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ABSTRACT

Background: In some prospective studies, associations of serum vitamin B12 and homocysteine
concentrations with cognitive decline have been reported but few have examined the role of
methylmalonic acid, a more specific marker of vitamin B12 deficiency than homocysteine.

Objective: The aim of the study was to determine whether serum concentrations of vitamin B12 or
selected metabolites are related to cognitive decline.

Methods: A total of 516 subjects were selected in a stratified random sampling design from
among Chicago Health and Aging Project participants for clinical evaluation. We used linear mixed
models to examine the association of blood markers of vitamin B12 status to change in cognitive
scores over 6 years. Cognitive function was assessed every 3 years and measured as the sum of
standardized scores on four tests.

Results: Probable vitamin B12 deficiency was observed in 14.2% of the sample. Elevated serum
concentrations of homocysteine were present in 19.2% of subjects, and of methylmalonic acid, in
36.4%. Higher serum methylmalonic acid concentrations were predictive of faster rates of cog-
nitive decline (� � �0.00016, SE � 0.0001, p � 0.004) and higher serum vitamin B12 concen-
trations were associated with slower rates of cognitive decline (� � �0.00013, SE � 0.0001,
p � 0.005) in multivariable adjusted mixed models. Serum concentrations of homocysteine had
no relationship to cognitive decline.

Conclusions: Serum methylmalonic acid and vitamin B12 concentrations may be the more impor-
tant risk factors for cognitive decline when compared to serum homocysteine concentrations,
particularly in older populations exposed to food fortification and possible supplements contain-
ing folic acid. Neurology® 2009;72:361–367

GLOSSARY
CHAP � Chicago Health and Aging Project; CI � confidence interval; FFQ � food frequency questionnaire; NHANES �
National Health and Nutrition Examination Survey; OR � odds ratio.

Since the mandatory folic acid fortification of all grain products in the United States, the
number of persons with elevated serum folate concentrations (�45.3 nmol/L) increased from
approximately 7% prior to fortification to 38% postfortification.1 The significance of elevated
folate concentrations is not clearly understood, but concern about adverse effects of high folic
acid intake on neurologic function in people with undiagnosed vitamin B12 deficiency has
delayed mandatory fortification in the United Kingdom.2 In a sample of older subjects from
the 1999–2002 National Health and Nutrition Examination Survey (NHANES),3 those with
low vitamin B12 status and elevated serum folate concentrations (�59 nmol/L) were more
likely to manifest impaired cognitive performance than those with low vitamin B12 status but
normal serum folate concentrations (�59 nmol/L).

Supplemental data at
www.neurology.org

Address correspondence to Dr.
Christine C. Tangney,
Department of Clinical Nutrition
425 TOB, 1700 West Van Buren
St., Chicago, IL 60612
ctangney@rush.edu

From the Department of Clinical Nutrition (C.C.T.), Rush Institute for Healthy Aging (Y.T., D.A.E., M.C.M.), Department of Internal Medicine
(M.C.M.), Department of Preventive Medicine (D.A.E., M.C.M.), Rush Alzheimer’s Disease Center (D.A.E.), Rush University Medical Center,
Chicago, IL. Y.T. is currently affiliated with the Program for Appropriate Technology in Health (PATH), Seattle, WA.

Supported by grants (AG11101 and AG13170) from the National Institute on Aging.

Disclosure: The authors report no disclosures.

Copyright © 2009 by AAN Enterprises, Inc. 361



Previously, in the Chicago Health and Ag-
ing Project (CHAP), we reported greater cog-
nitive decline in persons with folate intakes
exceeding 400 �g per day compared to those
with lower intakes.4 Biochemical markers for
vitamin status were not measured. While the
relationship of elevated homocysteine con-
centrations on cognitive changes has been
examined,5-7 there is limited information on
other vitamin markers such as serum methyl-
malonic acid. Thus, in an effort to further un-
derstand the complex relationships between
vitamin B12 and folate and age-related cogni-
tive decline, we examined whether biochemi-
cal indicators of vitamin B12 (serum vitamin
B12, methylmalonic acid, homocysteine) and
folate (serum homocysteine) insufficiency
were associated with cognitive decline.

METHODS Study population. Study subjects were partic-
ipants in CHAP, an ongoing cohort study of older residents on
the south side of Chicago. Exactly 6,158 participated in in-home
interviews that included four cognitive tests (79% participation
overall; 81% among black subjects, 75% among white subjects).
Follow-up interviews including cognitive assessments were con-
ducted in 3-year cycles on all participants (figure). Stratified ran-
dom samples from the study population were drawn at each

cycle for clinical neurologic evaluations during which phleboto-
mies were performed.8 For the present study, biochemical analy-
ses were performed on nonfasting bloods drawn from clinically
evaluated participants at cycle 2 (1996–1999), and related to
cognitive changes from cycle 2 to cycle 4. As shown in the figure,
of the 842 participants clinically evaluated at cycle 2, 516 had
cognitive assessments at cycle 3 or at cycle 4 or both. Serum
vitamin B12 was measured immediately following the partici-
pant’s clinical evaluation because this measurement was part of a
routine diagnostic panel. All other vitamin B12 metabolites were
analyzed from additional aliquots of blood that had been frozen
for a period of 7–10 years. By chance, 174 of these were also
selected for the cycle 3 clinical evaluation sample. Cycle 3 blood
samples were analyzed for vitamin B12 metabolites to examine
the change in metabolite concentrations in relation to changes in
cognitive function. This study was approved by the Institutional
Review Board of Rush University Medical Center; all partici-
pants gave written informed consent.

Biochemical analyses. Bloods were drawn into red top Vacu-
tainers, placed on ice, and centrifuged within 2 hours of phlebot-
omy. Sera was partitioned into aliquots and frozen at �80ºC.
Aliquots were sent to the Metabolite Labs at the University of
Colorado Health Sciences Center (Denver, CO) for analysis of
homocysteine, methylmalonic acid, 2-methylcitric acid, and cys-
tathionine. These metabolites were assayed as described
previously by stable-isotope dilution and capillary gas
chromatography-mass spectrometry.9-11 Intra-assay and interas-
say CVs for these metabolites averaged 2% and 5%, respectively
(private communication, Dr. Sally Stabler). Serum creatinine
measurements were performed by Rush University Medical Lab-
oratories. Because homocysteine and methylmalonic acid are el-
evated when there is renal failure,9 adjustment for creatinine was
included in all models to account for possible confounding. Vi-
tamin B12 determinations were performed by automated com-
petitive displacement immunoassay (Quest Laboratories,
Wooddale, IL).

Cognitive function assessment. The population interviews
included administration of four cognitive tests during in-home
interviews at each cycle. Tests included the East Boston tests of
immediate and delayed recall,12 the Mini-Mental State Examina-
tion,13 and the Symbol Digit Modalities Test.14 Scores on each
were expressed as z-scores and averaged for a global measure of
cognitive function that was approximately normally distributed,
and reduced the floor and ceiling effects and other measurement
errors of the individual tests.

Other covariates. Gender and race were obtained at the time
of the census and verified at the baseline population interview.
Race was determined by questions and categories of the 1990 US
census. Information on non-dietary variables was collected at
participants’ baseline interview. Age was computed from self-
reported birth date and date of baseline cognitive assessment.
Education was computed from self-reported highest grade or
years of formal education. A composite score reflecting the mean
frequency of participation in seven cognitive activities was also
constructed as described previously.15 Questions on cigarette
smoking allowed for the computation of an indicator variable
(never, former, or current smoker). Daily consumption of alco-
hol (grams per day) was based on three questions about usual
consumption during the past year of beer, wine, and liquor. Di-
etary intakes of vitamin B12, folate, and other components were
measured by a modified Willett food frequency questionnaire
(FFQ).16 All dietary variables were energy-adjusted using the re-

Figure Timeline and protocol of selected samples from Chicago Health and
Aging Project subjects at cycle 2, cycle 3, and cycle 4

At cycle 2, a random sample is obtained for clinical evaluations at which time bloods were
drawn. Of the 666 cycle 2 participants with frozen sera and cognitive assessments, there
were 516 subjects at cycle 2 for whom bloods were available as well as additional cognitive
testing at cycles 3 or cycle 4 or both cycles. There were also 174 subjects with bloods that
were available at both cycle 2 and cycle 3 or 174 pairs.
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gression residual method.17 FFQs were obtained on all subjects at
cycle 2—a median of 7 months before bloods were drawn.

Statistical analyses. Possible sample bias between the inci-
dent sample drawn (n � 842) and the sample with available
bloods and repeated cognitive testing over the 6-year period
(n � 516) was examined by comparing characteristics of partici-
pants of both samples using �2 and Wilcoxon rank sum test as
appropriate. Similar difference tests were also conducted be-
tween those identified as probably deficient and those adequate
with respect to vitamin B12. Pearson correlation tests were used
to examine associations between biochemical markers of vitamin
B12 status, age, and nutrient intake.

Our primary analyses were designed to estimate the effect of
biochemical markers for vitamin B12 and folate on within-
person rate of change in cognitive score using mixed-effects
models.18 The adjusted model for change included terms for age
(years), sex, race, education (years), participation in cognitive
activities and serum creatinine concentrations, and the interac-
tion between time and each covariate (basic model). Additional
adjustment for dietary and lifestyle factors included energy-
adjusted intakes of saturated fat, trans unsaturated fat, food vita-

min E, total vitamin C, food niacin and fish intakes, smoking
status, and alcohol use (multiple-adjusted model). The selection
of dietary covariates is based on previous CHAP studies.19-21 The
interaction terms with time represent the effects of the variables
on the rate of change in cognitive score. Because a large portion
of the sample was not included in the analyses, models were not
weighted for the stratified random sampling design.

Secondary analyses were performed on 174 sample partici-
pants who had biochemical measurements at both cycle 2 and
cycle 3. We used a linear regression model in which global cog-
nitive score at cycle 3 was regressed on a dichotomous variable
for homocysteine increase, baseline global cognitive scores, and
the basic model variables.

RESULTS There were no significant differences in
demographic, biochemical, and lifestyle characteris-
tics between the full and analyzed samples (table 1).
The analyzed sample comprised nearly 60% women,
45% black, with an average age of 80 years. Renal
impairment was evident for 14% of incident sample
participants as indicated by elevated serum creatinine
concentrations. Exactly 19.2% of the analyzed sam-
ple had elevated homocysteine values (�13.9
�mol/L) and 36.4% had elevated methylmalonic
acid concentrations (�271 nmol/L).

Only 1% of participants met the criteria for
definite vitamin B12 deficiency (serum vitamin
B12 �148 pmol/L, methylmalonic acid concentrat-
ions �271 nmol/L, and methylmalonic acid �
2-methylcitric acid).9-11 Probable vitamin B12 defi-
ciency was observed for 14.2% of the sample (table 2,
table e-1 on the Neurology® Web site at www.
neurology.org). Those probably deficient were more
likely white (p � 0.002), and consumed lower
amounts of total vitamin C, total folate, total vitamin
B12 as well as less fish per week. Global cognitive
scores did not differ between the groups, but serum
concentrations of homocysteine (p � 0.0001) and
methylmalonic acid (p � 0.0001) were higher
among the probably deficient group.

Serum vitamin B12 was correlated with serum ho-
mocysteine (r � �0.33, p � 0.0001) and methylma-
lonic acid (r � �0.23, p � 0.0001), but not with age
(r � 0.001, p � 0.97). Serum methylmalonic acid
and homocysteine concentrations were correlated
with age (r � 0.27, p � 0.0001, and r � 0.09, p �
0.042, respectively). Serum homocysteine concentra-
tions were associated with energy-adjusted intakes of
total vitamin B12 (r � �0.12, p � 0.01) and of total
folate (r � �0.13, p � 0.01). Serum vitamin B12

values were correlated with total intakes of vitamin
B12 and of folate (both r � 0.17, p � 0.0001).

In the mixed effects models to examine the associ-
ations of each biochemical marker with cognition
separately, only serum methylmalonic acid was asso-
ciated with global cognitive scores cross-sectionally
in basic (� � �0.00033, SE � 0.0002, p � 0.03)

Table 1 Characteristics (unadjusted) of the total sample of Chicago Health
and Aging Project subjects, 1997–2000, in contrast to the
analyzed sample

Characteristics Total sample, n � 842 Analyzed sample, n � 516

Proportion female 58.0 59.9

Age, y* 80 � 6 [69, 98] 80 � 6 [69, 98]

Proportion black 44.5 45.3

Education (y)† 12.8 � 3.5 12.8 � 3.5

Proportion with education of 12� y 72.9 72.7

Proportion currently smoking 10.0 10.3

Proportion with elevated serum
creatinine concentrations‡

15.0 14.5

Proportion with anemia§ 24.1 23.3

Global cognitive score† 0.13 � 0.64 [0.20] 0.18 � 0.65 [0.24]

Mini-Mental State Examination
score†

26.5 � 3.6 [27] 26.7 � 3.7 [28]

Cognitive Activity Index† 3.1 � 0.6 [3.1] 3.1 � 0.7 [3.1]

Reported supplement user (%)

Folate 34.8 33.0

Vitamin B12 36.5 34.7

Multivitamins 37.1 36.3

Serum measures (mean � SD)
[median]¶

Vitamin B12 (pg/mL)† 462.1 � 177.4 [428.5] 456.0 � 171.6 [428.5]

Homocysteine (�mol/L)† 11.8 � 4.8 [10.6] 11.5 � 4.8 [10.5]

Methylmalonic acid (nmol/L)† 294.5 � 186.9 [244.5] 279.2 � 173.4 [237.5]

Cystathionine (nmol/L)† 316.2 � 318.9 [247.0] 299.1 � 327.8 [240.0]

2-Methylcitric acid (nmol/L)† 220.3 � 108.9 [199.0] 209.9 � 92.6 [194.5]

*Values reflect means � SD (minimum, maximum).
†Values reflect means � SD [medians].
‡Elevated creatinine concentrations were defined as �133 �mol/L for men and �115
�mol/L for women.
§Anemia defined by hemoglobin less than 13 g/dL for men and less than 12 g/dL women.
¶For incident sample, bloods for 666 subjects were available for analyses out of the 842
possible subjects.
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and multiple adjusted models (� � �0.00036, SE �
0.0001, p � 0.01) (table 3). Over the 6-year interval,
higher concentrations of serum vitamin B12 were as-
sociated with slower rates of decline (� � �0.00011,
SE � 0.0001, p � 0.01), and higher concentrations
of methylmalonic acid were associated with faster
rates of cognitive decline (� � �0.00017, SE �
0.0001, p � 0.002) in basic models. Estimates of
effect did not change materially with further adjust-
ment for smoking, alcohol use, or intakes of fats, fish,
and vitamins E and C and niacin. Circulating con-
centrations of homocysteine, 2-methylcitric acid, or
cystathionine were not predictive of cognitive change
in basic or multiple adjusted models. When all three
biomarkers were incorporated in the models simulta-
neously, serum methylmalonic acid remained predic-
tive of cognitive decline for the basic model (� �
�0.000149, SE � 0.0001, p � 0.01) and for the

fully adjusted model (� � �0.000136, SE �

0.0001, p � 0.03). Serum vitamin B12 was not sig-
nificantly associated with cognitive change in the
basic model (� � �0.000078, SE � 0.0001, p �

0.12), but with adjustment for additional confounding
factors, the effect estimate increased substantially and
attained statistical significance (� � �0.000103, SE �

0.0001, p � 0.04).
In further analyses of methylmalonic acid and

cognitive decline, we observed effect modification by
sex (� � �0.000259, SE � 0.0001, p � 0.01), but
not by age (� � �0.000012, SE � 0.0001, p �

0.14) or race (� � �0.000061, SE � 0.0001, p �

0.61). When stratified by sex, the inverse estimate of
the relation between methylmalonic acid concentra-
tions and cognitive decline was of stronger magni-
tude among CHAP men (� � �0.00030, SE �

0.0001, p � 0.0002) as compared with CHAP
women (� � �0.00006, SE � 0.0001, p � 0.39).
There were no remarkable differences in the distribu-
tions of methylmalonic acid concentrations of men
in contrast to those for women.

We explored the possibility that cognitive decline
may result from increases in serum homocysteine
concentrations as previously reported5,6 through an
examination of the repeat biochemical markers in
174 sample participants. Nearly three quarters
(70.5%) of subjects experienced an increase in serum
homocysteine concentrations from cycle 2 to cycle 3;
all increases exceeded 3 �mol/L. However, there was
no association between the indicator variable for in-
creased serum homocysteine concentration from cy-
cle 2 to cycle 3 and cycle 3 cognitive score (� �

�0.08, SE � 0.08, p � 0.36) in the basic model.

DISCUSSION In this biracial study of older adults,
higher serum concentrations of vitamin B12 were as-
sociated with a slower rate of cognitive decline and
higher concentrations of methylmalonic acid were
associated with a faster rate over a 6-year interval (ta-
ble 3). Serum homocysteine concentrations were not
significantly related to cognitive change.

Inadequate vitamin B12 nutriture in the elderly
may occur with conditions (e.g., atrophic gastritis) or
drugs that reduce absorption (e.g., metformin).22

Thus, while few CHAP participants reported inade-
quate intakes of vitamin B12, 14.2% showed evi-
dence of metabolic or preclinical deficiency. There is
no widely accepted cutoff for marginal or preclinical
vitamin B12 deficiency.23,24 Use of several blood indic-
ators in addition to vitamin B12 may improve
differential diagnosis.7,9 Methylmalonic acid concentra-
tion reflects intracellular vitamin stores and exhibits
higher specificity for low vitamin B12 status than any
other metabolite including homocysteine.9 However,

Table 2 Characteristics (unadjusted) of the sample of 516 Chicago Health
and Aging Project subjects at baseline or cycle 2, 1997–2000, by
vitamin B12 status

Vitamin B12 status

Characteristics of participants Probable deficiency (n � 73)* Adequate (n � 443)

Proportion female 65.7 58.7

Age (y)† 82 � 6 [70, 98] 79 � 6 [69, 96]

Proportion black† 28.8 48.1

Education (y)‡ 13.3 � 3.7 12.8 � 3.5

Proportion with elevated
serum creatinine§

17.8 13.2

Proportion currently smoking 12.3 10.0

Proportion with anemia¶ 17.8 23.8

Global cognitive score‡ 0.18 � 0.69 [0.28] 0.18 � 0.65 [0.23]

Reported supplement
user (%)

Folate 25.0 34.5

Vitamin B12 27.4 36.1

Multivitamins 28.8 37.8

Serum measures*

Vitamin B12 (pg/mL) ‡� 264.6 � 44.9 [275.0] 487.7 � 164.1 [457.0]

Homocysteine (�mol/L)‡� 15.1 � 5.6 [13.6] 10.9 � 4.4 [10.2]

Methylmalonic acid (nmol/L)‡� 488.7 � 290.0 [385.0] 244.4 � 113.6 [224.0]

Cystathionine (nmol/L)‡ 299.3 � 131.5 [262.0] 299.6 � 350.5 [231.0]

2-Methylcitric acid (nmol/L)‡� 239.3 � 92.6 [212.0] 205.0 � 92.0 [189.0]

*Probable vitamin deficiency was defined as serum vitamin B12 concentrations �258
pmol/L, methylmalonic acid concentrations �271 nmol/L, and methylmalonic acid �

2-methylcitric acid.
†Values reflect means � SD (minimum, maximum).
‡Values reflect means � SD [medians].
§Elevated creatinine concentrations were defined as �133 �mol/L for men and �115
�mol/L for women.
¶Anemia defined by hemoglobin less than 13 g/dL for men and for women, less than 12
g/dL.
�Values are significantly different (p � 0.01) from one another based on either chi-square
test for categorical variables or Wilcoxon rank sum for other cases.

364 Neurology 72 January 27, 2009



this indicator adds considerable cost when compared to
the screening measure, serum vitamin B12.

Serum vitamin B12 concentrations have not been
consistently associated with cognitive change in pro-
spective analyses.25-29 Few groups examined cogni-
tion in relation to measures that reflect preclinical or
metabolic vitamin B12 deficiency. In a cross-sectional
UK survey of 1,000 individuals aged 75 years or
older, cognitive impairment (defined as a Mini-
Mental State Examination score �22) was more
strongly associated with holotranscobalamin, a tissue
transport protein for vitamin B12, homocysteine, and
methylmalonic acid than with serum vitamin B12.30

In a recent prospective UK study of elders in whom
three or more cognitive assessments were obtained,
both methylmalonic acid and holotranscobalamin
concentrations were predictive of cognitive decline.7

In these studies, serum vitamin B12 concentrations
were lower (mean � SD, 274 � 139 pmol/L [370 �
188 pg/mL, 2003 sample]) than those observed in
either the present CHAP incident sample (n � 842)
or subsample (n � 516) (table 1). Serum methylma-
lonic acid (390 � 390 nmol/L) and homocysteine
(16.5 � 6.2 �mol/L) concentrations in the United
Kingdom were also higher than those observed for
our CHAP subjects. In a representative post-
fortification US sample of older adults, homocys-
teine levels ranged from 8 to 10.7 �mol/L31; in two
prospective studies of older adults,28,33 values were
similar to those reported in the present study, which
spans a pre- to perifortification period.

An interaction between serum concentrations of
vitamin B12 and folate on cognitive score was ob-
served in a large cross-sectional survey of 1,302

NHANES 1999–2002 participants aged 60 years or
more.3 Those with low vitamin B12 status and high
serum folate concentrations (�59 nmol/L) were at
greater risk of cognitive impairment (odds ratio
[OR] � 2.6, 95% confidence interval [CI] 1.1–6.1)
when compared to those with low vitamin B12 status
and normal serum folate concentrations. In contrast,
among those seniors with normal vitamin B12 status,
high serum folate concentrations were associated
with less cognitive impairment (OR � 0.4, 95% CI
0.2–0.9) when compared to those with normal se-
rum folate concentrations. These findings partially
support an earlier CHAP report in which a faster rate
of cognitive decline was observed among participants
with high folate intakes (�400 �g/day) from either
supplements or food.4 In a multiple adjusted model
that included folate intakes, we observed a positive
interaction (p � 0.009) between total vitamin B12

intakes with older age on cognitive decline in
CHAP.4 Rates of cognitive decline for the average
80-year-old who consumed 20 �g per day of vitamin
B12 were 25% slower than rates of a similar 80-year-
old who consumed the recommended daily allow-
ance of 2.4 �g. For the average 70-year-old, rates of
decline did not vary with such widely different vita-
min B12 intakes.4 In the present study, although we
measured several serum markers of vitamin B12 sta-
tus, we did not determine serum folate concentra-
tions. Thus, the interaction of serum folate
concentrations with biochemical indicators of vita-
min B12 deficiency on cognitive function/decline
could not be investigated.

In the present study, serum homocysteine con-
centrations were not associated with cognitive perfor-

Table 3 Estimated effects (� coefficients) of serum vitamin B12 indicators on global cognitive scores at baseline (cross-sectional) and on
rate of change in global cognitive scores over 6 years based on adjusted mixed models among 516 sample participants of the
Chicago Health and Aging Project*†

Cross-sectional associations Cognitive change

Serum
indicators

All (n � 516),
basic model,‡
� (SE); p value

All (n � 498),
multiple adjusted,§

� (SE); p value

All (n � 516),
basic model,‡
� (SE); p value

All (n � 498),
multiple adjusted,§

� (SE); p value

Vitamin B12
(pg/mL)

�0.00016 (0.0001); 0.26 �0.00009 (0.0001); 0.49 �0.00011 (0.00001); 0.01 �0.00013 (�0.0001); 0.005

Homocysteine (�mol/L) �0.011 (0.0065); 0.09 �0.010 (0.0063); 0.12 �0.00125 (0.0036); 0.73 �0.00188 (0.0036); 0.60

Methylmalonic acid (nmol/L ) �0.00033 (0.0002); 0.03 �0.00036 (0.0001); 0.01 �0.00017 (0.0001); 0.002 �0.00016 (0.0001); 0.004

2-Methylcitric
acid (nmol/L)

�0.00008 (0.0004); 0.83 �0.00020 (0.0004); 0.60 �0.000017 (0.0001); 0.90 �0.000021 (0.0001); 0.88

Cystathionine (nmol/L) �0.00010 (0.0001); 0.38 �0.00011 (0.0001); 0.32 �0.000019 (�0.0001); 0.65 �0.000004 (�0.0001); 0.93

*Values arepresented as � or regression coefficient (standard error of the mean) and the p value with each marker added separately. Values reflect the
rates of cognitive change after basic model or multiple model adjustment using linear mixed models.
†Significant modification of the association of methylmalonic acid concentrations with cognitive change by sex was observed (� � �0.000259, SE �

0.0001, p � 0.01).
‡Basic model includes age, sex, race, education, frequency of cognitive activities, and serum creatinine concentrations.
§Multiple adjusted model includes the basic model components and smoking, alcohol use, calorie adjusted intakes of saturated fat (g/day), trans unsatur-
ated fat intake (g/day), vitamin E in food (mg/day), niacin in food (mg/day), total vitamin C (mg/day), and fish intake (times/week).
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mance or with cognitive decline. Nor did CHAP
participants with increases in serum homocysteine
concentrations over a 3-year period manifest signifi-
cant cognitive decline. An association may not have
been observed because subjects may have had ade-
quate folate status but confirmation by measure-
ments of serum or erythrocyte folate concentrations
is needed. Serum homocysteine concentrations were
not predictive of cognitive decline among the Leiden
85-Plus study participants26 nor the 70- to 79-year-
old MacArthur Studies of Successful Aging partici-
pants.28 Elevated homocysteine concentrations were
associated with declines among Framingham study
participants but at a time prior to mandatory folic
fortification,6 in select cognitive domains of French
older persons33 and among aging male veterans.29

Among Mexican American seniors from 1997 to
1999, homocysteine concentrations were associated
with greater risk of dementia and cognitive impair-
ment, but this was modified by serum vitamin B12

concentrations; rates of decline were greater for those
with lower vitamin B12 concentrations (�340 pg/
mL) (HR � 1.61, p for interaction � 0.04) as com-
pared to those with higher concentrations (�340
pg/mL but �498 pg/mL).32

Clinical trial evidence supportive of a role for ho-
mocysteine and cognitive decline is still equivocal.
Most trials were performed where folate fortification
has not been mandated, and in subjects with ade-
quate serum vitamin B12 concentrations.34-36 In
many, the intervention was a combination of B vita-
mins. In the longest trial (3 years), a large sample and
a single vitamin intervention (800 �g folic acid
daily), folate supplements significantly improved
memory, information processing speed, and sensori-
motor speed among Dutch adults.34

Although some cross-sectional evidence exists for a
methylmalonic acid and cognition association,30,37-40 to
our knowledge, there is limited study of its relation to
cognitive decline. In the Oxford Healthy Aging Project,
greater cognitive decline (over 10 years) was associated
with lower holotranscobalamin and higher methylma-
lonic acid concentrations after adjustment for a number
of vitamin markers.7 In our study, we observed a similar
relationship—cognitive decline remained significantly
associated with serum concentrations of methylmalonic
and vitamin B12 after adjustment for vitamin markers.
Thus, there is evidence for subtle vitamin B12 deficiency
in two large prospective cohorts of elders in whom dele-
terious changes in cognition were related to sensitive
markers for vitamin B12 inadequacy.

Strengths of the present study include the pro-
spective design, a biracial community sample, and
use of a number of biochemical indicators of B vita-
min status and of multiple tests to measure cognitive

function. Moreover, the present analyses were ad-
justed for many dietary and lifestyle confounders. As
stated previously, a limitation of the present study is
the lack of serum folate determinations. Because of
the observational study design, we must caution
against a causal interpretation of findings. Further
study of these complex interrelationships between vi-
tamin B12, folate, and cognitive changes is war-
ranted, but multiple biochemical indices of folate
and vitamin B12 should be determined. Greater at-
tention must be paid to plausibility of subtle vitamin
B12 deficiency among our senior citizens, especially
when higher folate intakes are possible.
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