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ABSTRACT

Keywords: Background: Vitamin deficiencies have been reported to cause brain atrophy. Hippocampal atrophy has been well
Vitamin By, reported in patients with dementia including Alzheimer’s disease.

MMSE Objectives: To investigate the association between hippocampal atrophy and vitamin deficiency

;?E:)/CSQE\I]’;I atrophy Design: Cross sectional study

7-score Setting: Three sites in one country

Participants: Overall, 567 patients who visited an outpatient dementia clinic and underwent MRI-VSRAD (Voxel-
Based Specific RegionalAnalysis System for Alzheimer’s Disease) were included in this study.

Intervention: Patients with a hippocampal atrophy Z-score of < 2 were classified as normal (n = 323), and those
with a Z-score of > 2 were diagnosed with hippocampal atrophy (n = 244).

Measurements: Vitamin B,,, folic acid, vitamin B,, homocysteine, HbAlc, and creatinine levels were measured
and their association with hippocampal atrophy was assessed. Age, MMSE (Mini Mental State Examination), and
hippocampal atrophy were also evaluated.

Results: In the hippocampal atrophy group, the frequency of vitamin B;, deficiency was higher (p < 0.022), MMSE
score was lower (p < 0.0001), and age was higher (p < 0.0001) than that in the normal group (Mann-Whitney
U test). Patients with vitamin B,, deficiency (odds ratio, 3.46) and low MMSE score (odds ratio, 2.24) had an
increased risk of hippocampal atrophy.

Conclusion: Vitamin B,, deficiency was associated with hippocampal atrophy detected by VSRAD analysis. There-
fore, early vitamin B, supplementation should be considered in patients with deficiencies to reduce dementia
risk.

1. Introduction

Deficiencies of vitamins including vitamin B,,, folate, and vitamin
B; have been proposed to cause treatable dementia [1,2]. B vitamins,
which are part of the metabolic network, are involved in nutrient signal-

ing and biosynthesis, oxidation-reduction homeostasis, and epigenetics.
These vitamins play an essential role in the regulation of cell prolifer-
ation, stress resistance, and embryogenesis. Additionally, vitamin B;,
deficiency is common in the older population, and may affect neural
function through impaired myelination [3].
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|
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Fig. 1. Flowchart showing how study participants are selected. Of the 1908 pa-
tients visiting Dementia Outpatient Clinic, MRI-VSRAD analysis was performed
on 576 patients. A total of 567 patients were enrolled in the study.

Homocysteine is converted to methionine by methionine synthase.
Vitamin B,, is used by methionine synthase as a cofactor. Vitamin B,
shortage can lead to hyperhomocysteinemia [4]. Folic acid is a cofactor
required in the remethylation of homocysteine, too [5]. Homocysteine
is converted to cysteine by vitamin Bg. Deficiency of folic acid and vita-
min Bg can also cause hyperhomocysteinemia. Hyperhomocysteinemia
is known to increase oxidative stress and cause various diseases, includ-
ing ischemic heart disease, ischemic stroke [6], Alzheimer’s disease [7],
and Parkinson’s disease.

Vitamin B, [8,9], folate [10], and vitamin B, deficiencies [11] have
been reported to induce brain atrophy. If so, cognitive decline may not
be improved due to brain atrophy. Other factors including hyperhomo-
cysteinemia [12,13], diabetes mellitus [14], and renal failure [15] can
be the cause of brain atrophy. However, it was not clear which factors,
especially which vitamin deficiencies, were associated with brain atro-
phy.

It is widely known that the extent of brain atrophy detected by MRI
and cognitive functions are significantly correlated [16]. VBM (voxel-
based morphometry) analysis is an objective index to evaluate the extent
of brain atrophy based on 3D brain images; furthermore, voxel-based
specific regional analysis system for Alzheimer’s disease (VSRAD) anal-
ysis with a region of interest (ROI) for AD set in the VBM, is widely used
in Japan. The extent of the hippocampal atrophy can be quantified by
the Z-score [4,5,17,18].

In this study, to clarify which vitamin deficiencies are associated
with brain atrophy and to what extent, we aimed to investigate the rela-
tionship between hippocampal atrophy and mainly vitamin B,,, folate,
and vitamin B, levels, using VSRAD analysis.

2. Methods
2.1. Study population

Patients who visited the outpatient clinic for dementia at the Uni-
versity of Fukui Hospital, Nakamura Hospital, and Kimura Hospital be-
tween January 6 2008 and December 20 2022 were included in the
study. Of the 1908 patients, 567 patients who underwent MRI-VSRAD
were included in the analysis (Fig. 1). Patients with advanced dementia
who did not receive adequate nutrition were not included in this study.

Vitamin B,,, folate, vitamin B;, homocysteine, HbAlc, creatinine
levels were estimated. Vitamin B, levels were evaluated in 484 pa-
tients, folate in 494 patients, vitamin B; in 440 patients, homocysteine
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in 483 patients, HbAlc in 555 patients, creatinine in 434 patients, MMSE
of 561 patients, and education in 182 patients.

Cutoff values for vitamin B;, deficiency were < 233 pg/mL, folate
deficiency was < 3.6 ng/mL, vitamin B; deficiency was < 2.0 ug/dL,
high homocysteine was 13.5 > ymol/L, high HbAlc was > 6.1 % NGSP,
and high creatinine was > 0.79 mg/dL. Normal values at our hospital
were adopted as cut-off value.

The participants were stratified based on the Z-score (hippocampal
atrophy) into normal (Z-score < 2; mean age, 78.3 + 8.6 years, n = 323)
and hippocampal atrophy groups (Z-score > 2; mean age, 79.9 + 8.3
years; n = 244).

The association of vitamin B,,, folate, vitamin B;, homocysteine,
HbAlc, and creatinine levels with hippocampal atrophy were assessed.
Additionally, age, MMSE (Mini Mental State Examination) and hip-
pocampal atrophy were examined.

The Institutional Review Board of the University of Fukui approved
this study (20180092).

2.2. Blood tests

An ADVIA Centaur XP Immunoassay System (Siemens Healthcare Di-
agnostics Manufacturing Ltd., Dublin, Ireland) and support equipment
(Siemens Healthcare Diagnostics Inc. Diagnostics Inc., New York, NY,
USA) were applied to measure vitamin B,,, folate, and vitamin By, lev-
els on the same day. Creatinine was measured by enzymatic method by
using Cygnus Auto CRE (Shino-Test Corporation, Tokyo, Japan). HbAlc
levels were quantified by using High-Performance Liquid Chromatogra-
phy (HPLC) (ADAMS™ Alc HA-8180 V, ARKRAY, Kyoto, Japan). Total
homocysteine levels were measured using an atmospheric pressure ion-
ization (API) 3200 LC-MS/MS system (SCIEX, Tokyo, Japan) [4,5].

2.3. Grading brain atrophy by VSRAD Z-score

All MRI scan at the University of Fukui Hospital and Nakamura Hos-
pital were executed as previously described [4,5]. The VSRAD uses VBM
to evaluate regional brain volumes by statistical comparison using brain
imaging database of 80 healthy participants (54-86 years old) using
Statistical Parametric Mapping (SPM). After standardize anatomically,
isotropic 8-mm cubic smoothing was achieved to decrease individual
variations in functional brain localization and approximate normal dis-
tribution. The Z-score was the main index, indicating the number of
standard deviations of gray matter and white matter volumes as com-
pared to that of the non-demented, normal participants.

In VSRAD advance, the target area was set in the medial tempo-
ral region, including the hippocampus and parahippocampal gyrus. Z-
scores of 0-1 indicated little or no atrophy, 1-2 indicated some atrophy,
2-3 indicated considerable atrophy, and > 3 indicated severe atrophy
[4,5,17,18]

2.4. Statistical analysis

We presented the data as mean + SD. We analyzed the differences
between the two groups by means of the Mann-Whitney U test. Corre-
lations were also evaluated using the Spearman’s rank correlation co-
efficient when the data deviated from a normal distribution. Logistic
regression analysis was performed to identify major factors associated
with hippocampal atrophy.

Statistical analyses were done by IBM SPSS Statistics for Windows
version 27(IBM Corp., Armonk, NY, USA).A p-value of < 0.05 was con-
sidered significant [19].

3. Results
3.1. Participant features

The mean age of the participants was 78.9 + 8.5 years with 40 %
(n = 227) male participants. Overall, 43 % of the total participants were
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Table 1
Patient characteristics (N = 567).

Total (N = 567)

Age 78.9 +£ 8.5
Male sex, % 40

MMSE 21.8+5.1
Z-score 23+24
Vitamin B12, pg/mL 547.9 + 377.5
Folate, ng/mL 8.5+ 18.7
Vitamin B1, ug/dL 39+1.6
Homocysteine, ymol/L 14.0 +11.4
HbAlc, % 5.7 +0.1
Creatinine, mg/dL 0.89 + 0.57
Education (Year) (Median(IQR)) 12 (6-16)

Data are presented as mean + SD.
MMSE, Mini Mental State Examination.

Table 2
Biochemical parameters in the hippocampal atrophy group and normal groups
detected by VSRAD z score (N = 567).

No hippocampal Hippocampal p-value

atrophy group atrophy group

(N =323) (N = 244)
Age (Mean +SD) 78.3 £ 8.6 79.9 + 8.3 0.004
Male sex,% 49.2 (126/257) 41.8 (102/244) 0.502
MMSE (Mean +SD) 228 +4.8 20.5+5.2 <0.0001
Z-score (Mean +SD) 1.1 +0.51 3.8+3.1 <0.0001
Vitamin B,, deficiency, % 4.6 (12/259) 12.2 (26/213) 0.002
Folate deficiency, % 12.0 (33/276) 11.0 (24/218) 0.744
Vitamin B, deficiency, % 2.5 (6/238) 2.0 (4/202) 0.719
High homocysteine, % 33.1 (90/272) 38.0 (80/211) 0.323
High HbAlc, % 13.6 (43/316) 12.6 (30/239) 0.716
High creatinine, % 51.5 (122/237) 44.2 (87/197) 0.129
Education (Year) (Median) 12 (6-16) 12 (6-16) 0.120

(IQR)
Data are presented as mean + SD.
MMSE, Mini Mental State Examination.

in the hippocampal atrophy group. The mean Z-score, Z-score of the
normal group, and that of the hippocampal atrophy were 2.3 + 2.4,
1.1 + 0.5, and 3.8 + 3.1, respectively. The mean values of each param-
eter in the normal and hippocampal atrophy groups are presented in
Table 2.

3.2. Biochemical parameters in hippocampal atrophy and normal groups

Vitamin B;, deficiency was detected in 7.9 % of the participants,
folate deficiency in 11.4 %, vitamin B, deficiency in 2.3 %, high ho-
mocysteine in 35.2 %, high HbAlc in 13.3 %, and high creatinine in
48.1 %. The mean MMSE score was 21.8 + 5.1 points with median ed-
ucation (Median (IQR)) of 12(6-16) (Table 1).

Furthermore, 4.6 % of the participants in the normal group and
12.2 % in the hippocampal atrophy group had vitamin B,, deficiency;
12.0 % of the participants in the normal group and 11.0 % in the hip-
pocampal atrophy group had folate deficiency; 2.5 % of the participants
in the normal group and 2.0 % in the hippocampal atrophy group had
vitamin B; deficiency. High HbAlc was observed in 13.6 % of the par-
ticipants in the normal group and 12.6 % of the participants in the
hippocampal atrophy groups. High creatinine levels were observed in
51.5 % of participants in the normal group and 44.2 % of participants
in the hippocampal atrophy group. MMSE was 22.8 + 4.8 and 20.5 + 5%
in the normal and hippocampal atrophy groups, respectively. The me-
dian education level (Median(IQR)) was 12(6-16) and 12(6-16) in the
normal and hippocampal atrophy groups, respectively (Table 2).

Vitamin B,,, folic acid, vitamin B;, homocysteine, HbAlc, and crea-
tinine levels were compared between the two groups. Furthermore, age
and MMSE scores were assessed between the two groups. In the hip-
pocampal atrophy group, the prevalence of vitamin B;, deficiency was
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Table 3
Correlations between hippocampal atrophy detected by VS-
RAD z score and various parameters.

Parameters Univariate analysis

r p-value
Age 0.122 0.004
Sex —0.28 0.503
MMSE -0.185 <0.001
Vitamin B, —-0.144 0.002
Folate 0.015 0.744
Vitamin B, 0.047 0.269
Homocysteine 0.045 0.323
HbAlc 0.015 0.716
Creatinine 0.026 0.536
Education -0.128 0.068

MMSE, Mini Mental State Examination.

Table 4
The logistic regression analysis of hippocampal atrophy and
different parameters.

Parameters Odds ratio  p-value 95%CI

Age 0.99 0.454 0.97-1.01
MMSE 2.24 <0.0001 1.50-3.37
Vitamin B,, deficiency = 3.46 0.002 1.59-7.53
Folate deficiency 0.77 0.431 0.40-1.47
Vitamin B, deficiency 1.28 0.475 0.65-2.52
High homocysteine 1.02 0.930 0.65-1.60
High HbAlc 0.89 0.703 0.52-1.56
High creatinine 0.79 0.539 0.39-1.64

MMSE, Mini Mental State Examination.

significantly higher (p < 0.002), the mean MMSE score was significantly
lower (p < 0.0001), and age was significantly higher (p < 0.004) than
those in the normal group (Table 2).

3.3. Correlation between hippocampal atrophy and various parameters

The correlation of vitamin B,,, folate, vitamin B;, homocysteine,
HbAlc, and creatinine levels with hippocampal atrophy was also as-
sessed. The correlation between age and MMSE and hippocampal at-
rophy was also examined. Correlations between hippocampal atrophy
and prevalence of vitamin B,, deficiency (p = 0.002), MMSE score
(p < 0.001), and age (p = 0.004) were detected (Table 3). As all data did
not follow a normal distribution, Spearman’s rank correlation coefficient
was used for analysis.

3.4. Factors contributing to hippocampal atrophy

Multivariate analysis revealed that vitamin B,, levels (odds ratio,
3.46; 95 % CI, 1.59-7.53; p = 0.002) and low MMSE score (odds ratio,
2.24; 95 % CI, 1.50-3.37; p < 0.0001) were associated with enhanced
chance of hippocampal atrophy (Table 4).

3.5. Correlation between Z-score and vitamin B, levels

Z-scores and vitamin B, levels were correlated, and the correspond-
ing correlation plot is presented in Fig. 2 (p = 0.002, Rs =—0.144).

3.6. Comparison between participants with and without vitamin B,
deficiency

Vitamin B;, deficiency contributed to hippocampal atrophy and
comparisons of the participants with and without vitamin B,, deficiency
revealed significant differences in the Z-score (p = 0.017), homocysteine
(p < 0.001), folate (p = 0.004), and age (p = 0.018) (Table 5).
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Fig. 2. Correlation between z-scores and vitamin B;, levels MRI VSRAD Z-
scores and plasma vitamin B;, values were inversely correlated.

Table 5
Comparison between participants with and without vitamin B, deficiency
(n = 484).

Normal vitamin ~ Low vitamin B;,  p-value

B,, group group (N = 38)

(N = 446)
Age (Mean + SD) 78.1 + 8.4 80.8 + 8.9 0.018
Male sex, % 38.1 (170/446) 55.3 (21/38) 0.038
MMSE (Mean + SD) 22.0 + 5.0 21.3+4.5 0.675
Z-score Mean +SD 2.3+26 25+1.3 0.017
Vitamin B;, (Mean + SD), pg/mL  580. 5 + 375.3 166.8 + 56.3 <0.001
Folate (Mean +SD), ng/mL 8.1+11.1 14.7 + 56.0 0.004
Vitamin B, (Mean +SD), ug/dL 39+16 35+15 0.404
Homocysteine (Mean +SD), 12.8 + 8.8 27.0 + 24.1 <0.001

umol/L

HbAlc (Mean +SD), % 5.7 +0.9 5.5+ 0.7 0.075
Creatinine (Mean +SD), mg/dL 0.8+0.7 1.5+4.2 0.678
Education (Year) (Median) (IQR) 12 (6-16) 12 (6-12) 0.120

Data are presented as mean + SD.
MMSE, Mini Mental State Examination.

4. Discussion

In the present study, vitamin B;, shortage was associated with hip-
pocampal atrophy. Furthermore, correlations were observed between
hippocampal atrophy and vitamin B;, value.

Vitamin B, deficiency causes severe neurological complications in
infants [20]. In 35 patients with vitamin B,, deficiency, aged 6 months
to 2 years, thinning of the corpus callosum, elevation of the extra-axial
space (28.6 %), brain atrophy (17 %), and diffuse symmetric white mat-
ter hyperintensities (5.7 %) have been reported [21]. Furthermore, se-
vere cortical atrophy, cerebral hemorrhage, thinning of the corpus cal-
losum, and delayed myelination have been reported on brain MRI in 21
infants aged 4 to 24 months with B, deficiency [3]. In adults, there
are some reports presenting the association of vitamin B,, deficiency
and brain atrophy, too [20]. Kobe et al. reported that low vitamin By,
concentration within the normal range is poorer memory performance
which is an effect that is partially mediated by hippocampal microsur-
gical integrity examined by MRI [22,23]. In patients with vitamin B,
deficiency and hippocampal atrophy, memory loss is associated with at-
rophy of the ammonis angle and dentate gyrus regions. In the present
study, the MMSE scores were also associated with hippocampal atro-
phy. As widely believed, the hippocampus is associated with memory
impairment [24-26].

In the present study, Vitamin B;, shortage was observed to be as-
sociated with hyperhomocysteinemia. Hyperhomocysteinemia has been
reported to be associated with Vitamin B, [4] and folate deficiencies
[5,27]. Furthermore, hyperhomocysteinemia has been reported to be as-
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sociated with brain atrophy [28-30], and vascular disorders [17]; how-
ever, reports on this association are controversial with some studies [26]
reporting no association with hippocampal atrophy. In this study, no as-
sociation was observed between hyperhomocysteinemia and hippocam-
pal atrophy. Homocysteine has metabolic cofactors, including vitamin
B,,, folate, and vitamin B, Homocysteine is also affected by various
other factors including mutation in the 5,10-methylenetetrahydrofolate
reductase (MTHFR) gene, renal failure, malignancy, immunological dis-
eases, drugs, and lifestyle [31]. Therefore, in this study, characterizing
brain atrophy based only on the relationship between vitamin B;, and
homocysteine levels, was not easy.

In the previous studies, the association of brain atrophy and low vita-
min B;, was reported. Vogiatzoglou et al. reported that low vitamin B,
was associated with increased risk of brain volume loss [32]. It was also
reported that vitamin B;, deficiency can affect cognition by decreasing
the total volume of the brain, and vitamin B, status can affect the brain
through multiple mechanisms at least in part [33]. VITACOG trial also
implies that total homocysteine >13 pymol/L slow the cognitive decline
by vitamin B;, supplementation [34]. Hooshmand et al. reported that
high baseline levels of vitamin B,, and holotranscobalamin, which is
the marker of functional vitamin B;,, in the early phase were associated
with a slower decline in brain volume [35].

Vitamin B;, deficiency causes treatable dementia and vitamin B;,
supplementation has been reported to improve cognitive function
[30,36]. The improvement in cognitive function may have been asso-
ciated with improvement in mood disorders, at least in part [37]. VI-
TACOG trial [30] found that hippocampal atrophy in mild cognitive im-
pairment could be slowed by B vitamin treatment and that the effects on
atrophy and on cognition were mainly due to administration of vitamin
B,,. However, cognitive impairment caused by brain atrophy may not
improve with vitamin supplementation in advanced stage [38]. Thus, to
prevent hippocampal atrophy caused by vitamin B;, deficiency, blood
tests should be performed, and patients with loss of appetite, gastroin-
testinal tract surgery, and macrocytic erythroblastic anemia should be
monitored for early detection and therapeutic intervention.

This study has some limitations. First, we were unable to exclude
patients administered vitamin B, prescription drugs or supplements.
Patients who originally had low vitamin B, levels and administered vi-
tamin B, supplementation would have had hippocampal atrophy, even
if their vitamin B, , levels were normal at the time of entry. If we exclude
patients who have supplemented with vitamin B,,, a more significant
difference may be obtained. Second, vitamin B¢ levels were not esti-
mated in this study, while considering hyperhomocysteinemia.

In conclusion, vitamin B,, deficiency is significantly associated with
hippocampal atrophy. As previous studies including VITACOG study
[30,39] have shown, cognitive decline and brain atrophy may be slower
by vitamin B;, supplementation [40], necessitating earlier therapeutic
interventions.
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