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Significant correlations of plasma homocysteine and serum
methylmalonic acid with movement and cognitive performance in
elderly subjects but no improvement from short-term vitamin
therapy: a placebo-controlled randomized study1–3

Catharina Lewerin, Michael Matousek, Gunilla Steen, Boo Johansson, Bertil Steen, and Herman Nilsson-Ehle

ABSTRACT
Background: Deficiencies of vitamin B-12, folic acid, and vitamin
B-6—as defined by laboratory measures—occur in 10–20% of el-
derly subjects. The clinical significance remains unresolved.
Objective: The objective was to explore any association between
vitamin status and vitamin treatment and movement and cognitive
performance in elderly subjects.
Design: Community-dwelling subjects (n � 209) with a median age
of 76 y were randomly assigned to daily oral treatment with 0.5 mg
cyanocobalamin, 0.8 mg folic acid, and 3 mg vitamin B-6 or placebo
(double blind) for 4 mo. Movement and cognitive performance tests
were performed before and after treatment.
Results: A high plasma total homocysteine (tHcy) concentration
(�16 �mol/L) was found in 64% of men and in 45% of women, and
a high serum methylmalonic acid (MMA) concentration (�0.34
�mol/L) was found in 11% of both sexes. Movement time, digit
symbol, and block design (adjusted for age, sex, smoking, and cre-
atinine) correlated independently with plasma tHcy (P � 0.01, �
0.05, and � 0.01, respectively); the simultaneity index and block
design correlated with serum MMA (P � 0.05 for both). Vitamin
therapy significantly decreased plasma tHcy (32%) and serum
MMA (14%). No improvements were found in the movement or
cognitive tests compared with placebo. Neither vitamin therapy nor
changes in plasma tHcy, serum MMA, serum vitamin B-12, plasma
folate, or whole-blood folate correlated with changes in movement
or cognitive performance.
Conclusions: High plasma tHcy and serum MMA were prevalent
and correlated inversely with movement and cognitive performance.
Oral B vitamin treatment normalized plasma tHcy and serum MMA
concentrations but did not affect movement or cognitive perfor-
mance. This might have been due to irreversible or vitamin-
independent neurocognitive decline or to an insufficient dose or
duration of vitamins. Am J Clin Nutr 2005;81:1155–62.
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INTRODUCTION

The clinical significance of vitamin B-12, folic acid, and vi-
tamin B-6 deficiency, as defined by laboratory measures, is un-
resolved (1–3). Correlations between low vitamin status and
poor cognitive function have been found in community-dwelling

elderly subjects (4–9), prospective community-based studies
(10–12), and neuropsychiatric patients (13–17). Some open
studies have shown correlations between vitamin supplementa-
tion and cognitive improvement (18–21), whereas double-blind
placebo-controlled studies diverge in outcome (22, 23).

Total plasma homocysteine (tHcy) concentrations are ele-
vated in Parkinson disease (24), a disorder that also carries an
increased risk of depression (25) and other mental disturbances
(26). L-Dopa can cause hyperhomocysteinemia in Parkinson dis-
ease patients and the extent is influenced by B vitamin status (27).
Gait abnormalities in elderly nondemented subjects have been
found to be a significant predictor of non-Alzheimer dementia
(28). Plasma tHcy correlated with a subsequent decline in phys-
ical functioning during 3 y in subjects aged 70–79 y (29).

Reasons for the neurocognitive impairment from vitamin
B-12, folic acid, and vitamin B-6 deficiencies are an inadequate
supply of methyl groups, DNA damage, and premature apoptosis
caused by disturbed methionine and folate metabolism (30, 31).
Furthermore, homocysteine is toxic to neurons (32–34), vascular
endothelial cells (35), and connective tissue (36).

Normalization of laboratory vitamin status in the elderly may
be accomplished with oral vitamins but the clinical significance
remains unclear. The relations between vitamin status (including
related metabolites) and cognitive and movement performance
in the elderly have, to our knowledge, not yet been investigated.
Furthermore, the diagnosis of clinical vitamin deficiency is con-
troversial.

The aims of the present study were to investigate, in an elderly
population, any association between movement and cognitive
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performance and vitamin status and whether treatment with ther-
apeutic doses of vitamins B-12, folic acid, and vitamin B-6 im-
proved this clinical performance.

SUBJECTS AND METHODS

Subjects

The total study group comprised 209 community-dwelling
men and women with a mean age of 76 y and 5 mo (37). At
baseline, all subjects underwent cognitive testing. One hundred
ninety-five persons (117 women and 78 men) were also investi-
gated with the Postural-Locomotor-Manual (PLM) test (Table
1). Of these 195 subjects, 126 were randomly assigned to receive
vitamin therapy and 69 to receive placebo. The vitamin and
placebo groups were well balanced with respect to baseline lab-
oratory tests, movement and cognitive performance, and medi-
cation use for neurologic and cardiovascular disorders (Table 1).

Subjects in the vitamin group received a daily tablet contain-
ing 500 �g cyanocobalamin, 800 �g folic acid, and 3 mg vitamin
B-6 hydrochloride (manufactured and supplied by Recip AB,
Årsta, Sweden), and all subjects in the placebo group received an
identical (other than the vitamin content) placebo tablet. The
duration of the intervention was 4 mo. To ensure compliance, all
subjects received a specified blinded number of tablets, and at the
end of the study, the number of remaining tablets was compared
with the initial number and planned intake during the study

period. Informed consent was obtained from all probands, and
the Research Ethics Committee of the Medical Faculty of Göte-
borg University approved the protocol.

Postural-Locomotor-Manual test

Movement performance (n � 195) was measured with a
Postural-Locomotor-Manual (PLM) test, a noninvasive opto-
electronic technique using infrared light (Qualisys AB, Göte-
borg, Sweden). The PLM test (38) consists of a complex motion
during which the patient moves an object from the floor 1.5 m
forward and positions it on a stand at the height of their chin
(Figure 1). Six reflective markers are placed on the right side of
the head, shoulder, elbow, hip, ankle, and left foot of each sub-
ject. The seventh marker is placed on the test object, a metal
handle fastened to a cylindrical horizontal plate weighing 550 g.
A camera system registers the infrared light pulses reflected from
the markers. The position of the markers is calculated 50 times/s
as 2-dimensional (x, y) Cartesian room coordinates and is stored
in a computer. The coordinate data are processed by using com-
mercially available software, the PLM program. The time taken
1) to move the object from the floor to the shelf (movement time;
MT), 2) to raise the body after the object is picked up (postural
phase; P phase), 3) to move the feet from start until stop in front
of the stand (locomotor phase, L phase), and 4) for the goal-
directed active arm movement to lift up and place the object on
the stand (manual phase; M phase) were calculated. The overlap

TABLE 1
Observations in the vitamin and placebo groups at the start of the study

Vitamin group
(n � 126)

Placebo group
(n � 69) P1

Age (y) 75.7 � 4.72 75.6 � 4.0 NS
Men (%) 38 44 NS
BMI (kg/m2) 25.8 � 3.2 25.1 � 3.8 0.04
Smokers (%) 14 9 NS
Dropouts (%) 13 16 NS
Use of cardiovascular medication (%) 47 49 NS
Use of antiepileptics, neuroleptics, or antidepressants (%) 22 23 NS
PLM test (s)

Movement time 2.1 � 0.6 2.1 � 0.5 NS
Postural phase 0.9 � 0.2 0.9 � 0.1 NS
Locomotor phase 1.6 � 0.4 1.5 � 0.3 NS
Manual phase 1.4 � 0.4 1.4 � 0.4 NS
Simultaneity index 1.8 � 0.2 1.9 � 0.1 NS

Cognitive test (score)
Digit span forward 5.8 � 1.1 5.9 � 1.2 NS
Digit span backward 4.5 � 1.2 4.6 � 1.0 0.11
Identical forms 23.2 � 7.7 24.6 � 7.6 NS
Visual reproduction 6.9 � 3.0 7.0 � 2.9 NS
Synonyms 22.4 � 4.8 22.6 � 4.8 NS
Block design 18.3 � 6.3 19.8 � 7.2 0.18
Digit symbol 35.4 � 9.9 37.8 � 11.4 0.18
Thurstone’s picture memory test 20.5 � 4.5 21.0 � 3.9 NS
Figure classification 15.8 � 4.6 16.6 � 4.6 NS

Serum measurements
Vitamin B-12 (pmol/L) 305 � 130 359 � 198 0.06
Methylmalonic acid (�mol/L) 0.22 � 0.1 0.22 � 0.1 NS
Creatinine (�mol/L) 101 � 15.9 101 � 18.8 NS
Iron (�mol/L) 15.8 � 4.5 15.8 � 4.3 NS
Iron-binding capacity (�mol/L) 56.3 � 6.5 55.0 � 7.1 NS

Plasma measurements
Folate (nmol/L) 15.7 � 6.1 16.4 � 5.1 NS
Total homocysteine (�mol/L) 17.8 � 5.5 16.1 � 4.5 0.07

1 Age and sex-adjusted P values (n � 195). Comparisons between groups made according to the method of O’Brien (48).
2 Unadjusted x� � SD (all such values).
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of the different phases is illustrated by using the simultaneity
index (SI), as calculated from the sum of the P, L, and M phase
durations divided by the MT: SI � (P � L � M)/MT. A high SI
value (near 2.0) indicated good coordination of the P, L, and M
phases into a smooth and efficient body movement, whereas a
value approaching 1.0 represented poor motor coordination with
more sequential performance of the phases. Each subject per-
formed 5 PLM trials; the last 2 were analyzed, and the fastest was
used for further analyses. Data were selected from a representa-
tive file according to a previously described method (38–41).
The variables chosen to represent the PLM test in statistical
analyses were MT, which is an indicator of the overall movement
performance in this test, and the SI, which measures the coordi-
nation of different parts (ie, phases) of the motor act.

Cognitive tests

Cognitive testing was conducted by the same psychologist
(GS) at baseline and after 4 mo. A comprehensive battery of
cognitive tests was administered to characterize the overall level
of cognitive abilities among the probands. Testing took �1 h. All
tests except the memory test had time limits. Test scores were
equal to the number of correct responses, except for figure group-
ing and identical forms, where corrections were made for
guesses. In the analysis directed toward potential relations across
markers of vitamin status and movement performance we fo-
cused on tests measuring psychomotor ability and mental speed,
eg, the digit symbol test and block design. The following tests
were used on the 2 occasions:

digit span forward/backward, which measures short-term
memory. The subjects have to reproduce a series of digits, which
increase gradually. In the backward version, the subjects have to
repeat the digits backward. The maximum (best) score is 9 in the
forward and 8 in the backward subtests (42, 43).

identical forms, which measures perceptual speed. This test
contains 60 items of identification. For each item, a complex
figure is compared with 5 other figures, and the one that is
identical is marked. The maximum (best) score is 60 (44).

visual reproduction, which is a measure of visual memory. In
this test 4 drawings are shown to the tested subject to be remem-
bered and reproduced. The function is dependent on the memory

for visuospatial relations but also to some extent to motor func-
tions. The scoring followed the Wechsler Memory Scale (42).
The maximum (best) score is 14.

synonyms, which measures verbal ability. The subjects have
to select from among 5 words a synonym for a given word. The
maximum (best) score is 30 (44).

block design, which measures spatial ability. This test consists
of 7 designs that have to be made out of red, white, and red and
white blocks. The maximum (best) score is 42. Bonuses are given
for rapid performances (43, 44).

digit symbol, which is a test of perceptual speed with a time
limit of 90 s. The subjects are asked to replace digits with symbols
according to an existing code. This presumes concentration, sus-
tained attention, learning, visual-motor coordination, and cogni-
tive flexibility. This test has also been used as a biomarker of
aging in many studies. The maximum (best) score is 90 (43).

Thurstone’s Picture Memory Test, which measures long-term
memory. The subjects look at 28 pictures consecutively, which
are presented at a rate of every 5 s; they are later asked to identify
the picture among 4 similar pictures. The pictures were enlarged
to minimize problems due to vision impairments in the subjects.
The maximum (best) score is 28 (44, 45).

figure classification, which measures inductive reasoning. In
each item, 5 figures are given. The figure that is different from the
others is to be marked. The maximum (best) score is 30 (45).

Blood sampling and laboratory methods

Blood samples were collected at the start of the study and after
1 and 4 mo. Samples were obtained with the subjects in a recum-
bent position, after an overnight fast. Laboratory methods are
described in detail elsewhere (37). Serum methylmalonic acid
(MMA) was measured by using capillary gas chromatography
and mass spectrometry (46). Plasma tHcy was measured by
using HPLC with fluorescence detection (47). The current
health-related upper reference limits for routine clinical use
by the laboratory were 16 �mol/L for plasma tHcy and 0.34
�mol/L for serum MMA, defined as the 97.5% percentile of
values of blood donors and healthy persons aged 20 – 60 y (no
age or sex difference).

Statistical analysis

In testing for differences between 2 groups, a method accord-
ing to O’Brien was used (48), which provided a means of ana-
lyzing differences in not only the mean values (location) but also
in distribution, ie, location as well as shape and SD. Partial
correlation coefficients, adjusted for age and sex, were calculated
between vitamin status and PLM and between vitamin status and
cognitive performance, respectively. Multiple regression analy-
ses, adjusted for age, sex, smoking habits, and serum creatinine
were conducted for selected PLM and cognitive variables. In
addition, stepwise multiple regression analysis with both demo-
graphic and laboratory variables as possible explanatory vari-
ables was performed. Possible effects of vitamin treatment were
analyzed with a pairwise test of change within each group, which
was followed by a test of differences in mean change between
both groups. Two-tailed tests were used throughout, and a sig-
nificance level of P � 0.05 was considered statistically signifi-
cant. Non-Gaussian distributions were log transformed. The
software used was part of a statistical program system developed
at the Department of Geriatric Medicine, Göteborg University.

FIGURE 1. Schematic of the Postural-Locomotor-Manual test.
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RESULTS

The study population was described in terms of the numbers in
each test group and the reduction in numbers of the total study
group (Figure 2). The number of participants in both the PLM
and cognitive tests was 195 at start of the study and 171 after 4
mo. At the end of the study, 162 participants could be evaluated
with the PLM tests, 179 with the cognitive tests, and 161 with
both tests. Dropouts and excluded subjects (n � 48) were slightly
older than and had longer MTs and L phases than did the remain-
ing participants (n � 161). There were no significant differences
in cognitive performance and laboratory values between the
groups (data not shown).

Univariate analysis at baseline

High plasma tHcy concentrations, as defined by laboratory
reference intervals (�16 �mol/L), were found in 64% of the men
and in 45% of the women; high serum MMA (�0.34 �mol/L)
concentrations were found in 11% of both sexes (37). Serum
MMA, plasma folate, whole-blood folate, and serum vitamin
B-12 correlated significantly with plasma tHcy, but serum vita-
min B-12 did not correlate with serum MMA (Table 2). Four of
5 PLM components correlated with plasma tHcy and 2 with
serum MMA. Seven of 9 components of the cognitive perfor-
mance tests correlated with plasma tHcy and 3 with serum MMA
(Table 2). There were no significant correlations across plasma
and blood folate concentrations and PLM and cognitive vari-
ables. Serum vitamin B-12 correlated only with the digit span
backward test (r � 0.22, P � 0.01) and with none of the PLM
variables (data not shown). MT, L phase, M phase, and SI cor-
related significantly with all cognitive variables, except SI,

which did not correlate with digit span forward or synonyms. The
P phase correlated with digit span forward (r � �0.15, P � 0.04)
and synonyms (r � �0.18, P � 0.05). Subjects defined as being
vitamin B-12 deficient (7.2%) (37) showed inferior MT, SI,
visual reproduction, and block design compared with nondefi-
cient subjects, whereas subjects defined as folate deficient (11%)
did not show such differences. However, in the total study group,
the vitamin concentrations were not related to movement or
cognitive performance, except for the correlation between serum
vitamin B-12 and digit span backward.

Multivariate analysis at baseline

Multivariate analyses, adjusted for age, sex, smoking habits,
and serum creatinine, were performed with 2 movement and 2
cognitive variables as dependent variables (Table 3). MT cor-
related with plasma tHcy, SI with serum MMA, digit symbol
with plasma tHcy, and block design with plasma tHcy and serum
MMA. Further multivariate regression models, including sex,
smoking habits, blood hemoglobin, erythrocyte mean cell vol-
ume, whole-blood folate, serum creatinine, serum vitamin B-12,
plasma folate, transferrin saturation, and anamnestic and lab-
oratory exclusion criteria indicating a nonhealthy state (37),
were also performed (data not shown). Significant correla-
tions were found for the same variables, except for block
design versus serum MMA. In this extensive multivariate
analysis, inferior performance in all 4 dependent variables
correlated independently with age and in 3 (digit symbol,
block design, and MT) with plasma tHcy. Male sex correlated
with superior performance in MT and block design.

FIGURE 2. The number of subjects undergoing the Postural-Locomotor-Manual (PLM) test, the cognitive test, and both tests at different times of the study.
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Intervention study

Plasma tHcy and serum MMA

Mean plasma tHcy values decreased by 32% and mean serum
MMA by 14% in vitamin-treated subjects. These significant
changes resulted in a distribution of these values similar to those
of younger healthy subjects (37).

Movement and cognitive function

The mean time span for the PLM tests became somewhat
shorter in both groups after 4 mo, but the differences between the
vitamin and the placebo groups were not significant (Table 4).
Improvements in the cognitive tests were observed in both
groups. For identical forms and synonyms, the mean scores of the

TABLE 2
Laboratory measures, Postural-Locomotor-Manual (PLM) and cognitive tests, and correlations at the start of the study1

n x� � SD

Correlations2 with

Plasma tHcy Serum MMA

r P r P

Serum MMA (�mol/L) 208 0.22 � 0.10 0.35 �0.001 — —
Plasma tHcy (�mol/L) 209 17.2 � 5.41 — — — —
Plasma folate (nmol/L) 209 16.0 � 6.61 �0.33 �0.001 �0.04 NS
Whole-blood folate (nmol/L) 209 351 � 134.9 �0.16 0.020 �0.05 NS
Serum vitamin B-12 (pmol/L) 209 325 � 159.3 �0.15 0.029 �0.11 0.10
PLM test (s)

Movement time 195 2.10 � 0.58 0.27 �0.001 0.16 0.023
Postural phase 195 0.91 � 0.15 0.11 0.13 0.002 NS
Locomotor phase 195 1.54 � 0.36 0.21 �0.01 0.08 NS
Manual phase 195 1.37 � 0.41 0.23 �0.01 0.11 0.12
Simultaneity index 195 1.85 � 0.16 �0.16 0.026 �0.20 �0.01

Cognitive test (score)
Digit span forward 209 5.80 � 1.12 �0.14 0.039 �0.05 NS
Digit span backward 209 4.46 � 1.14 �0.16 0.018 �0.12 0.1
Identical forms 206 23.49 � 8.05 �0.21 �0.01 �0.08 NS
Visual reproduction 205 6.88 � 2.99 �0.18 �0.01 �0.21 �0.01
Synonyms 202 22.42 � 4.89 �0.14 0.045 �0.01 NS
Block design 207 18.74 � 6.89 �0.28 �0.001 �0.20 �0.01
Digit symbol 204 35.83 � 10.78 �0.20 �0.01 �0.11 0.12
Thurstone’s picture memory test 205 20.57 � 4.54 �0.06 �0.2 �0.08 NS
Figure classification 205 15.94 � 4.78 �0.10 0.15 �0.15 0.03

1 MMA, methylmalonic acid; tHcy, total homocysteine.
2 Partial (adjusted for age and sex) correlation coefficients.

TABLE 3
Multiple regression model (in the total study group) of the correlation between movement time, simultaneity index, digit symbol, block design, and
laboratory variables at the start of the study1

Dependent variable n
Explanatory

variable
Regression

coefficient (�) R2 P

Movement time 194 Serum MMA 0.68 0.13 NS
195 Plasma tHcy 0.024 0.15 �0.01
195 Plasma folate �0.0054 0.12 NS
195 Whole-blood folate �0.000022 0.12 NS
195 Serum vitamin B-12 �0.00032 0.12 NS

Simultaneity index 194 Serum MMA �0.29 0.11 �0.05
195 Plasma tHcy �0.0033 0.09 NS
195 Plasma-folate �0.000056 0.08 NS
195 Whole-blood folate �0.000085 0.08 NS
195 Serum vitamin B-12 0.000070 0.08 NS

Block design 206 Serum MMA �12.21 0.16 �0.05
207 Plasma tHcy �0.31 0.17 �0.01
207 Plasma folate 0.029 0.13 NS
207 Whole-blood folate �0.0031 0.13 NS
207 Serum vitamin B-12 0.0028 0.13 NS

Digit symbol 203 Serum MMA �11.08 0.10 NS
204 Plasma tHcy �0.38 0.12 �0.05
204 Plasma folate 0.083 0.10 NS
204 Whole-blood folate �0.004 0.10 NS
204 Serum vitamin B-12 0.0038 0.10 NS

1 Values were adjusted for age, sex, smoking habits, and serum creatinine. See Table 1 for units. MMA, methylmalonic acid; tHcy, total homocysteine.
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placebo group increased more than did those of the vitamin
group, and these differences were significant. The univariate
correlations at baseline between serum MMA and plasma tHcy
and movement and cognitive performance remained significant
after treatment in both the placebo- and vitamin-treated groups
(data not shown). Neither basal plasma tHcy, serum MMA, se-
rum vitamin B-12, plasma and whole-blood folate nor changes in
these components during the treatment period or vitamin therapy
per se showed any associations with change in movement or
cognitive performance.

DISCUSSION

In this population of community-dwelling elderly subject, de-
ficiency of vitamin B-12 was observed in 7.2% and of folic acid
in 11%. High plasma tHcy concentrations were common (64% in
men, 45% in women), and high serum MMA concentrations were
present in 11% of the population (37). Almost all cognitive tests
correlated inversely with plasma tHcy before treatment. These
results are consistent with previous findings (4, 9, 12, 13). In
addition, we found correlations between both movement and
cognitive performance on the one hand and serum MMA on the
other. However, the influence of vitamin concentrations on per-
formance in the total study population was limited. This is con-
sistent with some reports (4, 12), but conflicts with others (5, 49).
These discrepancies are presumably due to differences between
populations with regard to health status, sex, and age and to
methodologic differences.

Multivariate analyses showed significant and independent
correlations between movement and cognitive performance and
plasma tHcy and serum MMA concentrations. A novel finding in
this study was the indication of different significances of metab-
olite levels for different aspects of movement and cognitive per-
formance (Table 3).

MT and decreased mobility, in both legs and arms (L and M
phases), correlated with plasma tHcy. Slow MT and poor coor-
dination of the motor act (SI) correlated with serum MMA. MT
in the PLM test was previously shown to be associated with
vascular disease, brain atrophy, and cerebral white matter lesions
in the elderly (40, 41, 50). SI deteriorates with age (40), in
Parkinson disease (51), and in normal-pressure hydrocephalus
(52). The speed (MT) and coordination (SI) of the motor function
in many Parkinson disease patients have been shown to indicate
deficient functioning of certain brain regions, eg, basal ganglia
(51, 52). It is noteworthy that the SI was able to measure the
coordinative motor capacity in the brain in these patients.
Whether movement deterioration, which resembles early Par-
kinsonism (53, 54) and was seen in this study, is preventable with
vitamin supplementation needs to be confirmed in controlled
trials. The associations between plasma tHcy and movement
performance have not been extensively investigated. In a longi-
tudinal study, a decline in physical function over a 3-y interval
correlated with baseline plasma tHcy (29).

The findings in this study support the assumption of a possible
connection between high blood concentrations of plasma tHcy
and serum MMA and impaired function in brain regions that
execute and coordinate movements in the elderly. Furthermore,
the correlations of the 2 metabolites with functional abilities in
elderly persons were not parallel, which suggests different patho-
physiologic mechanisms.

No significant clinical improvement could be ascribed to vi-
tamin therapy. The PLM test and most cognitive tests improved
both in the vitamin- and placebo-treated groups. However, the
changes were numerically very small and probably attributable
to a practice effect and general familiarity with the testing. The
univariate correlations at baseline between the metabolites and
movement and cognitive performance remained at follow-up and
were essentially unchanged after the intervention. This finding

TABLE 4
Movement and cognitive performance at baseline, mean changes after treatment, and P values for differences in mean changes between the vitamin and
placebo groups1

Vitamin group Placebo group

P4n Before treatment2 After treatment (change)3 n Before treatment2 After treatment (change)3

PLM test (s)
Movement time 105 2.08 � 0.6 �0.06 � 0.04 57 2.00 � 0.4 �0.07 � 0.05 NS
Postural phase 105 0.91 � 0.2 �0.02 � 0.01 57 0.91 � 0.1 �0.03 � 0.01 NS
Locomotor phase 105 1.53 � 0.4 �0.05 � 0.02 57 1.49 � 0.3 �0.07 � 0.03 NS
Manual phase 105 1.37 � 0.4 �0.06 � 0.03 57 1.32 � 0.3 �0.07 � 0.04 NS
Simultaneity index 105 1.86 � 0.2 �0.001 � 0.01 57 1.87 � 0.1 �0.01 � 0.02 NS

Cognitive test (score)
Digit span forward 115 5.8 � 1.1 0.24 � 0.09 64 5.9 � 1.2 0.33 � 0.14 NS
Digit span backward 115 4.4 � 1.2 0.25 � 0.09 64 4.6 � 1.0 0.22 � 0.16 NS
Identical forms 115 23.3 � 7.6 0.13 � 0.37 61 24.8 � 8.1 1.5 � 0.56 0.039
Visual reproduction 113 6.9 � 3.1 0.61 � 0.23 62 7.0 � 3.0 0.6 � 0.28 NS
Synonyms 110 22.5 � 4.7 0.31 � 0.25 61 22.4 � 5.0 1.3 � 0.3 0.017
Block design 114 18.5 � 6.3 0.99 � 0.37 61 20.0 � 7.7 0.80 � 0.50 NS
Digit symbol 113 35.1 � 10.0 0.95 � 0.52 62 38.0 � 12.1 2.31 � 0.51 0.093
Thurstone’s picture memory test 115 20.3 � 4.8 1.75 � 0.30 63 21.1 � 3.9 2.41 � 0.42 0.197
Figure classification 113 15.8 � 4.8 1.45 � 0.33 62 16.8 � 4.9 0.60 � 0.55 0.164

1 PLM, Postural-Locomotor-Manual. There were no significant differences in baseline values between the vitamin and placebo groups.
2 All values are x� � SD.
3 All values are x� � SEM.
4 Two-sample t test of the differences in mean change between the vitamin and placebo groups.
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indicates a lack of significant clinical response to vitamin therapy
in the present study.

The vitamin doses were chosen to treat pronounced deficien-
cies of these vitamins. The vitamin B-12 dose of 0.5 mg is 250
times the current US recommended daily allowance (55) and, as
for the dose of folic acid, is considered adequate (56–59). Cor-
relations were found between duration of cognitive symptoms
and neurologic symptoms and response to therapy (20, 60). In a
placebo-controlled study, the vitamin doses used were lower
than those in the present study but were given for 12 mo instead
of 4 mo and led to significant improvements in almost all cog-
nitive tests (23). The duration of both symptoms and therapy
might also be important in this community-dwelling, essentially
nondemented, and mobile population. Instead of analyzing the
group in terms of men and women, we adjusted for sex in the
analyses. A possible differential role of vitamin status in women
and men needs to be studied in larger sample sizes.

The short duration of the intervention and the relatively small
sample size were limitations of the study. Its strengths were the
use of an optoelectronic method, which enabled an objective and
precise measurement of the subject’s mobility of the upper and
lower extremities and of movement coordination, and the com-
prehensive cognitive test battery. Further studies are needed to
investigate the importance of the different B vitamins for various
neurocognitive functions.

In summary, high concentrations of plasma tHcy and serum
MMA were more common than were actual vitamin B deficien-
cies in this population of community-dwelling elderly subjects.
Plasma tHcy and serum MMA correlated independently and
differently with movement and cognitive performance, which
suggests different pathophysiologic mechanisms. However, 4
mo of oral vitamin treatment normalized plasma tHcy and serum
MMA but failed to improve movement and cognitive perfor-
mance. This result might be attributable to irreversible or
vitamin-independent neurocognitive decline or to an insufficient
dosage of vitamins or duration of vitamin treatment.
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