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Effects of Vitamin B12 on Performance and 
Circadian Rhythm in Normal Subjects 
Geert Mayer, M.D., Margarete Kroger, M.D., and Karlheinz Meier-Ewert, M.D. 

This preliminary study investigates effects of methyl- and 
cyanocobalamin on circadian rhythms, well-being, 
alertness, and concentration in healthy subjects. Six women 
(mean age 35 years) and 14 men (mean age 37 years) were 
randomly assigned to treatment for 14 days with 3 mg 
cyano-(CB12) or methylcobalamin (MB12) after 9 days of 
pre-treatment observation. Levels in the CB12 group 
increased rapidly in the first, then slowly in the second 
treatment week, whereas increase in the MB12 group was 
linear. Urinary aMT6s excretion was reduced by both forms 
of vitamin B12 over 24 hours with a significant decrease 
between 0700-1100 hours, whereas urinary excretion of 
potassium was significantly increased between 0700-1100 
hours. Activity from 2300-0700 hours increased 
~------
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In recent years, numerous authors have reported the 
therapeutic benefits of vitamin B12 in treating sleep
wake disorders (Kamgar-Parsi et al. 1983; Okawa et al. 
1990; Ohta et al. 1991; Takahashi 1992; Yamazaki et al. 
1991; Maeda et al. 1992). Most of these authors used the 
activated form of vitamin B12, methylcobalamin (Esai 
Company), which is not available in Europe. In animal 
experiments, it shows a better transport to organelles 
within nerve cells than cyanocobalamin. Preliminary re-
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significantly under both forms of vitamin B12. Sleep time 
was significantly reduced under MB12 intake. In this group 
the change in the visual analogue scales items "sleep 
quality," "concentration," and ''.feeling refreshed" between 
pretreatment and the first week of treatment showed 
significant correlations with vitamin B12 plasma levels. 
Cortisol excretion and temperature were not affected by 
either medication. We conclude that vitamin B12 exerts a 
direct influence on melatonin. Only MB12 has a positive 
psychotropic alerting effect with a distribution of the sleep
wake cycle toward sleep reduction. © 1996 American 
College of Neuropsychopharmacology 
[Neuropsychopharmacology 15:456-464, 1996] 

sults of a Japanese Multicenter study (Takahashi 1992) 
show that two-thirds of 75 patients with sleep-wake 
disorders benefit from methylcobalamin medication at 
doses ranging from 1.5 to 3.0 mg. 

Vitamin B12 seems to exert influence on biological 
rhythms by shortening the length of sleep-wake rhythm, 
improving the entrainment of the endogenous sleep
wake cycle to the environmental 24-hour rhythm 
(Okawa et al. 1990), and by affecting the circadian com
ponent of sleep propensity (Ohta et al. 1991). In addi
tion vitamin B12 has been reported to increase light sen
sitivity by affecting melatonin secretion (Yamazaki et al. 
1991; Honma et al. 1992). 

In a study using healthy subjects, Honma et al. (1992) 
found a significant phase advance of the melatonin 
rhythm plus a decreased mean 24-hour plasma melato
nin level comparing vitamin B12 application with pla
cebo condition. Yamazaki et al. (1991) found no phase 
change of circadian rhythms in healthy subjects. They 
reported improvements in vigilance and concentration 
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and, in some cases, mood. Using a constant routine pro
cedure with five healthy male subjects, Uchiyama et al. 
(1995) found that vitamin B12 improved alertness. 

This study was carried out in order to determine 
whether to use the cyanocobalamin or methylcobal
amin form of vitamin B12 in further planned experi
ments of circadian rhythm disorders. We used a be
tween-subjects design with random assignment of 
healthy subjects to one of the two treatment conditions 
and tested effects on circadian rhythms, well-being, 
concentration, and alertness. Due to the preliminary 
character of the study, we decided against the inclusion 
of a control group. 

METHODS 

Subjects 

Six healthy women (mean age 35.17 years) and 14 men 
(mean age 37.2 years) of our clinic staff participated in 
the study after giving their informed consent. Exclusion 
criteria included disorders of excessive daytime sleepi
ness, chronic intake of any kind of medication, fasting, 
infectious diseases, diarrhea, chronic consumptive dis
eases, vegetarian diet, pregnancy and breastfeeding, 
disorders of gastrointestinal resorption (including Bill
roth), oral or intravenous administration of vitamin B12 
within the last 3 months and shift work beyond 2100 
hours. Subjects with actigraphic variations of the rest 
activity cycle of more than 1 hour daily (except for 
weekends) were excluded. 

Subjects were randomly assigned to either the cyano
cobalamin (CB12) or methylcobalamin (MB12) group in 
a single-blind fashion. There was no placebo control 
group. Mean age was 36.6 ±: 5.2 years in the CB12 
group and 36.2 ±: 5.2 years in the MB12 group. One 
male participant in the MB12 group was excluded for 
noncompliance. Participants were asked to avoid exces
sive physical activity (Monteleone et al. 1990), excessive 
consumption of alcohol and food, and to keep regular 
sleep-wake habits (as determined by a diary kept the 

Table 1. Study Design 
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week before the study). They were allowed to sleep 2 
hours longer on weekends. Four subjects (two women 
in the CB12, one woman and one man in the MB12 
group) were on shift duty. They kept the same shift one 
week before the beginning and throughout the study 
(daytime work from 0600-1400 hours and 1300-2100 
hours). 

Study Design 

Study length was 23 days-9 days of pretreatment and 
14 days of intake of vitamin B12 3mg at 0700 hours (Ta
ble 1). The study was conducted in December and Janu
ary with darkness prevailing from 1703-0826 hours 
(range 1616-1713, 0804-0826 hours with two lux at 
dusk and dawn) in the geographic area. On weekdays, 
participants were mainly exposed to artificial light in
side and outside the hospital (inside hospital range 
0500-0575 lux). 

Methods 

Cole et al. (1992) and Sadeh et al. (1989) used actigraphy 
to distinguish sleep and wake. With their actigraphs 
and algorhythms they found an accuracy rate of 86.2% 
to 87.9% in normal subjects. We used actigraphs by 
Firma ZAK Simbach, Germany. The one axis piezo ac
celeration recorders have a zero-crossing, nonevent 
mode, counting O to 240 impulses every 2 to 3 minutes 
at a minimal sensitivity of 0.1 g and were worn on the 
wrist of the nondominant hand. Well-being was rated 
by visual analogue scales (VAS) 0 to 100 mm filled out 
twice daily. The morning VAS covered patients' feeling 
fresh-tired, having had a good night-bad night, their 
feeling excited-calm plus their estimate of night sleep 
duration. The evening VAS assessed their feeling fresh
tired and unconcentrated-concentrated. 

On days 1 and 2, 8 and 9, 15 and 16, 22 and 23, we 
measured rectal temperature (Wever 1979; Czeisler et 
al. 1986) on a 2- or 3-minute basis (Firma ZAK), the 
plasma levels of vitamin B12 (drawn at 0800 hours) and 
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cortisol (RIA Firma Hermann Behrmann, Bad Nau
heim, Germany) via salivettes at 0700 hours and 1800 
hours (Al-Ansari et al. 1982; Laudat et al. 1988). Urine 
was collected from 0700-1100, 1100-1500, 1500-1900, 
1900-2300 and 2300-0700 hours for evaluation of 6-sul
phatoxymelatonin = aMT6 (Aldhous and Arendt 1988) 
and potassium and sodium as other markers of the en
dogenous circadian oscillator. To determine concentra
tion, two consecutive d2 tests (measuring concentration 
and speed by visually identifying given items and eras
ing them) were performed collectively at 1200 hours. 
The score comprised total number of reactions (600) mi
nus wrong reactions. 

Sleep was evaluated according to a software sup
plied by the manufacturer (ZAK) of the actigraph using 
a three-threshold paradigm (Pollmacher and Schulz 
1987). Threshold for sleep was set at 6 counts/minute, 
14 counts/minute for awakening and 20 counts/minute 
for sleep disruption for at least 2 minutes. Given the in
structions concerning food and beverage consumption 
as well as excessive activity, we felt that four repeated 
measurements for all parameters over 48 hours were 
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tolerable for the subjects and would suffice to indicate 
changes in the circadian parameters despite masking ef
fects, i.e., the product of changes in the activity of the 
subject that is superimposed on an endogenous circa
dian rhythm. 

Statistical Methods 

The SPSS program package was used to calculate the 
following statistics: two-tailed t-test, analysis of vari
ance and covariance for repeated measurements, and 
Spearman's correlation ranks. For all tests, the means of 
days 1, 2, 8, and 9 were determined as pretreatment. 
T-tests, performed for independent groups, were auto
matically tested for inhomogeneity of variance. In this 
case t-test values and the respective probabilities for 
"separate variance estimate" are referred to in the re
sults. In case of homogeneous variance, the values are 
listed for "pooled variance estimate." The F-values for 
testing of inhomogeneity of variance are not listed ex
plicitly. 

Routine testing of repeated measurements of analy-

pg/ml (thousands) 
2500.--------------------~2500 

* 
2000 2000 

1500 1500 

1000 1000 

500 500 

0 
Pretreatment 1. week 812 2. week 812 

• MB 1 2 rn CB 1 2 0 se 
(n = 8) (n = 9) 

Figure 1. Mean vitamin B12 plasma levels before and during vitamin B12 treatment. Black bars represent mean vitamin B12 
plasma levels of the MB12 group, hatched bars those of the CB12 group, white bars represent standard error during pretreat
ment (days 1,2,8,9) and during first and second week of vitamin B12 treatment. Anova revealed a significant time effect(F = 
41,38, p = 0,000) and a significant group effect (F = 7,48, p = 0,016) on the difference as indicated by asterisk. 
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sis of variance was performed for inhomogeneity of 
variance (Bartlett-Box-Test). Our data never contained 
inhomogeneous variances. For independent variables 
analysis of variance for comparison of groups of differ
ent sizes automatically interpolated to a common group 
size. For dependent variables, cell size is automatically 
identical. 

Temperature acrophase, mesor, and nadir were cal
culated by fitting a curve to the plotted raw data, using 
the locally weighted least squared error method, which 
weights the data to find the best smooth curve through 
the plot. Statistically smoothing factor was determined 
to be 5% for a 48-hour record (program according to 
manual of Kaleida Graph I, version 2.0.2 by Abelbeck 
software). 

Pre-treatment Differences in Laboratory Parameters 

During pretreatment, the CB12 group (n = 10) differed 
from the MB12 group (n = 9) by a higher mean of vita
min B12 levels (437 ± 14.9 vs 311.2 ± 18.6 pg/ml, p < 
.0001), a longer mean total sleep time (438.3 ± 9.4 vs 
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392.1 ± 8.9 min, p < .0001) and an earlier average mid
sleeptime (3:35 vs 3:12 hours, p = NS). 

The last two points suggest that the increased fre
quency of morning types in the CB12 group and of 
evening types (Horne et al. 1980) in the MB12 group 
was accidental. No differences were found in intraindi
vidual temperature amplitude and acrophase and in
traindividual sleep-wake habits except for weekends, 
which generally showed the expected delay of going to 
bed and getting up by almost 2 hours. Subjects on shift 
work did not get up or go to bed earlier or later com
pared with their previous shifts. 

RESULTS 

Effects Common to Cyano- and Methylcobalamin 

Under treatment, mean vitamin B12 plasma levels in
creased significantly compared with the pretreatment 
period levels (p < .001) (see Figure 1). 

Urinary aMT6s excretion was measured at five col
lection intervals. Both forms of vitamin B12 triggered a 
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Figure 2. Mean urinary aMT6s excretion during 24 hours before and after vitamin B12 treatment. Black bars represent mean 
urinary aMT6s excretion at five consecutive intervals of the MB12 group, hatched bars those of the CB12 group, white bars 
represent standard error during pretreatment (pre = days 1,2,8,9) and during first and second week of vitamin B12 treatment. 
Anova revealed a significant time effect for MB12 and CB12 on the difference at the time interval 7-11 hours (F = 5,84, p = 
0,007) and an almost significant time effect at the time interval 11-15 hours (f = 2,73, p = 0,08) as indicated by asterisks. 
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significant decrease in the interval between 0700-1100 
hours (p < .007) (Figure 2) and a trend toward a signifi
cant decrease in the interval from 1100-1500 hours com
pared with pretreatment levels. For the majority of sub
jects, urinary aMT6s excretion peaked during the night, 
whereas only a few showed peak excretion between 
0700-1100 hours. No significant changes were recorded 
for the remaining collection periods. 

Mean urinary potassium excretion increased nonsig
nificantly for all subjects between 0700-1100 hours dur
ing the second treatment week (Figure 3). 

In the interval from 2300-0700 hours, mean actimeter 
activity increased significantly (p < .039) (Figure 4) be
tween pre-treatment and the second treatment week. 

Despite change of sleep duration, the mid-sleep time 
stayed stable in the MB12 (from 3:35 to 3:32 hours) and 
CB12 (from 3:12 to 3:16 hours) group. 

In the d2 test, subjects in both groups had a signifi-
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cant increase (p < .001) of the mean total score at each 
measurement. ANOVA revealed a significant increase 
of mean total score from the first to the second consecu
tive test (p < .001). There was no difference between the 
groups. 

Differences between Cyano- and Methykobalamin 

In the patients treated with cyanocobalamin, the in
crease of mean plasma vitamin B12 levels under treat
ment was (group by time p < .044) greater than in the 
MB12 group (Figure 1); mean urinary excretion of po
tassium increased in weeks 1 and 2 (Figure 3). 

In the patients treated with methylcobalamin, sleep 
assessed by protocol (p < .000) and by actimetry (p < 
.036) was significantly shorter comparing pretreatment 
(387.7 ± 36 vs 400.8 ± 37.6 minutes) with second treat
ment week (345.0 ± 41.9 vs 417 ± 49.5 minutes), and 
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Figure 3. Mean urinary potassium excretion during 24 hours before and after vitamin B12 treatment. Black bars represent 
mean urinary potassium excretion at five consecutive intervals of the MB12 group, hatched bars those of the CB12 group, 
white bars represent standard error during pretreatment(pre = days 1,2,8,9) and first and second week of vitamin B12 treat
ment. Anova revealed a significant group by time effect for MB12 and CB12 on the difference at the time interval 7-11 hours 
(f = 3,43, p = 0,044) as indicated by asterisk. 
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urinary potassium excretion decreased in the first treat
ment week. 

Alerting Properties of Methylcobalamin 

Table 2 gives correlations between vitamin B12 
plasma levels and changes in the following VAS items: 

• Methylcobalamin plasma levels correlated with 
change of the items "bad-good night" towards 
"good night sleep," "unconcentrated-concentrated" 
toward "concentration," "fresh-tired in the evening" 
"freshness" comparing pre-treatment with the first 
week of treatment. 

• Cyanocobalamin plasma levels correlated with an 
increased rating of excitedness on the "excited
calm" item of the VAS from the first to the second 
week of treatment. 

Neither cyano- nor methylcobalamin caused any 
change in mean nocturnal urinary aMT6s excretion, 
mean urinary sodium excretion, amplitude of mean 
body core temperature, phase setting of the tempera
ture minimum, morning and evening cortisol concen
trations in saliva, mean diurnal activity as measured by 
actimetry, mean sleep length (actigraphy and protocol 
data). 

Analysis of covariance showed that temperature 
changes are influenced by melatonin (p < .001). 

DISCUSSION 

In this preliminary study, we investigated the difference 
between the effects of methyl- and cyanocobalamin on 
circadian rhythms, well-being, alertness, and concentra
tion. The study design took into account the difficulties 
resulting from lack of a control group and masking ef
fects, because we intended the study to be naturalistic 
and use its outcome for a further study to be performed 
under conditions of temporal isolation. 

Urinary aMT6s and urinary potassium excretion, 
both relatively stable indicators of the circadian oscilla
tor, were influenced by vitamin B12 treatment. The am
plitude of mean urinary aMT6s was lowered (except for 
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1500-1900 hours), whereas the amplitude of mean uri
nary potassium was increased. These findings corre
spond with those of Okawa et al. (1990) and Honma et 
al. (1992). Significant changes for both urinary aMT6s 
and potassium in the morning may imply an increased 
sensitivity to morning light (even if artificial and low), 
faster decline of nocturnal urinary aMT6s, and increase 
of nocturnal urinary potassium excretion as a direct ef
fect of vitamin Bl2. Because our nocturnal urinary col
lection intervals were too long, we were unable to find 
any change in urinary melatonin or potassium ac
rophase. The shortening of sleep time that we observed 
under MB12 treatment may support the hypotheses 
that vitamin B12 leads to a faster melatonin decline. 

The differences in urinary aMT6s and potassium ex
cretion between the two forms of vitamin B12 may de
pend on vitamin B12 plasma levels, which are close to 
saturation for the CB12 group and at a medium level for 
the MB12 group. If the effects are indeed vitamin B12 
plasma level dependent, we would expect more pro
nounced effects at higher MB12 levels. Differences in 
urinary potassium need to be interpreted with caution, 
because potassium excretion is depending on nutrition, 
which we did not control. Souetre et al. (1989), 
Waldhauser et al. (1990), and Dahlitz et al. (1991) found 
a high correlation between melatonin levels and sleepi
ness. We therefore expected that the suppression of 
daytime melatonin under vitamin B12 treatment would 
result in high levels of alertness. The vitamin B12-induced 
changes in visual analogue scales provide clear evi
dence of its alerting effects and correspond to the find
ings of Uchiyama et al. (1995). The findings of signifi
cantly improved night sleep and increased freshness 
and concentration throughout the day in the MB12 
group correspond well with some of the objective mea
sures, including a reduction of urinary aMT6 in the 
morning and shortened nocturnal sleep. These findings 
do not seem to be influenced by increased nocturnal 
motor activity. The correlations show a clear dose de
pendency of vitamin B12's effects on well-being. For the 
CB12 group, dose-dependent activation can only be 
found in the significant change of the item "excited
ness" between the first to the second treatment weeks. 

Table 2. Correlation Between Vitamin B12 Levels and Items of Visual Analogue Scales (VAS) Before and During Treatment 

morning 
VASr 

evening 
VASr 

VAS 1 fresh-tired 
VAS 2 bad-good night 
VAS 3 excited-calm 
VAS 4 fresh-tired 
VAS 5 un-concentrated 

r = correlation coefficient 
*p < 0.05 

Change of VAS between Pretreatment and 
First Week of Treatment 

CB 12 group n = 10 

0.37 
-0.03 
-0.04 

0.35 

0.17 

MB 12 group n = 9 

0.58 
0.68* 
0.09 

-0.82* 

0.66* 

Change of VAS between First and Second 
Week of Treatment 

CB 12 group n = 10 

ll.60 
ll.02 

-0.70* 
ll.30 

ll.41 

MB 12 group n = 9 

-0.22 
-0.13 

0.55 
0.32 

-0.07 
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Subjective feelings of activation, change in urinary 
aMT6 excretion, and improved and shortened sleep all 
seem to confirm the hypothesis that vitamin B12 has 
qualitative sleep increasing capacity (Okawa et al. 1990) 
with a circadian distribution toward increased wakeful
ness. Despite the change in sleep time, the phase of 
sleep is not changed as indicated by stable mid-sleep 
times. A genuine change of circadian phase length or 
position could not be demonstrated by this study design. 

Increased nocturnal activity may be a direct effect of 
vitamin B12 and its metabolites that has not been re
ported before. The possibility that nocturnal activity is 
due to masking effects remains, as Uchiyama et al. 
(1995) did not find it in five healthy subjects under con
stant routine. 

The results of the d2 test should be interpreted cau
tiously. Many participants had almost optimal scores 
during the pretreatment period, so that improvement 
was partially obscured by a ceiling effect. The increase 
of scores from the first to the second test on 1 day indi
cated a learning effect in addition to a vitamin B12 ef
fect. The d2 test is designed to measure short-term con
centration and is not sensitive enough to discriminate 
changes in normal subjects. It should therefore be re
placed by long-term concentration tests in future studies. 

Our temperature data do not show significant circa
dian changes. We decided not to interpret the nonho
mogeneous results, because our study was not per
formed under constant routine (Dahlitz et al. 1991). 
Twice daily measurements of cortisol in saliva were too 
few to show circadian effects. 

CONCLUSIONS 

Our preliminary study shows that vitamin B12 in its ac
tivated form seems to be superior to cyanocobalamin in 
improving daytime alertness and concentration and in 
shortening and improving sleep in healthy persons in a 
dose-dependent fashion. Both forms of vitamin B12 
may serve as circadian modulators of melatonin and 
potassium. Our findings support previous reports of a 
circadian effect of vitamin B12 that is mediated by mela
tonin, implying a possible further enhancement by 
light. Vitamin B12 may prove to be an alternative to 
stimulants when applied together with light. Its effect 
on sleep quality, especially on nocturnal motor activity 
and recuperation, should be tested by polysomno
graphic studies. 
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