 
recommend the best approach hoping that the interaction 
would yield combined and better outcomes. The results pre-
sented here are based on a pilot study. Follow-up of the cur-
rent cohorts examined here and further cross-national 

comparisons of circulating micronutrients and other life-
style factors could help clarify the lifestyle package leading 
to healthy cognitive aging.   
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