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Abstract

Background and Aims: Total plasma homocysteine (tHcy) has been suggested as a risk factor
of dementia. Our aim was to investigate potential differences in tHcy status in relation to the
prescription of vitamin B;; and dementia diagnosis. We examined whether vitamin B;, prescrip-
tions, a family history of dementia, or the need for home care service might be associated with
tHcy values. Methods: A cross-sectional monocenter study comprising 926 consecutive sub-
jects attending our Memory Care Unit was conducted. Results: Demented subjects being pre-
scribed vitamin By, had higher serum vitamin By, (p = 0.025) but also higher tHcy (p < 0.001) and
serum methylmalonate (p = 0.032), and lower serum folate (p < 0.001) than those who did not
receive vitamin By, prescriptions. tHcy levels were significantly higher in non-demented sub-
jects receiving home care service (p =0.007). This group also had lower serum albumin (demen-
tia: p < 0.001; non-dementia: p = 0.004). There was no difference in renal function (estimated
glomerular filtration rate) in demented or non-demented subjects with or without vitamin B,
prescriptions (dementia with/without vitamin B;, prescription: p = 0.561; non-dementia with/
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without vitamin By, prescription: p = 0.710). Conclusion: Despite vitamin By, prescriptions, de-
mented subjects had higher tHcy and methylmalonate values. The elevated metabolite values
could not be explained by differences in renal function. Thus, elderly subjects on vitamin B,
prescription appear to have unmet nutritional needs. Copyright ©2012 5. Karger AG, Basel

Introduction

There has been a growing interest in the role of vitamin deficiencies in relation to de-
mentia. Vitamin B, was among the first vitamins being investigated in relation to neuropsy-
chiatric disease, and already in the mid-19th century, Addison [1] described neuropsychiat-
ric symptoms in patients with pernicious anemia (‘the mind occasionally wanders’). There
are reports on improvement of mental symptoms upon vitamin By, supplementation [2, 3].
In addition to insufficient vitamin B, status, folate deficiency has also been discussed in the
pathogenesis of dementia [4-8]. A prospective Canadian study among older persons found
that low serum folate was associated with a higher risk of cerebrovascular events including
vascular dementia and death because of stroke [9].

The essential amino acid methionine, together with vitamin B;, and folate, is centrally
involved in the one-carbon metabolism. Methionine serves in its activated form, S-adenosyl-
methionine (SAM), as the principal one-carbon donor in the body. In the course of methyl
group transfer from SAM, homocysteine (Hcy) is formed. Total plasma Hcy (tHcy) has been
suggested as an independent risk factor for dementia and Alzheimer’s disease [10-12]. There
are a number of significant predictors of tHcy, such as serum folate [13], serum vitamin By,
[14] and serum creatinine [15], but it is debated whether elevated tHcy is only a marker of or
causally involved in the pathogenesis of cardiovascular disease and dementias [16].

A family history of dementia approximately doubles the lifetime risk of developing de-
mentia [17]. Although the exact mechanisms are unknown, genetic, nutritional and environ-
mental factors might contribute to the associations between dementia and tHcy, as many of
these factors are common risk factors for both dementia and hyperhomocysteinemia. Thus,
tHcy-related variables should also be studied in relation to family history of dementia.

Home care service (HCS) is intended to care for older people with and without dementia,
to help them manage their own homes and to prevent premature institutionalization. As
HCS in the majority of cases includes prefabricated food service (‘meals on wheels’), it is of
great importance to investigate how this food service influences nutrition in general and
tHcy-related micronutrients in particular. Unfortunately, little attention has been paid to the
risk of quantitative and qualitative malnutrition in the elderly [18]. However, the clinical util-
ity of tHcy and its determinants in the laboratory work-up of patients with suspected demen-
tia, as an adjunct to traditional patient history and demographic variables [19-21], is far from
clear, and integrative studies in an out-patient based setting are required.

At the Memory Care Unit of the Department of Geriatrics, Orebro University Hospital,
Sweden, a database was established in the mid-1990s to keep track of the patient records and
to monitor the quality of the medical service concerning cognitive disorders. In the present
study, we used this database to evaluate different patient history and demographic variables,
as well as selected serum biomarkers as predictors of dementia in a consecutive series of 926
persons. The aim of the present study was to investigate potential differences in tHcy and its
determinants [serum vitamin By,, serum folate, serum creatinine and estimated glomerular
tiltration rate (¢GFR)] in relation to the diagnosis of dementia. We also wanted to investigate
associations between tHcy and vitamin B, prescriptions, a family history of dementia as well
as HCS requirements.
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Materials and Methods

Study Population

A database for monitoring the efficacy of various diagnostic markers and patient history
data for differentiating between clinical dementia and non-dementia conditions in our Mem-
ory Care Unit was established in late 1995. The database comprises 926 consecutive subjects
(366 men and 560 women) referred to the Memory Care Unit at the Geriatric Department,
Orebro Medical Center Hospital, Orebro, Sweden, between 1996 and 2000 for diagnostic
evaluation of suspected cognitive impairment. In this monocenter cross-sectional study,
three specialists in geriatric medicine with comprehensive training in cognitive medicine per-
formed a clinical investigation of these subjects. Dementia was diagnosed according to DSM-
ITI-R criteria [22], which included medical history, physical examination, together with neu-
rological, psychiatric and neuropsychological examination, and laboratory tests. At the time
of patient recruitment, there was still no widespread use of multi-B vitamin supplements con-
taining pharmacological vitamin B, doses (0.5 mg/tablet) through doctor’s prescription in
Sweden, whereas around 15% of subjects aged =70 years were on high-dose oral (1 mg/day)
or parenteral vitamin B, treatment and approximately 3% were on folic acid treatment [23].

A wide range of biochemical blood tests and patient history variables was entered into
the database. In the present study, we focus on the following variables: prescription of high-
dose oral or intermittent parenteral vitamin B;, preparations (yes/no), family history of de-
mentia (yes/no) and the use of HCS (yes/no). The data on vitamin By, prescriptions was based
on patient and caregiver history and refers only to high-dose oral (1-mg vitamin B, tablets)
or parenteral preparations (1 mg/ml). The dosage interval of parenteral vitamin B, doses
varied from 1 mg once a month to 1 mg every third month. High-dose oral treatment ac-
counted for approximately 70% of vitamin B;, prescriptions. In addition, we included the
results from the Mini Mental State Examination (MMSE) tests in the analysis. Furthermore,
data of serum biomarkers obtained by clinical routine testing at the time of recruitment [e.g.
blood hemoglobin (B-Hb), blood mean cellular volume (B-MCV), serum albumin, plasma
creatinine, serum folate, serum vitamin B,,, plasma tHcy, serum methylmalonic acid (S-
MMA)] were retrieved from the database. In this paper, we focused on tHcy and variables
related to tHcy (serum folate, serum vitamin B;,, S-MMA, plasma creatinine as well as B-Hb
and B-MCV). eGFR was calculated according to the Modification of Diet in Renal Disease-4
formula (age, sex, ethnicity and plasma creatinine) [24]. Serum albumin and body mass in-
dex (BMI) were used as biomarkers of general nutritional status.

Because information about the use of folate supplementation was not recorded in the
database, we used 35 nmol/l as a cutoff for serum folate to discriminate between subjects with
and without folic acid supplementation. Subjects with a serum folate >35 nmol/l were ex-
cluded from all statistical analyses related to tHcy. This cutoff has been shown to discrimi-
nate quite well between users and non-users of folic acid supplements [25]. In the dementia
group, there were 7 subjects (1.6%) with serum folate >35 nmol/l and in the non-dementia
group, there were 3 subjects (1.8%).

Biochemical Assays

Venous blood samples were drawn with minimal venous stasis as a part of the routine de-
mentia examination program between 8:00 and 10:00 a.m., and the samples were immediate-
ly delivered to the laboratory staff. The serum or plasma biomarker analyses were performed
at the Department of Clinical Chemistry, Orebro Medical Center Hospital, Sweden, except for
S-MMA which was analyzed by mass spectrometry at the Department of Clinical Chemistry,
Central Hospital, Karlstad, Sweden. The local reference range of S-MMA is <0.37 pwmol/l
(CV (coefticient of variance): 6.8%) and the tHcy reference range is <15 pmol/l (CV: 4.1%).
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Table 1. Baseline characteristics of the 926 subjects studied

Non-dementia

Dementia P
(n = 240) (n = 686)
Age, years 77.9%9.6 79.5%73 0.010
Female sex, n/total n (%) 144/240 (60.0) 416/686 (60.6) 0.163
Positive family history of dementia, n/total n (%) 52/167 (31.1) 191/481 (39.7) 0.049
B-Hb, g/l 131.7%+15.9 130.8 £ 15.5 0.536
MCV, fl 90.0£5.8 90.0£4.9 0.899
BMI 24.0x4.3 24.0x4.0 0.997
Serum albumin, g/l 36.8+4.6 36.6+4.6 0.565
Plasma creatinine, p.mol/l 93.9+31.6 94.1+46.7 0.662
eGFR, ml/min/1.73 m? 59.3+19.6 59.9*+18.9 0.730
Systolic BP, mm Hg 149.8 254 149.2£23.8 0.783
Diastolic BP, mm Hg 79.5+12.5 789+11.7 0.544
MMSE 23.5%x49 16.3%6.1 <0.001
Vitamin-By, prescription, n/total n (%) 47/240 (19.6) 213/686 (31.0) 0.001
Plasma tHcy, pmol/l 18.44+94 20.6+9.1 0.088
S-MMA, pmol/l 0.23%£0.15 0.32+0.36 0.176

Data are means * SD, unless otherwise indicated. BP = Blood pressure. * Pearson x? or t test as ap-
propriate (calculated on logarithmically transformed variables).

Statistical Analyses

Statistical analyses were performed using SPSS for Windows, release 16 (SPSS Inc., Chi-
cago, Ill., USA). None of the continuous variables were normally distributed according to
Kolmogorov-Smirnov goodness-of-fit test and thus, analyses were performed on logarithmi-
cally transformed data. The descriptive results are presented as means * SD. Statistical sig-
nificance was considered with a two-sided probability value <0.05. Student’s t test was used
for statistical analysis of differences between groups of continuous variables and x? tests were
used for categorical variables. The patient history data were coded as binary variables (yes/
no). Associations between variables were assessed using Spearman rank correlations. Multi-
variate logistic regression analyses was carried out with the forward logistic regression meth-
od, with dementia/non-dementia being the dependent variable.

Ethics
The Regional Ethical Review Board, Uppsala, Sweden, approved the study.

Results

A total of 686 of the examined 926 subjects fulfilled the diagnostic criteria of dementia.
The remaining 240 were categorized as non-demented. The baseline characteristics of the
subjects are shown in table 1. The subjects in the dementia group were marginally older than
subjects in the non-dementia group. Demented subjects also more frequently had a positive
family history of dementia and more often received high-dose oral or intermittent paren-
teral vitamin B;, prescriptions than non-demented subjects. The MMSE was significantly
lower in the dementia group (p < 0.001) than in the non-dementia group. There were no sig-
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Table 2. Bivariate association between age and selected variables from table 1
P-tHcy S-MMA Age B-Hb B-MCV S-Alb  P-Crea BMI eGFR
P-tHcy Correlation coefficient 1.000 0471  0.243 -0.147  0.011 -0.049 0.245  -0.122 -0.259
Significance (two-tailed) 0.001 <0.001 0.021 0.878 0.449 <0.001 0.061 <0.001
n 257 46 257 249 212 246 247 234 247
S-MMA Correlation coefficient 0.471 1.000 0.550 -0.478 0.092 -0.303 0.323 0.234 -0.355
Significance (two-tailed)  0.001 <0.001 <0.001 0.515 0.018 0.012 0.086  0.005
n 46 61 61 60 52 60 60 55 60
Age Correlation coefficient 0.243 0.550 1.000 -0.253 -0.060 -0.272 0.164 -0.159 -0.225
Significance (two-tailed) <0.001  <0.001 <0.001 0.162 <0.001 <0.001 <0.001 <0.001
n 257 61 926 753 544 704 728 704 728
B-Hb Correlation coefficient  -0.147 -0.478 -0.253 1.000 0.062 0.417 -0.003 0.223  0.025
Significance (two-tailed)  0.021  <0.001  <0.001 0.151 <0.001 0.926 <0.001 0.505
n 249 60 753 753 544 693 714 622 714
B-MCV Correlation coefficient 0.011 0.092 -0.060 0.062 1.000 0.046 0.048 0.029 -0.044
Significance (two-tailed)  0.878 0.515 0.162 0.151 0.295 0.272 0.526  0.318
n 212 52 544 544 753 522 523 491 523
S-Alb  Correlation coefficient -0.049 -0.303 -0.272 0.417 0.046 1.000 0.064 0.163 -0.043
Significance (two-tailed)  0.449 0.018 <0.001 <0.001 0.295 0.093 <0.001 0.259
n 246 60 704 693 522 704 687 592 687
P-Crea Correlation coefficient 0.245 0.323 0.164 -0.003 0.048 0.064 1.000 0.166 -0.997
Significance (two-tailed) <0.001 0.012 <0.001 0.926 0.272 0.093 <0.001 <0.001
n 247 60 728 714 523 687 728 610 728
BMI  Correlation coefficient ~ -0.122 0.234 -0.159 0.223 0.029 0.163 0.166 1.000 -0.153
Significance (two-tailed)  0.061 0.086 <0.001 <0.001 0.526 <0.001 <0.001 <0.001
n 234 55 704 622 491 592 610 703 610
eGFR  Correlation coefficient ~ -0.259  -0355 -0.225  0.025 -0.044 -0.043 -0.997  -0.153 1.000
Significance (two-tailed) <0.001 0.005 <0.001 0.505 0.318 0.259 <0.001 <0.001
n 247 60 728 714 523 687 728 610 728

p values according to nonparametric two-tailed Spearman correlation calculations. P-tHcy = Plasma tHcy; S-Alb = se-

rum albumin; P-Crea = plasma creatinine.

nificant differences between dementia and non-dementia concerning B-Hb, B-MCV, BMI,
serum albumin, eGFR, systolic or diastolic blood pressure.

Table 2 shows crude bivariate analysis (Spearman rank) of the associations of the select-
ed biochemical parameters with age. Significant associations were seen between age and
tHey (R = 0.243; p <0.001), age and MMA (R = 0.550; p < 0.001), age and B-Hb (R = -0.253;
p <0.001), age and serum albumin (R = -0.272; p < 0.001), age and plasma creatinine (R =
0.164; p < 0.001), age and eGFR (R = -0.225; p < 0.001), and age and BMI (R = -0.159; p <
0.001).

Table 3 shows the vitamin Bj,- and folate-related variables (e.g. tHcy, S-MMA, B-Hb
and B-MCV) in relation to presence or absence of vitamin By, prescription. In the dementia
group, there were 7 subjects (1.8%) with serum folate >35 nmol/l and in the non-dementia
group, there were 3 subjects (1.8%). These cases were all excluded from the statistical calcu-
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Table 3. Biochemical parameters according to vitamin By, prescription state and dementia diagnosis

Variable Non-dementia n p! Dementia n p! p?

S-Bi,, pmol/l +B1s 292.8+2504 24 0.020 334.0x325.5 126 0.025  0.654

-B;,  349.8%+2332 100 317.8+168.2 231 0.340
S-folate, nmol/l  +B,, 8.6+34 39 0.006 83+40 153 <0.001 0.454
-By, 11.6+65 121 10.7+53 265 0.351
P-tHcy, pmol/l  +B), 227+11.5 29  0.001 24.0%+9.0 77 <0.001  0.267
-Bp, 159+5.8 43 17.6+8.3 79 0.389
S-MMA, pmol/l +By, 0.38+0.21 5 0023  046*050 17 0032 0.885
-By, 0.19+0.10 13 024+0.16 15 0.254
B-Hb, g/l +B;, 1257176 36 0004 127.7+149 150  0.004 0.400
-B;,  1343%150 120 1323+154 249 0.242
B-MCV, fl +B), 88.0*6.4 27 0015  90.8*+48 123  0.099 0.011
-B, 90.8 +4.9 92 89.8+48 186 0.137
S-Alb, g/l +By, 36.1%5.3 35 0167  354%42 146  0.001 0.534
-Bp, 372+45 117 36.9+44 242 0.537
P-Crea, pmol/l  +By, 91.2+235 38 0874  89.1+304 146 0274 0458
-Byp, 942+340 119 91.8+29.2 248 0.668
eGFR +B), 59.1+153 38 0710  603%*19.7 146 0561 0.707
ml/min/1.73 m?> -By, 59.2+20.7 119 59.6+18.4 242 0.847
BMI +By, 23.5%3.9 35 0404  234%37 133 0126 0.867
-By, 242+43 106 24.1+42 223 0.799

Values are means = SD. p values are calculated by t test on logarithmically transformed variables.
S-Bj, = Serum vitamin B)y; P-tHcy = plasma tHcy; S-Alb = serum albumin; P-Crea = plasma creatinine;
+B), = has been prescribed vitamin B),; -B;, = has not been prescribed vitamin By,. ! Difference between
the +B, prescription and -B, prescription groups. 2 Difference between the non-dementia and dementia
groups.

lations. Both dementia and non-dementia subjects with a vitamin By, prescription had sig-
nificantly higher tHcy levels (p = 0.001 and <0.001, respectively) but lower serum folate
(non-dementia: p < 0.001; dementia: p = 0.006). S-MMA was also significantly higher in
subjects with vitamin By, prescription, both in the dementia and the non-dementia groups
(p = 0.032 and 0.023, respectively). B-Hb was significantly lower in vitamin By,-prescribed
dementia (p = 0.004) and non-dementia (p = 0.004) subjects than in subjects not prescribed
vitamin By,.

Table 4 shows the tHcy-related variables in relation to family history of dementia. Among
subjects with a positive family history of dementia, mean tHcy was significantly higher in
demented subjects than in non-demented subjects (p = 0.021). Non-demented subjects with
a positive family history of dementia had significantly higher eGFR than non-demented sub-
jects without a family history of dementia (p = 0.032).

Table 5 depicts differences in biomarkers in non-demented and demented subjects ac-
cording to HCS state. There were no significant differences in serum vitamin B}, or in serum
folate between the dementia and the non-dementia groups. The mean tHcy level was sig-
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Table 4. Hcy-related biomarkers in relation to family history of dementia and data completeness (t test
statistics)

1 2

Variable Non-dementia n p Dementia n p

p

S-By,, pmol/l +FH 303.8+137.1 31 0912 272.4%x121.0 107 0.136  0.253

-FH 330.0x247.2 60 340.8 £265.0 147 0.917
S-folate, nmol/l +FH 12477 36 0.521 10.8*5.7 120 0.236  0.225
-FH 11.3x5.7 76 10.1x5.1 167 0.087
P-tHcy, pmol/l  +FH 15.1x3.9 13 0.168 20.6x9.4 37 0.744  0.021
-FH 18.8+8.9 35 20.2*6.9 59 0.191
S-MMA, pmol/l +FH 0.19%£0.13 7 0.431 0.48*+0.74 8 0.605 0.219
-FH 0.26£0.20 6 0.27x0.17 13 0.736
B-Hb, g/l +FH 133.7£14.3 34 0.615 133.1x129 114 0.183  0.980
-FH 135.0£15.6 75 131.1£15.5 159 0.081
B-MCV, {l +FH 90.8£5.9 27 0.444 89.4%5.1 87 0.074  0.252
-FH 89.8x5.2 58 90.6 £ 4.5 125 0.284
S-Alb, g/l +FH 38.2*x4.3 35 0.521 379x34 111 <0.001 0.842
-FH 37.6x£4.5 72 36.2%4.3 151 0.024
P-Crea, pmol/l  +FH 85.6 227 45 0.047 88.1x24.6 148 0.312  0.517
-FH 96.0 £30.2 90 95.6x61.6 222 0.323
eGFR +FH 64.0x17.2 45 0.032 61.5x163 148 0.277  0.425
ml/min/1.73 m?*> -FH 57.7%x19.2 90 60.9%+203 222 0.323
BMI +FH 24.1*4.6 34 0.867 24.6*+3.8 109 0.024  0.438
-FH 243*4.6 70 23.5*x4.1 145 0.252

Values are means * SD. p values are calculated by t test on logarithmically transformed variables.
S-Bj, = Serum vitamin By,; P-tHcy = plasma tHcy; S-Alb = serum albumin; P-Crea = plasma creatinine;
+FH = positive family history of dementia; ~FH = negative family history of dementia. ! Difference be-
tween the +FH and -FH groups. 2 Difference between the non-dementia and dementia groups.

nificantly higher in the non-dementia group with HCS (p = 0.007) and borderline signifi-
cantly higher in the dementia group with HCS (p = 0.064). Likewise, mean S-MMA was
higher in the non-demented subgroup with HCS (p = 0.021) and tended to be higher in the
demented subgroup with HCS (p = 0.140). Furthermore, there was a significant difference in
eGFR between demented and non-demented subjects receiving HCS. Non-demented sub-
jects with HCS had lower eGFR than demented subjects with HCS (p = 0.034). Subjects re-
ceiving HCS had both significantly lower B-Hb (dementia: p < 0.001; non-dementia: p =
0.037) and serum albumin (dementia: p < 0.001; non-dementia: p = 0.004) compared with
subjects without HCS. BMI was found to be significantly lower in subjects in the dementia
group receiving HCS compared to demented subjects without HCS (p = 0.05). This difference
was not seen in non-demented subjects with and without HCS.

Table 6 shows the odds ratio of having a diagnosis of dementia in relation to the three
patient history variables as calculated by multivariate logistic regression analysis. Use of
HCS, a family history of dementia and prescription of vitamin By, preparations were posi-
tively associated with increased risk of dementia.
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1

2

Variable Non-dementia n p Dementia n p p
S-Bi,, pmol/l +HCS 314.0x177.5 45 0.521 317.3x197.7 164 0.754  0.998
-HCS 353.9%x266.2 78 326.9*x261.8 182 0.280
S-folate, nmol/l  +HCS 10.1+5.9 60  0.137 9.3+47 195 0.064 0.461
-HCS 11.3*6.1 99 10.3*5.3 211 0.167
P-tHcy, pmol/l ~ +HCS 224%12.0 28 0.007 21479 73 0.064 0942
-HCS 16356 44 20.1+10.3 80 0.050
S-MMA, pmol/l +HCS 0.40%0.21 4 0.021 0.49£0.59 12 0.140  0.929
-HCS 0.20%0.11 14 0.28%+0.18 20 0.090
B-Hb, g/l +HCS 129.0£17.3 60 0.037 1274%*13.38 198  <0.001  0.602
-HCS 1344+ 14.8 95 133.5%15.8 198 0.624
B-MCV, fl +HCS 90.6 £6.0 45  0.537 90.3x4.8 147 0.703  0.765
-HCS 89.9+5.0 73 90.1+4.8 153 0.830
S-Alb, g/l +HCS 356149 57 0.004 355%43 186  <0.001  0.993
-HCS 37.8x4.5 94 37.2%143 191 0.328
P-Crea, pmol/l ~ +HCS 98.5x35.2 74 0.153 89.0£26.2 257 0.016  0.517
-HCS 91.3 %1289 119 99.1£60.7 263 0.957
eGFR +HCS 56.4+20.1 74 0.096 61.5%119.1 257 0.037  0.034
ml/min/1.73 m> -HCS 60.7 £18.8 119 58.5x18.9 263 0.180
BMI +HCS 23.5%14.5 48  0.180 23.4%x4.0 161 0.050 0.988
-HCS 244%*41 92 242%40 185 0.791

Values are means = SD. p values are calculated by t test on logarithmically transformed variables.
S-Bj, = Serum vitamin Byy; P-tHcy = plasma tHcy; S-Alb = serum albumin; P-Crea = plasma creatinine;
+HCS = has HCS; ~-HCS = has not HCS. ! Difference between the +HCS and ~HCS groups. 2 Difference

between the non-dementia and dementia groups.

Table 6. Odds ratio for dementia

associated with different
conditions

Discussion

Condition (yes/no)

OR for dementia (95% CI) p

Prescription of vitamin By, (yes)
Family history of dementia (yes)

HCS (yes)

2.01 (1.29-3.13)
1.50 (1.02-2.19)

1.47 (1.01-2.13)

0.002
0.032
0.044

Demented subjects more often received vitamin B, supplementation than did the non-
demented subjects. Despite high-dose oral or intermittent parenteral vitamin B, supple-
mentation, demented subjects still had significantly higher tHcy values and lower B-Hb and
serum albumin than non-supplemented demented subjects. At the same time, there were no
significant differences in B-MCV, BMI or eGFR.
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Hcy is regarded as an independent risk marker of dementia and Alzheimer’s disease
[10-12]. The association between vitamin B, and folate deficiency and dementia has been
observed even in subjects without hematological signs of vitamin B deficiency [26]. Unfor-
tunately, tHcy concentrations in addition to vitamin B deficiency may be influenced by a
large number of genetic, physiological and lifestyle factors, impaired renal function being
one of the most important confounders. Proper assessment of renal function is thus crucial.
In addition to plasma creatinine, we calculated eGFR, which is considered a more precise
marker of renal function.

Prior to the visit to our Memory Care Unit, clinicians had recognized the need for vita-
min B, prescriptions in a significant portion of the studied subjects. About 30% in the de-
mentia group and about 20% in the non-dementia group were supplemented with vitamin
By, at the time of the first visit at the Memory Care Unit. It is reasonable to assume that vi-
tamin By, was originally prescribed because of low serum vitamin By, concentrations, but we
were not able to retrieve data on how long the subjects had been prescribed vitamin B, be-
fore attending the Memory Care Unit. In the present material, there were no differences in
serum vitamin B, concentrations between subjects with or without dementia. A paradox
finding was that subjects with vitamin B;, prescription actually had higher levels of both
plasma tHcy and S-MMA (table 3). The reason for this is obscure, but could be related to a
generally inferior health status and frailty among subjects receiving vitamin By, prescrip-
tions. Those elderly receiving HCS had a poorer nutritional status and lower muscle mass.
This could result in a misinterpretation of plasma creatinine values, being lower than they
should be in relation to renal function. However, renal function as judged by eGFR did not
differ between the groups in our material, so this is probably not an explanation for the high-
er plasma tHcy and S-MMA concentrations among patients receiving vitamin By, supple-
mentation. Other explanations could be that the prescribed vitamin B}, doses or dosage in-
tervals were insufficient to meet the demands of the patients, that bioavailability of the given
vitamin By, preparation was too low, the duration of treatment too short, that compliance -
especially in the demented group - was poor, or that many subjects suffering from vitamin
By, deficiency simultaneously had unrecognized folate deficiency before starting with vita-
min B}, supplementation. Oral vitamin B, administration, which in Sweden nowadays is the
prevailing way of supplementation [27], has an inherent risk of poor compliance. Compared
to intermittent parenteral vitamin By, therapy, high-dose (1 mg/day) oral preparations have
been demonstrated to be equally effective for maintenance therapy and even sufficient for
the treatment of pernicious anemia [28]. The vitamin B, doses in some oral multivitamin
prescription preparations might, however, have been too low to cover the needs of all patient
groups [29]. At the time when the study material was collected, there was no widespread use
of multivitamin prescription preparations in Sweden. In our material, we only registered
high-dose oral or intermittent injectable preparations of vitamin By,, the by far prevailing
treatment option. The notion that insufficient treatment (too low doses, too short duration,
too large dosage intervals and poor compliance) might be responsible for the paradoxical
finding of higher tHcy and S-MMA values among subjects on vitamin By, treatment is cor-
roborated by the observation of relatively small differences in serum vitamin B;, concentra-
tions between the supplemented and non-supplemented groups in our material (dementia:
p = 0.025; non-dementia: p = 0.020). These factors, in addition to a general poor nutritional
and health status, could explain higher MMA and tHcy levels in subjects with vitamin B,
prescriptions in our material.

HCS is obviously not a guaranty of maintaining adequate nutritional status of the en-
rolled elderly subjects (table 5). Under- and malnutrition is a neglected problem even among
institutionalized geriatric patients in Sweden [30]. This is reflected in our material too, since
tHcy was generally higher in subjects assigned to HCS. This difference was most pronounced
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among the non-demented subjects (p = 0.007), but we also observed a higher tHcy level in
the dementia group receiving HCS, though it did not reach statistical significance (p = 0.064).
Two Finnish studies found that the majority of elderly Finnish home care patients were un-
dernourished according to Mini Nutritional Assessment [31, 32]. BMI and serum albumin
are useful biomarkers of the general nutritional status, especially among the elderly [33, 34].
The finding that both demented and non-demented subjects with HCS had significantly
lower serum albumin than the subjects without supports the notion that HCS in our mate-
rial does not provide adequate nutrition. An alternative explanation could of course be ‘con-
founding-by-indication’. Indeed, BMI was also lower among patients receiving HCS, but only
in the demented group (p = 0.050). The lower BMI may primarily be related to dementia itself
and, as a result of this, increased requirement of HCS, rather than being caused by poorer
general nutritional status as a consequence of HCS [35]. Further, HCS was a significant pre-
disposing factor of dementia (odds ratio, OR 1.50, range 1.02-2.19), a finding most likely
representing a reversed causality phenomenon. On the other hand, ‘meals on wheels’ com-
bined with microwave heating, which is often provided by HCS, may negatively affect the
vitamin B content of food [36].

HCS is in Sweden most often provided by the local community, and most of the expen-
ditures for this service are paid by taxes. This service is intended to meet the requirements
of free-living elderly and to allow them to stay self-supplied as long as possible and thereby
postpone premature institutionalization. Sufficient nutrition must be one of the goals of
HCS. Our findings of low serum albumin, elevated Hcy, high MMA, and low serum folate
indicate that there are shortcomings in the HCS with regard to provision of an adequate nu-
tritional status among the elderly in the studied group. Hcy has been proposed as a suitable
biomarker for malnutrition [37-39].

We hypothesized that the group with a positive family history of dementia, which could
indicate involvement of inherited factors in the development of dementia, would present
changes in Hcy-related biomarkers. Indeed, we found a higher tHcy concentration in de-
mented subjects with a positive family history of dementia (table 4). A possible explanation
might be malfunction in the folate metabolism due to genetic polymorphisms, e.g. carrier
state of the common methylenetetrahydrofolate reductase (MTHFR) 677C>T polymor-
phism [40]. Another possibility that we have looked into previously could be mutations in
folate receptor-a [41, 42].

High tHcy has previously been proposed to be an independent risk factor for dementia
(11, 12, 43, 44]. Our findings support a potential connection between high tHcy levels and
dementia and that this association might be partly related to inherited factors and partly to
environmental factors, such as poor nutrition. A positive family history of dementia in-
creased the OR of having a dementia diagnosis by a factor of 1.5. This is a slightly lower OR
compared to earlier epidemiological findings in a Swedish population-based sample, where
the relative risk for subjects with a positive family history of dementia was 3.2 [17].

Perhaps the most likely explanation of the higher levels of tHcy concentrations in sub-
jects prescribed vitamin By, is that supplementation with vitamin B, may induce a relative
intracellular folate deficiency due to increased intracellular demands of folate. Increase in
tHcy after mono-supplementation with vitamin Bj, has been reported earlier [45]. Consis-
tent with this ‘folate stress’ hypothesis, both dementia and non-dementia subjects with vita-
min B, prescription also had significantly lower serum levels of folate. However, this hy-
pothesis does not explain the elevated MMA concentrations in the same patient group.

A limitation of this study is that the database does not include information about the
prescription of folic acid or the duration of and compliance with vitamin By, supplementa-
tion, but we know that in 1995-2000, when the present study population was recruited, the
use of multi-B vitamin prescriptions containing lower vitamin By, doses than vitamin B,
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mono-tablets (0.5 vs. 1 mg/tablet) in Sweden was not widespread, and we used a serum folate
cutoff level of 35 nmol/l as an exclusion criterion, which has been proposed to discriminate
quite well between those taking folic acid supplements (including subjects taking over-the-
counter multi-B vitamins) and those who do not [25]. Another restraint is that the data set
was not complete with regard to medical history information and blood biomarkers in all
subjects. While medical history information could be retrieved in almost all cases, informa-
tion on biochemical parameters was in part incomplete.

In summary, we observed that tHcy levels were higher among subjects who were supple-
mented with vitamin By,. This finding could not be explained by poorer renal function
among these subjects. Further, we identified a positive family history of dementia and the
need for HCS as contributing factors to this paradoxical finding. Thus, regular monitoring
of the nutritional status in elderly geriatric patients is necessary. A broader approach to im-
prove nutrition especially among demented elderly is warranted [46]. HCS providers might
need to pay greater attention to nutrition and compliance in demented and non-demented
subjects. We advocate a more active use of biomarkers as an aid to earlier identify subjects
being at risk of nutritional insufficiency and to improve quality of health care among free-
living as well as institutionalized elderly.
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