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Objectives: 1) To compare serum vitamin B12, C and folate concentrations in a randomly selected sample
of elderly (age 65 years or older) male and female Hispanics and nonHispanic whites (NHW) and 2) to examine
associations between serum B12, C and folate concentrations compared to measures of cognitive and affective
(depression) functions.

Methods: Equal numbers of male and female Hispanics and NHW were randomly sampled from the Health
Care Financing Administration (Medicare) registrant list for Bernalillo County, New Mexico, and asked to
volunteer for a paid home interview followed by a paid comprehensive interview/examination covering health
and health-related issues. In addition to serum determinations of B12, C and folate, associations were examined
between these vitamins and measures of cognitive and affective functions.

Results: Males and Hispanics had lower serum vitamin B12, C and folate concentrations than females and
NHW respectively. Participants taking a multivitamin supplement (MVI) had higher serum vitamin concentra-
tions than those not taking MVI. There were significant associations between serum folate concentrations and
measures of cognitive function, not seen with B12 or C, nor between any of the vitamins and affective function.

Conclusions:Hispanics, even after adjustments for gender, age, vitamin supplementation, vitamin content
of dietary foods, education and household income, had lower serum concentrations of B12, C and folate than
NHW. The most significant associations observed were those between serum folate and various measures of
cognitive function, even after adjusting for presence of depression.

INTRODUCTION

In the past, recommended vitamin intakes have often been
based on levels that were adequate to prevent clinical deficien-
cies from developing. Once these levels were reached, clini-
cians and nutrition scientists generally attributed little value to
higher vitamin intakes from supplements or food sources.

More recently, evidence has continued to mount showing
that the intakes and serum concentrations of certain vitamins,

e.g. vitamins B12, folate and C, above those necessary to
prevent clinical deficiencies, might importantly influence
health status. Supplements of vitamin B12 and folate lower
serum homocysteine concentrations, and even minor elevations
of serum homocysteine increase the risk of vascular disease
[1–8]. Although the body of evidence demonstrating the vas-
cular protective effects of higher B12 and folate intake have
been accumulating, this evidence was considered too prelimi-
nary for incorporation into the Dietary Reference Intakes for

This work is supported by grants from the National Institute on Aging (R01AG10941) and UNM GCRC (NCRR-GCRC Grant M01RR0997).

Presented at the American College of Nutrition Annual meeting, Albuquerque New Mexico October 3, 1998 and at the Western Regional meetings, AmericanFederation
for Medical Research, Carmel, California, January 30, 1999.

Address reprint requests to: Robert D. Lindeman, MD, Department of Internal Medicine, ACC-5, University of New Mexico Health Sciences Center, 2211 Lomas Blvd.,
N.E., Albuquerque, New Mexico, 87131-5271.

Journal of the American College of Nutrition, Vol. 19, No. 1, 68–76 (2000)
Published by the American College of Nutrition

68



the B vitamins [9]. Similarly, an inverse association has been
observed between vitamin C intake and/or serum concentra-
tions and the presence of atherosclerotic vascular disease, no-
tably stroke [10,11].

Poorer cognitive function has been reported in individuals
with lower serum concentrations of B12 and/or folate (and
higher serum concentrations of homocysteine) [12–16], and
vitamin C [17]. Depression has been reported to be the most
common neuropsychiatric manifestation of folate deficiency
[18–21] and needs to be considered when evaluating cognitive
status, as it is well recognized that depression can mimic
impaired cognitive function (pseudodementia). Little informa-
tion is available comparing serum vitamin B12, C and folate in
elderly Hispanics and non-Hispanic whites. A recent publica-
tion [22] from the National Health and Nutrition Examination
Survey (1988–91) reports that serum and red cell folates were
significantly lower in younger Mexican Americans compared
to non Hispanic whites.

The New Mexico Elder Health Survey (NMEHS) was a
study of health and health-related issues in nearly equal num-
bers of elderly (65 years of age or older) Hispanic and non-
Hispanic white (NHW) males and females randomly selected
from the Health Care Financing Administration (Medicare)
rolls of Bernalillo County (Albuquerque), New Mexico [23,24].
One of the objectives of the NMEHS was to compare nutri-
tional status in these two ethnicities, both by obtaining detailed
information on dietary intake and supplements and by quanti-
fying serum concentrations of vitamin B12, folate and C. A
database also was available on cognitive and affective (depres-
sion) functions, which allowed us to make comparisons be-
tween vitamin nutritional status and these functions.

METHODS

Study Design/Subjects

Twenty-two hundred prospective participants (equal num-
bers of Hispanic and non Hispanic white males and females)
were randomly selected from 50,700 HCFA registrants (Medi-
care recipients), age 65 years or older, residing in Bernalillo
County (Albuquerque), New Mexico. After eliminating those
who had died and moved from the county, those who could not
be located either because only a post office box address was
available or they did not respond to notes left at their homes,
and those who were ineligible because they clearly did not meet
criteria to qualify as Hispanic or NHW, 1,666 eligible partici-
pants were contacted. Eleven hundred and thirty (67.8%) par-
ticipated in home interviews. An additional 29 interviewees
were thereafter found not qualified for the survey because they
either did not meet ethnicity standards (self identification and
three of four grandparents Hispanic or NHW respectively) or
had died or moved after the home interview and before an
examination could be completed. Of the 1101 individuals in-
terviewed at home and found eligible, 883 (80.2%) participated

in a four-hour interview/examination by a nurse practitioner,
nurse and nutritionist. There were no other exclusionary criteria
as long as informed consent could be obtained from the par-
ticipant or legal guardian. All participants gave a written in-
formed consent and the research was approved by the Human
Research Review Committee of the University of New Mexico
Health Sciences Center. Further details on the design and
survey instruments used in this study and demographic character-
istics of the recruited participants are published elsewhere [24].

Serum Vitamin B12 and Folate

Between May 1993 and March 1994, serum vitamin B12 and
folate concentrations were determined on 318 samples using
the SimulTRAC Radioassay (RA) kit from Becton-Dickinson
(Orangeburg, NY), Cat #262226. Samples collected after
March 1994 (n5515) were assayed by the Quantaphase II RA
kit from Bio-Rad (Hercules, CA), Cat #191-1041. The intro-
duction of the Quantaphase II RA in 1994 was due to issues
associated with the Life Sciences Research Office Report [25],
on the assessment of radioassays used to measure serum folate,
citing consistently a 30% elevation in folate levels in current
radioassays. Because of this factor, a new, but properly stan-
dardized procedure, the Quantaphase II RA, was implemented
in our laboratory. In comparing folate levels measured by the
SimulTRAC RA with the Quantaphase II RA, it was deter-
mined that a correction factor (of 0.735) needed to be employed
to adjust SimulTRAC RA values to those results obtained using
the Quantaphase II RA. In comparing the adjusted results of 80
samples from the SimulTRAC RA (adjusted by a factor of
0.735) with the new Quantaphase II RA, a linear correlation of
0.99 was achieved. In the process of establishing the new
B12/folate methodology, it was also noted that a correction
factor had to be established for the vitamin B12 levels using the
Quantaphase II RA. In comparing 80 samples by both meth-
odologies, the SimulTRAC RA showed B12 levels consistently
higher, by 6.4%, when compared to the new Quantaphase II
B12 RA. As a result of this comparison, the 318 samples
assayed for B12 levels by the SimulTRAC RA were corrected
for by a 6.4% factor.

Employing the standardized methodology, B12 and folate
concentrations were determined on the remaining 515 serum
samples by simultaneously using the125I/57Co Quantaphase II
Radioassay from Bio-Rad Corp (Hercules, CA), Cat #191-
1041. The assay’s minimum detectable concentration of B12 is
15 pmol/L (20 pg/mL) and for folate is 0.2 nmol/L (0.1 ng/mL).
The normal range, as established by the manufacturer for
vitamin B12 is 96 to 567 pmol/L (130–770 pg/mL) and for
folate is 0.7–9.5 nmol/L (1.5–20.6 ng/mL) with the coefficient
of variation of the inter-assay precision being 4.0% to 5.9% and
3.8% to 5.2%, respectively. The rationales for selection of
“cutpoints” of 221 pmol/L (300 pg/mL) to separate participants

Serum B12, C, and Folate

JOURNAL OF THE AMERICAN COLLEGE OF NUTRITION 69



with normal vs. low and low normal serum vitamin B12 con-
centrations, and 11 nmol/L (5 ng/mL) for serum folate concen-
trations is outlined in the discussion.

Vitamin C (ascorbic acid) analysis was performed on serum
samples utilizing the procedure described by Garryet al. [26].
The normal range established by this procedure is 28 to 85
mmol/L (0.5 to 1.5 mg/dL) with an assay sensitivity of 14
mmol/L (0.25 mg/dL). The coefficient of variation of the inter-
assay precision is 1.5% to 9.6% (n536 assays).

Neuropsychological Assessment

Cognitive test measures and the functions they were in-
tended to estimate were 1) the Mini-Mental State Exam
(MMSE) (orientation, recall, attention, language, and visual
graphic ability) [27], 2) WAIS-R Digits Forward (attention and
immediate memory) [28], 3) Fuld Object Memory Evaluation
(learning and secondary memory) [29], 4) clock drawing
(visuoconstruction) [30] and 5) two Color Trail Making Tests
(psychomotor speed and cognitive flexibility) [31]. How these
measures were used in this population are described in more
detail elsewhere [32].

Three indicators of depression were obtained. First, a self
report of a past history of depression was available from the
interview. Second, a list of all current medications was ob-
tained and coded by a pharmacist so that antidepressants could
be identified by a single code number. Third, the 15-question
short version of the Yesavage Geriatric Depression Scale
(GDS) was administered in both Spanish and English versions
[33]. Both the total number of questions answered to indicate
depression and percent of participants with greater than six
answers indicating depression are reported.

Additional Information

Dietary intakes for the three vitamins were obtained from
the Health Habits and History Questionnaire, a food frequency
questionnaire, using methods previously described [34]. Infor-
mation on vitamin supplementation also was obtained. Partic-
ipants were asked if they had taken any multivitamins (MVI) in
the last 12 months (those answering affirmatively were the
participants included in the MVI category), how many of the
last 12 months had they taken MVI and how many days per
week they took them. Of the individuals taking MVI, 85.1%
took them daily and 91.5% took them at least every other day;
81.6% had taken them every month for the 12 months prior to
the interview. For vitamin C, participants were included in the
vitamin supplement category if they took either MVI or vitamin
C supplements. Education was quantified both in years of
education and whether or not participants had a high school
education. Household income was separated into incomes less
than $15,000 per year (poverty level) and those $15,000 per
year or more.

Statistical Methods

Participants with any component of the necessary database
missing were excluded from that analysis. This meant from 751
to 816 participants were included in the four tables. Continuous
variables were tested for normality in distribution. A logarith-
mic transformation was applied to skewed variables, e.g. vita-
min intake from food, to normalize distributions before statis-
tical analysis. Group comparisons were conducted using
general linear models for continuous variables adjusting for the
effects of gender, ethnicity, vitamin supplement usage, age
(five-year intervals) education (high school graduatevs. non
graduate) and household income (less than $15,000vs.equal to
or greater than $15,000) (Table 2). Also examined was the
effect in these models of adjusting for vitamin intake from
food. For categorical variables, e.g. serum vitamin concentra-
tions above and below certain cutoff levels (Table 3), and
use/nonuse of multivitamin supplements (Table 4), multivariate
logistic regression models were fitted for each of the primary
outcomes (cognitive and affective tests) adjusting for gender,
ethnicity, age (years), education (years), and household income
(,$15,000vs.#$15,000). Also examined were the effects on
each of the cognitive tests of adjusting for each of the three
measures of depression. All analyses were done using SAS
software [35].

RESULTS

Table 1 shows the number of participants and mean serum
concentrations of vitamin B12 (cobalamin), folic acid and vita-
min C (ascorbic acid) for the four ethnic/gender groups studied.
The mean age of the participants studied was 74.1 years.
Participants were divided into those taking a vitamin supple-
ment (MVI) and those who did not (no MVI). Whereas 48% of
the nonHispanic white population took a MVI, only 32% of the
Hispanic population did. Table 2 shows multivariate linear
models predicting the serum vitamin concentrations using age
(five-year intervals), ethnicity, gender, multivitamin usage, ed-
ucation and income. The models show that, when adjusted for
each of the other variables, men had lower serum concentra-
tions of folate and vitamin C, but not vitamin B12 compared to
women, and Hispanics had lower serum vitamin concentrations
for all three vitamins than nonHispanic whites. Individuals
taking a vitamin supplement had higher serum concentrations
of all three vitamins compared to those who did not. No
significant associations were found, when adjusted, between
the three vitamin concentrations and level of education. A
significant association was found between serum folate and
vitamin C, and annual household income with participants
having an income above poverty levels (greater than $15,000)
having higher vitamin concentrations.

Also examined using these models was the effect of vitamin
intake from food (Food Frequency Questionnaire) (log trans-
formation of a continuous variable), but this was not included
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in the models in Table 2 because vitamin intake from food was
not available for all participants. In models adjusted for all of
the variables in Table 2, and including both those taking and
not taking vitamin supplements (n5657), there was a positive
association between vitamin intake from food and serum levels
of folate (p,0.001), and vitamins B12 and C (p,0.05). In the
models including vitamin intake from food, there was still a
significant association of ethnicity with serum vitamin levels
(p,0.05). In a similar model including only those not taking
vitamin supplements (n5385), the significance levels for the
association of vitamin intake from food with serum levels were
p,.001 for vitamin B12 and folate andp,.05 for vitamin C.

Table 3 compares the results of cognitive and affective
(depressive) function tests in participants with low and low
normal serum concentrations of the three vitamins compared to
those with values more clearly within the normal range. Using
multivariate logistic regression models to adjust for differences
in age, ethnicity, gender and education (years), none of these
differences reached levels of statistical significance for B12 or
C. For folate, however, participants with low (and low normal)
serum concentrations were associated with lower cognitive
performance scores when compared to participants with normal

folate levels. Lower scores were associated with low serum
folates in the Mini Mental Status Exam, the Digits Forward, the
Fuld Object Memory test, (number retrieved, number of names,
number recalled) and one of the two Color Trails tests, but not
in the Clock Face test. Using lower cutoff points to define a
vitamin deficiency state, i.e. 200 pg/mL for B12 and 3 ng/mL
for folate, did not change the findings. Those individuals with
low normal serum B12 concentrations did not have different
mean corpuscular volumes compared to those with normal B12

concentrations (mean6SD 90.665.5 vs.90.565.2).
Because others [18–21] have found an association between

serum folate concentrations and evidence of depression and
because depression can lower cognitive scores (pseudodemen-
tia), depression was entered into additional multivariate logistic
regression models as an additional variable examining cogni-
tive outcomes. Several methods were available to determine the
presence or absence of depression. The 15 question Yesavage
Geriatric Depression Scale (GDS) with a score.6 consistent
with depression was used as the primary method, but informa-
tion also was utilized on self report of a past medical history of
depression and on current use of prescription antidepressants.
Of 861 participants who provided this information, 96 (11.1%)

Table 1. Number of participants (n) and mean6SD serum vitamin B12, folate and vitamin C concentrations in 795 participants
with and without a multivitamin supplement (MVI) for the 4 ethnic/gender groups in the New Mexico Elder Health Survey

Hispanic Males NHW Males Hispanic Females NHW Females

n Mean6SD n Mean6SD n Mean6SD n Mean6SD

Vitamin B12 (pmol/L)
No MVI 148 2896 136 125 3196 139 103 3106 141 96 3396 169
MVI 51 3896 158 101 4186 214 67 3966 192 104 4666 232

Folate (nmol/L)
No MVI 148 176 9 125 216 13 103 186 15 96 226 16
MVI 51 36 6 24 100 436 28 67 366 22 103 566 40

Vitamin C (mmol/L)
No MVI or Vit C 121 496 19 93 576 23 89 606 24 72 706 24
MVI and/or Vit C 74 706 25 133 806 28 81 806 31 130 896 26

Table 2. Estimates of regression coefficients (betas), standard errors of the estimate (S.E.E.) andp values for the effects of
gender, ethnicity, vitamin supplement usage, age (5 year intervals), education (high school graduatevs.non graduate) and annual
household income (.$15,000vs. #$15,000) on serum vitamin B12, folate and C concentrations

Vitamin B12 Folate Vitamin C

beta S.E.E. p beta S.E.E. p beta S.E.E. p

Intercept 6.20 0.65 ,.001 2.71 .085 ,.001 .033 .052 .533
Gender (F vs M) .057 .035 .109 .103 .046 .025 .195 .029 ,.001
Ethnicity (H vs NHW) 2.092 .041 .025 2.227 .053 ,.001 .065 .033 .051
Vitamin supplement (1 vs 2) .291 .035 ,.001 .755 .046 ,.001 .313 .028 ,.001
Age group (65–69vs.801) .025 .054 .336 2.006 .070 .192 .018 .044 .434

(70–74vs.801) .076 .052 Group .058 .068 Group .051 .043 Group
(75–79vs.801) .079 0.57 Effect .123 .074 Effect .063 .047 Effect

Education (HS graduate vs not) .055 .047 .239 2.097 .061 .112 .072 .038 .060
Earnings (.$15,000vs. #$15,000) 2.053 .043 .217 .191 .056 ,.001 2.143 .035 ,.001
R-square, adjusted .120 .339 .272

The effects of each variable on serum vitamin B12, folate and C concentrations is adjusted for each of the other variables in 751 participants in the New Mexico Elder

Health Survey with complete data sets.
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had a GDS consistent with depression (.6); only 16 (16.7%)
were currently on antidepressants. Another 28 of 765 partici-
pants (3.7%), not clinically depressed by the GDS, also cur-
rently were on antidepressants. When one examined the 194
participants with a past history of depression, only 12.9% were
currently on antidepressants. There was a highly significant
correlation between the Mini Mental Status Exam and each of
these three measures of depression (p,.001).

Adding each of the three measures of depression as a
variable into the multivariate logistic regression models, serum
folate concentrations continued to show significant associations
with measures of cognitive function. Using the dichotomized
level of GDS.6 vs.#6 in the model, significant associations
still were found between serum folate concentrations and the
MMSE and number of names (p,.01), and Fuld (total recalled)
and color trails #2 tests (p#.05). Using a history of depression
as the variable instead of the GDS gave very similar results,
except the last two tests of cognitive function were now only
marginally significant (p5.06).

Table 4 compares those participants on MVI with those not
on MVI. No significant association of cognitive or affective
function with MVI use was observed after adjusting for differ-
ences in age, ethnicity, gender and years of education. The
participants taking MVI had more education than those not
taking MVI, even after adjusting for ethnic differences where
more NHW took MVI than Hispanics.

Table 4. Associations between taking or not taking a daily
multivitamin supplement (MVI) and mean6SD scores for
various components of the cognitive and affective testing in
816 participants in the New Mexico Elder Health Survey
using a multivariate logistic regression model

No MVI
Mean6SD

MVI
Mean6SD

p value

Number of participants (%) 483 (59.2) 333 (40.8)
Age, years 73.66 6.0 73.66 5.8 0.82
Education, years 11.56 4.2 12.86 4.1 0.003
Cognitive testing
Mini Mental State exam (30) 26.76 2.6 27.36 2.4 0.47
Fuld object-memory
Number retrieved (10) 6.806 1.49 6.926 1.44 0.54
Total recalled (10) 7.406 1.65 7.666 1.54 0.22
Number of names 15.76 5.1 16.86 5.4 0.65
Digits forward (10) 6.086 2.23 6.586 2.36 0.81
Clock score (8) 6.246 1.53 6.246 1.54 0.10
Color trails 1 (25) 21.16 4.9 21.86 4.6 0.91
Color trails 2 (25) 12.96 4.7 13.66 4.8 0.88
Affective testing

Geriatric Depression Scale (15) 2.036 2.44 1.926 2.41 0.81
GDS (%.6) 8.8 8.8 0.58

Not included in this analysis were 34 participants with MMSE scores,18. p

values are adjusted for ethnicity, gender, age (years), and years of education by

adjusting each variable for all other variables.

Table 3. Effect of low and low normal serum vitamin B12, folic acid and vitamin C on various cognitive and affective testing in
783 participants in the New Mexico Elder Health Survey using multivariate logistic regression models

Serum vitamin B12 Serum Folate Serum vitamin C

,221 pmol/L
Mean6SD

$221 pmol/L
Mean6SD

p value
,11.1 nmol/

L
Mean6SD

$11.1 nmol/
L

Mean6SD
p value

,57 mmol/L
Mean6SD

$57 mmol/L
Mean6SD

p value

Number of participants (%) 166 (21.1) 619 (78.9) 142 (18.1) 641 (81.9) 257 (32.8) 526 (67.2)
Age, years 73.66 6.3 73.46 5.8 0.30 73.46 6.0 73.66 5.9 0.64 73.96 6.2 73.26 5.7 0.20
Education, years 11.56 4.5 12.26 4.1 0.63 10.66 4.2 12.46 4.1 0.007 10.76 4.1 12.86 4.0 ,.001
Cognitive testing
Mini Mental State exam (30) 26.76 2.4 27.06 2.7 0.37 25.96 2.8 27.16 2.5 0.002 26.46 2.9 27.26 2.4 0.90
Fuld object-memory

Number retrieved (10) 6.736 1.5 6.836 1.5 0.77 6.556 1.69 6.866 1.50 0.05 6.606 1.58 6.926 1.51 0.21
Total recalled (10) 7.466 1.5 7.506 1.7 0.34 7.166 1.82 7.566 1.58 0.02 7.196 1.66 7.666 1.59 0.06
Number of names 15.76 4.9 16.26 5.4 0.60 14.46 4.8 16.56 5.3 0.005 14.66 4.6 16.86 5.4 0.17

Digits forward (10) 5.926 2.17 6.376 2.33 0.92 5.506 2.31 6.446 2.27 0.07 5.626 2.17 6.606 2.28 0.09
Clock score (8) 6.226 1.6 6.216 1.6 0.31 5.986 1.73 6.266 1.55 0.94 6.126 1.67 6.286 1.52 0.48
Color trails 1 (25) 20.96 5.0 21.56 4.8 0.84 20.26 5.3 21.66 4.7 0.14 20.66 5.2 21.86 4.6 0.91
Color trails 2 (25) 12.96 4.6 13.36 4.8 0.60 11.86 5.1 13.56 4.6 0.04 12.16 4.6 13.86 4.8 0.18
Affective testing

Geriatric Depression Scale (15) 2.076 2.46 2.036 2.51 0.27 2.426 2.69 1.966 2.44 0.55 2.346 2.51 1.886 2.46 0.28
GDS (%.6) 10.4 9.1 0.93 12.7 8.7 0.45 9.8 9.0 0.59

History of depression (%
positive) 19.9 24.1 0.08 31.0 21.6 0.10 28.8 20.2 0.04

Currently on antidepressants (%
positive) 5.4 4.9 0.48 5.0 5.0 0.61 4.7 5.1 0.59

Not included in the analysis were 34 participants with MMSE scores,18. p values are adjusted for ethnicity, gender, age (years), and years of education by adjusting

each variable for all of the other variables.
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DISCUSSION

We are unable to find previous reports on randomly sam-
pled studies of serum vitamin B12, folate and vitamin C con-
centrations in elderly Hispanic populations. We have previ-
ously reported on food sources of folate for the elderly [36] and
have noted qualitative differences in food sources of folate and
vitamin C for elderly Hispanic and NHW participants in the
NMEHS [34]. The present study goes beyond observations of
food sources to document differences in blood levels of nutri-
ents. Significantly lower serum concentrations of all three
vitamins were found in Hispanics, even after adjusting for
differences in age, gender, food vitamin intake, vitamin sup-
plement use, education and household income. This suggests
this large minority population may be more susceptible to
subtle or marginal deficiencies than Anglo populations more
traditionally studied. Furthermore, this could have implications
on various measures of health status, such as cognitive status
and mood disorders in this minority population.

Other observations, e.g., that males had significantly lower
serum concentrations compared to females, that daily vitamin
supplements increased serum vitamin concentrations, that a
direct association existed between food vitamin intake and
serum vitamin concentrations (exclusive of vitamin supple-
ments) and that participants with less education and incomes
below the poverty level had lower serum vitamin concentra-
tions were more predictable based on previous publications
[37–41]. While not all participants in the multivitamin supple-
ment category took a multivitamin daily for all 12 months prior
to the testing done, such a high percentage did that this should
not affect the ability to find significant differences between the
groups receiving multivitamin supplements and those not re-
ceiving them, if the effects on cognition and mood really
existed.

Although ranges of “normal” values are generally estab-
lished in clinical laboratories, the rationales for these levels are
not always clear. With no clear, independent, objective markers
for clinical B12, C and folate deficiencies, the distinctions
between true early biochemical deficiencies of these vitamins
and the lower limits of normal become somewhat arbitrary.
Florid presentations of vitamin deficiencies, e.g., the megalo-
blastic anemia and neurologic dysfunction seen with pernicious
anemia (B12 deficiency), are becoming rare. More often mar-
ginal or mild deficiencies are detected by screening serum or
red cell concentrations of the vitamins or by finding evidence
of accumulation of a metabolite; for example, an increase in
serum methylmalonic acid (MMA) can be indicative of a B12

deficiency, or an increase in serum homocysteine can be related
to a deficiency of either folate or B12. Some of these metabo-
lites may be responsible for subtle pathophysiologic changes,
such as the excessive cardiovascular mortality now well doc-
umented to result from an increase in serum homocysteine

concentrations [1–8]. It therefore becomes important to iden-
tify these early or marginal deficiencies and to identify popu-
lations that may be at increased risk.

An extensive literature exists on the neuropsychiatric man-
ifestations of cobalamin (B12) deficiency that often are present
without the macrocytic anemia seen with classic pernicious
anemia due to a deficiency of intrinsic factor. This has been
comprehensively reviewed recently by Van Goor,et al. [18].
Malabsorption of cobalamin due to intrinsic factor deficiency
can be measured by the Schilling test. In elderly individuals,
low serum cobalamins often are found with normal Schilling
tests and appear to be the result of protein-bound cobalamin
malabsorption. Here the release of cobalamin from its dietary
protein-bound state is impaired, often but not necessarily due to
achlorhydria [42]. In recognition of the fact that 20 to 30
percent of elderly persons may malabsorb food-bound B12, it
has been recommended that those older than 50 years meet the
Recommended Dietary Allowance (RDA) for B12 (2.4 micro-
grams/day) from supplements and/or from foods fortified with
B12 (such as breakfast cereals) [9].

Memory deficits and slowing of mental processes are the
most commonly reported cognitive disturbances in cobalamin
deficiency, but organic mental changes resulting in paranoia,
hallucinations and delirium also have been described [18]. Such
patients with an organic psychosis and cognitive dysfunction
have been reported to show a complete recovery with cobal-
amin therapy [43–45].

Despite the widespread use of the serum B12 concentrations
in epidemiologic studies, and as a screening procedure, it has
been recognized that there are formidable problems of sensi-
tivity and specificity with this test [46,47]. A low serum B12

does not necessarily indicate a deficiency state exists, and a
“normal” B12 does not rule out a deficiency. Metz,et al. [48]
showed that 90% of older patients with serum B12 ,150
pmol/L showed evidence of tissue B12 deficiency. They felt the
deficiency became manifest at relatively higher levels of serum
B12 in older patients, possibly because of lower levels of
holotranscobalamin II in older patients. Most cobalamin is
bound to transcobalamin I, which has little functional signifi-
cance; the 10% to 20% that is bound to transcobalamin II is the
functionally active component, and this tends to be low in the
elderly. Since there are no good commercial techniques to
quantify transcobalamin II available, the best alternative to
identify B12-deficient individuals appears to be to measure the
serum concentrations of MMA and homocysteine and the re-
sponse to therapy with B12. Stabler [47], in reviewing a study
on a cohort of geriatric outpatients [49], felt the conventional
practice of setting the lower limits of normal for B12 at 200
pg/mL (147 pmol/L) missed approximately 50% of B12-defi-
cient individuals. Many subjects with “low normal” levels
(between 200 and 300 pg/mL) had metabolites (MMA and/or
homocysteine) elevated more than two standard deviations
above the mean which subsequently responded to treatment
with B12. Bernardet al. [19], on the other hand, reported that
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elderly veterans with low B12 levels, as defined by a serum B12

level,200 pg/mL, had evidence of cognitive impairment com-
pared to those above this level. When a broader definition of
B12 deficiency was used, i.e.,300 pg/mL and elevation of
MMA and/or homocysteine, no significant differences were
observed. We therefore used both the 200 and 300 pg/mL
cutpoints to dichotomize our findings for analysis, but have
reported only the latter. Using the 300 pg/mL cutpoint, 21% of
our participants had low serum B12 concentrations. Neither of
these cutpoints showed any significant association between low
B12 concentrations and cognitive or affective (mood) function.
Some of this failure may be related to the inability of the serum
B12 concentration to adequately identify B12 deficient partici-
pants.

Low serum folate concentrations also have been associated
with poorer function on neuropsychological assessment
[16,17,20,50]. Goodwinet al. [50] reported lower test scores on
a non-verbal test of abstract thinking ability and on a memory
test for healthy elderly with low folate levels compared to those
with normal levels. In a previous report on 137 elderly (age 66
to 90 years), well educated, well nourished community resi-
dents in the New Mexico Aging Process Study free of cognitive
impairment, we reported no differences in tests of memory and
visual perception between those individuals taking vitamin
supplements and those not taking them [20]. However, on more
complex measures of performance involving visuospatial
skills, abstraction and non-verbal memory, those individuals
taking supplements, including B12, C and folate, generally
scored significantly higher than those not taking supplements.
Similarly, Riggs et al. [16] reported poorer spatial copying
skills in those with low folates. The Framingham study [51], in
their analysis of “low and low normal” serum folate concen-
trations, used a level less than 5 ng/mL (11.1 nmol/L), in
contrast to the more traditional level distinguishing a deficiency
as that below 3 ng/mL. Using the former cutpoint, 18% of our
participants had low serum folate concentrations. Here we saw
lower scores on a number of cognitive tests involving learning,
memory and psychomotor speed in participants with low or low
normal serum folate concentrations compared to those with
normal serum concentrations.

Although we were unable to show any association between
serum folate levels and the presence or absence of depression,
an important consideration is to diagnose depression accu-
rately, as it is well recognized that impaired cognitive status can
be a result of depression (pseudodementia). In 1962, Herbert
[18] reported an association between folate deficiency and
depressive symptoms, experiencing himself insomnia, irritabil-
ity, fatigue and forgetfulness after four months on a folate-
deficient diet. Albert and Fava [19] review the literature show-
ing the relationship between folate and neuropsychiatric
disorders inferred from clinical observation and the current
understanding of the role of folate in critical brain metabolic
pathways. Depressive symptoms have been reported to be the

most common neuropsychiatric manifestations of folate defi-
ciency. Conversely, low serum and/or red cell folate levels
have been detected in 15% to 38% of adults diagnosed with
depressive disorders [19–21] and low folate levels have been
linked to poorer antidepressant response to selective serotonin
reuptake inhibitors [19].

Perriget al. [21] recently reviewed the effects of the anti-
oxidant vitamins, including vitamin C, on cognitive function.
Although there had been previous correlational studies in
healthy older people suggesting that low serum vitamin C
might be associated with poorer mental function [50], there was
no clear effect of the antioxidant vitamins on cognitive perfor-
mance, especially memory, in these previous studies. Perriget
al. [21], however, did find a positive correlation between
plasma ascorbic acid concentrations and memory performance
in people aged 65 and older. Although none of the cognitive
tests in our study showed such a positive correlation, two tests
of memory came close (p,0.1).

Within the next few years, ongoing and planned randomized
trials should help to resolve many of the uncertainties described
above. At present, in recognition of absorption problems, the
elderly are recommended to obtain the RDA for vitamin B12

from supplements or fortified foods. However, the combined
evidence does not support the routine use of higher supplement
doses of vitamin B12, or of folate or vitamin C supplements to
protect against cognitive loss or mood disorders (depression).
Individual choices and public policy decisions should await the
results of large trials, which will provide more information on
the efficacy and safety of these vitamins.

REFERENCES

1. Graham IM, Daly LE, Refsum HM, and 25 others: Plasma homo-
cysteine as a risk factor for vascular disease. The European con-
certed action project. JAMA 277:1775–1781, 1997.

2. Boushey CJ, Beresford SAA, Omen GS, Motulsky AG: A quan-
titative assessment of plasma homocysteine as a risk factor for
vascular disease: probable benefits of increasing folic acid intakes.
JAMA 274:1049–1057, 1995.

3. Selhub J, Jacques PF, Bostom AG, D’Agostino RB, Wilson PWF,
Belanger AJ, O’Leary DH, Wolf PA, Rush D, Schaefer EJ, Rosen-
berg IH: Relationship between plasma homocysteine, vitamin sta-
tus and extracranial carotid artery stenosis in the Framingham
study population. J Nutr 126:1258S–1265S, 1996.

4. Konecky N, Malinow MR, Tunick PA, Freedberg RS, Rosenzweig
BP, Katz ES, Hess DL, Upson B, Leung B, Perez J, Kronzon I:
Correlation between plasma homocysteine and aortic atheroscle-
rosis. Am Heart J 133:534–540, 1997.

5. Chasan-Taber L, Selhub J, Rosenberg IH, Malinow R, Terry P,
Tishler PV, Willett W, Hennekens CH, Stampfer MJ: A prospec-
tive study of folate and vitamin B6 and risk of myocardial infarc-
tion in US physicians. J Am Coll Nutr 15:136–143, 1996.

6. Naurath HJ, Joosten E, Riezler R, Stabler SP, Allen RH, Linden-
baum J: Effects of vitamin B12, folate, and vitamin B6 supplements

Serum B12, C, and Folate

74 VOL. 19, NO. 1



in elderly people with normal serum vitamin concentrations. Lan-
cet 346:85–89, 1996.

7. Verhoef P, Stampfer MJ, Buring JE, Gaziano JM, Allen RH,
Stabler SP, Reynolds RD, Kok FJ, Hennekens CH, Willett WC:
Homocysteine metabolism and risk of myocardial infarction: Re-
lation with vitamins B6, B12, and folate. Am J Epidemiol 143:845–
859, 1996.

8. Rimm EB, Willett WC, Hu FB, Sampson L, Colditz GA, Manson
JE, Hennekens C, Stampfer MJ: Folate and vitamin B6 from diet
and supplements in relation to risk of coronary heart disease in
women. JAMA 279:359–364, 1998.

9. Institute of Medicine, Food and Nutrition Board: “Dietary Refer-
ence Intakes for Thiamin, Riboflavin, Niacin, Vitamin B6, Folate,
Vitamin B12, Pantothenic Acid, Biotin and Choline.” Washington,
DC: National Academy Press, 1998.

10. Gale CR, Martyn CN, Winter PD, Casper C: Vitamin C and risk of
death from stroke and coronary heart disease in a cohort of elderly
people. Brit Med J 310:1563–1566, 1995.

11. Jha P, Flather M, Lonn E, Farkauh M, Yusef S: The antioxidant
vitamins and cardiovascular disease. A critical review of epidemi-
ologic and clinical trial data. Ann Int Med 123:860–872, 1995.

12. Riggs KM, Spiro A III, Tucker K, Rush D: Relations of vitamin
B12, vitamin B6, folate and homocysteine to cognitive performance
in the Normative Aging Study. Am J Clin Nutr 63:306–314, 1996.

13. Ortega RM, Manas LR, Andres P, Gaspar MJ, Agudo FR, Jimenez
A, Pascual T: Functional and psychic deterioration in elderly
people may be aggravated by folate deficiency. J Nutr 126:1992–
1999, 1996.

14. Van Goor LP, Woiski MD, Lagaay AM, Meinders AE, Tak PP:
Review: Cobalamin deficiency and mental impairment in elderly
people. Age and Aging 24:536–542, 1995.

15. Bernard MA, Nakonezny PA, Kashner TM: The effect of vitamin
B12 deficiency on older veterans and its relation to health. J Am
Geriatr Soc 46:119–1206, 1998.

16. LaRue A, Koehler KM, Wayne SJ, Chiulli SJ, Haaland KY, Garry
PJ: Nutritional status and cognitive functioning in a normally aging
sample: a 6-y reassessment. Am J Clin Nutr 65:20–29, 1997.

17. Perrig WJ, Perrig P, Sta¨helin HB: The relation between antioxi-
dants and memory performance in the old and very old. J Am
Geriatr Soc 45:718–724, 1997.

18. Herbert V: Experimental nutritional folate deficiency in man.
Trans Assoc Am Physicians 75:307–320, 1961.

19. Alpert JE, Fava M: Nutrition and depression: the role of folate.
Nutr Rev 55:145–149, 1997.

20. Abou-Saleh MT, Coppen A: Serum and red blood cell folate in
depression. Acta Psychiatr Scand 80:78–82, 1989.

21. Fava M, Borus JS, Alpert JE: Folate, B12, and homocysteine in
major depressive disorder. Am J Psychiatry 154:426–428, 1997.

22. Ford ES, Bowman BA: Serum and red blood cell folate concen-
trations, race, and education: findings from the third National
Health and Nutrition Examination Survey. Am J Clin Nutr 69:474–
481, 1999.

23. Lindeman RD, Romero LJ, Hundley R, Allen AS, Liang HC,
Baumgartner RN, Koehler KM, Schade DS, Garry PJ: Prevalence
of type 2 diabetes mellitus, the insulin resistance syndrome, and
coronary heart disease in an elderly, biethnic population. Diabetes
Care 21:959–966, 1998.

24. Romero LJ, Lindeman RD, Hundley R, Koehler KM, Baumgartner

RN, Allen AS, Schade DS, LaRue A, Ortiz IE, Garry PJ: Outcome
of recruitment and report on participation rate in the New Mexico
Elder Health Survey. Ethnicity and Disease, 8:350–359, 1998.

25. Raiten DJ, Fisher KD: Assessment of folate methodology used in
the third National Health and Nutrition Examination Survey
(NHANES III, 1988–1994). J Nutr 125:1371S–1398S, 1995.

26. Garry PJ, Owen GM, Lashley DW, Ford PC: Automated Analysis
of Plasma and Whole Blood Ascorbic Acid. Clinical Biochemistry
7:131–145, 1974.

27. Folstein MF, Folstein ME, McHugh PR: “Mini-Mental State”: A
practical guide of grading the cognitive states of patients for the
clinician. J Psychiat Res 12:189–198, 1995.

28. Wechsler D: “Wechsler Adult Intelligence Scale—Revised.” New
York: Psychological Corporation, 1981.

29. Fuld PA: “The Fuld-Object Memory Evaluation.” Wood Dole, IL:
Stoelting Instrument Co., 1981.

30. Goodglass H, Kaplan E: “The Assessment of Aphasia and Related
Disorders,” 2nd ed. Philadelphia: Lea and Febiger, 1983.

31. D’Elia LF, Satz P, Uchiyama CL, White T: “Color Trails Test
Professional Manual.” Odessa, Fl: Psychological Assessment Re-
sources, 1996.

32. Lindeman RD, Schade DS, LaRue A, Romero LJ, Liang HC,
Baumgartner RN, Koehler KM, Garry PJ: Subclinical hypothy-
roidism in a biethnic, urban community. J Am Geriatr Soc 47:703–
709, 1999.

33. Yesavage JA: The use of self-rating scales in the elderly. In Poon
LW (ed): “Handbook for clinical memory assessment of older
adults.” Washington, DC: American Psychological Assoc, pp 213–
217, 1986.

34. Pareo-Tubbeh SL, Romero LJ, Baumgartner RN, Garry PJ, Lin-
deman RD, Koehler KM: Comparison of energy and nutrient
sources in the diets of elderly Hispanics and nonHispanic whites in
New Mexico. J Am Dietetic Assoc., 99:572–582, 1999.

35. SAS User’s Guide: Basics, Version 6.10 Edition Cary, NC, SAS
Institute, 1995.

36. Koehler KM, Pareo-Tubbeh SL, Romero LJ, Baumgartner RN,
Garry PJ: Folate nutrition and older adults: challenges and oppor-
tunities. J Am Diet Assoc 97:167–173, 1997.

37. Koehler KM, Romero LJ, Stauber PM, Pareo-Tubbeh SL, Liang
HC, Baumgartner RN, Garry PJ, Allen RH, Stabler SP: Vitamin
supplementation and other variables affecting serum homocysteine
and methylmalonic acid in elderly men and women. J Am Coll
Nutr 15:364–376, 1996.

38. Garry PJ, Goodwin JS, Hunt WC: Folate and vitamin B12 status in
a healthy elderly population. J Am Geriatr Soc 32:719–726, 1984.

39. Vander Jagt DJ, Garry PJ, Bhagavan HN: Ascorbic acid intake and
plasma levels in healthy people. Am J Clin Nutr 46:290–294, 1987.

40. Koehler KM, Pareo-Tubbeh SL, Liang HC, Garry PJ: Correlation
of vitamin intake by food frequency with biochemical status in
elderly men and women. Am J Clin Nutr 65:1349S–1350S, 1997.

41. Jacques PF, Sulsky SI, Sadowski JA, Phillips JC, Rush D, Willett
WC: Comparison of micronutrient intake measured by a dietary
questionnaire and biochemical indicators of micronutrient status.
Am J Clin Nutr 57:182–189, 1993.

42. Carmel R, Sinow RM, Siegel ME, Samloff IM: Food cobalamin
malabsorption occurs frequently in patients with unexplained low
serum cobalamin levels. Arch Intern Med 148:1715–1719, 1988.

43. Evans DL, Edelsohn GA, Golden RN: Organic psychosis without

Serum B12, C, and Folate

JOURNAL OF THE AMERICAN COLLEGE OF NUTRITION 75



anemia or spinal cord symptoms in patients with vitamin B12
deficiency. Am J Psychiatry 140:218–221, 1983.

44. Heaton EB, Savage DG, Brust JC, Garrett TJ, Lindenbaum J:
Neurologic aspects of cobalamin deficiency. Medicine 70:229–
245, 1991.

45. Lindenbaum J, Healton EB, Savage DG, Brust JCM, Garrett TJ,
Podell ER, Marcell PD, Stabler SP, Allen RH: Neuropsychiatric
disorders caused by cobalamin deficiency in the absence of anemia
or macrocytosis. New Engl J Med 318:1720–1728, 1988.

46. Green R: Screening for vitamin B12 deficiency: caveat emptor.
Ann Int Med 124:509–510, 1996.

47. Stabler SP: Vitamin B12 deficiency in older people: improving
diagnosis and preventing disability. J Am Geriatr Soc 46:1317–
1319, 1998.

48. Metz J, Bell AH, App B, Flicker L, Bottiglieri T, Ibrahim J, Seal

E, Schultz D, Savoia H, McGrath KM: The significance of serum
vitamin B12 concentration in older people: a case control study.
J Am Geriatr Soc 44:1355–1361, 1996.

49. Pennypacker LC, Allen RH, Kelly JP: High prevalence of cobal-
amin deficiency in elderly populations. J Am Geriatr Soc 40:1197–
1204, 1992.

50. Goodwin JS, Goodwin JM, Garry PJ: Association between nutri-
tional status and cognitive functioning in a healthy elderly popu-
lation. JAMA 249:2917–2931, 1983.

51. Lindenbaum J, Rosenberg I, Wilson P, Stabler SP, Allen RH:
Prevalence of cobalamin deficiency in the Framingham elderly
population. Am J Clin Nutr 60:2–11, 1994.

Received April 1999; revision accepted September 1999.

Serum B12, C, and Folate

76 VOL. 19, NO. 1


