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Abstract

Background Intracellular B-vitamin and folate deficiency indicated by hyperhomocystei-
nemia is very frequent in the elderly population. Hyperhomocysteinemia increases the risk
of atherothrombotic diseases and neuropsychiatric complications. Our aim was to evaluate
the prevalence of increased serum metabolite concentrations in subjects of a higher age,
and whether the measurement of metabolite concentrations is more effective in diagnosing
B-vitamin deficiency than mere homocysteine.

Materials and methods Homocysteine (HCY), cystathionine (CYS) and methylmalonicacid
(MMA) were investigated in serum together with vitamin B-12, B-6 and folate in 90 high-aged
subjects (85-102 years), 92 seniors (65—75 years), and in 50 younger subjects (19-50 years).

Results Elderly subjects (high-aged and senior) had elevated serum concentrations of meta-
bolites. High-aged subjects had a higher frequency of pathological increases than seniors: HCY
62% vs. 24%; MMA 62% vs. 23%; CYS 81% vs. 36%. Folate and vitamin B-6 concentrations
were significantly decreased in both elderly groups; vitamin B-12 was only decreased in high-
aged subjects. Utilising vitamin B-6, B-12 and folate for diagnosis of intracellular vitamin
deficiency, the rate was 30% in seniors and 55% in high aged subjects. However, utilising the
metabolites (HCY, MMA and CYS) for the diagnosis of intracellular vitamin deficiency, there
was a distinctly increased rate of 55% in seniors respective to 90% in high-aged subjects.
Backward multiple regression analysis revealed that only folate, MMA, creatinine and age were
independent variables influencing the HCY concentration. Furthermore, the MMA
concentration was significantly and independently influenced by folate, vitamin B-12, HCY
and creatinine, and the serum concentration of CYS by vitamin B-12, creatinine and age.

Conclusion The metabolites HCY, MMA and CYS are sensitive indicators diagnosing
impaired remethylation of homocysteine to methionine with parallel activation of catabolic
pathway. Compared to mere HCY or B-vitamins in serum, the efficiency of diagnosing a
disturbed HCY metabolism increases very much in utilising the metabolites HCY, MMA
and CYS. For differential diagnosis, parallel measurement of folate and creatinine is
recommended. The early and correct diagnosis of B-vitamin deficiency in elderly subjects is
of high clinical relevance.
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Figure 1 Metabolism of homocysteine. SAM, S-adenosyl-
methionine; SAH, S-adenosyl-homocysteine; HCY,
homocysteine; CYS, cystathionine; a-KBT, a-ketobutyrate; PRP-
CoA, propionyl-CoA; MMA, methylmalonic acid; D-MM-CoA,
D-methylmalonyl-CoA; L-MM-CoA, L-methylmalonyl-CoA;
SUC-CoA, succinyl-CoA; THF, tetrahydrofolate; 5-MTHF,

other involved enzymes [6]. In the elderly, metabolic
evidence of intracellular vitamin B-12, vitamin B-6 and
folate deficiency is more frequent than low serum vitamin
concentrations [1,7].

Figure 1 illustrates the interaction of folate and vitamin
B-12 in metabolism. The essential amino acid methionine
provides methyl group to other synthetic steps within the
cell and HCY is formed. The cycle is completed by
remethylation of HCY to methionine. The remethylation
of HCY to methionine, catalysed by methionine synthase,
requires 5-methyltetrahydrofolate — which is formed from
5,10-methylentetrahydrofolate by the methylenetetrahy-
drofolate reductase (MTHFR) — and vitamin B-12 in the
form of methylcobalamin. In the catabolic pathway, HCY
is condensed with serine to form cystathionine (CYS).
This reaction is catalysed by cystathionine b-synthase,
which is vitamin B-6 dependent. Cystathionine is hydro-
lysed in another vitamin B-6 dependent reaction to cysteine
and a-ketobutyrate [2]. Blockage of either pathway results
in elevated HCY concentration. This may occur in the
case of inborn errors of metabolism or deficiency of folate,
vitamin B-12 or vitamin B-6 [2,3,5,8,9]. HCY may also be
elevated in patients with renal insufficiency [10-12]. As
shown in Fig. 1, another metabolic pathway also requires
vitamin B-12: the rearrangement of L-methylmalonyl-CoA
to succinyl-CoA is catalysed by L-methylmalonyl-CoA
mutase, a vitamin B-12 dependent enzyme. In vitamin B-12
deficiency, L-methylmalonyl-CoA mutase is impaired due

D-MM-CoA —>» MMA

® I

L-MM-CoA

&1
SUC-CoA

5-methyltetrahydrofolate; 5,10-MTHEF, 5,10-
methylenetetrahydrofolate; AA, amino acids; FA, fatty acids.

1, methioninesynthase; 2, serine-hydroxy-methyltransferase;

3, N°,N'%_methylene-tetrahydrofolatreductase; 4, cystathionine-
b-synthase; 5, cystathionase; 6, L-methylmalonyl-CoA-mutase.

to a lack of adenosylcobalamin. Increased concentrations
of methylmalonyl-CoA are hydrolysed and lead to elevated
amounts of methylmalonic acid (MMA). Increased serum
concentration of HCY is an indicator of functional
intracellular deficiency of vitamin B-12 and folate, whereas
enhanced MMA concentration is a more specific indicator
for vitamin B-12 deficiency, only [2,7,13,14]. Increased
serum concentration of CYS occurs for both vitamin B-12
and vitamin B-6 deficiency [7,15]. HCY and CYS are
expected to be increased in intracellular vitamin B-6
shortage [16].

Megaloblastic anaemia is often an early symptom of
vitamin B-12 shortage. Because a shortage of vitamin B-12,
but not folate, can cause neurological damage, it is
clinically important to diagnose the actual deficiency,
which is helpful in order to prescribe the correct therapy
[17-19]. The prevalence of elevated metabolite concen-
trations and potential risk factors for related diseases, such
as neuropsychiatric [18,20] and atherothrombotic dis-
orders [8], are very frequent in the elderly.

In recent years, multiple studies have associated
moderate hyperhomocysteinemia with premature cerebro-
vascular, peripheral, and coronary artery disease [8,21-26].
In a study of 1041 elderly subjects from the Framingham
Study cohort, it was found that higher plasma HCY
concentrations were related to poor status for the vitamins
B-6, B-12 and folate as well as to increased prevalence of
carotid-artery stenosis, a risk factor for stroke [25,27].
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Therefore, a disturbed methionine metabolism with
moderate hyperhomocysteinemia, regardless of cause, is
accepted as an independent atherogenic risk factor.

The aim of this study was to evaluate the prevalence of
increased serum concentration of HCY and other related
metabolites in two age groups: seniors and high-aged
subjects. Furthermore, we wanted to clarify whether the
determination of HCY in combination with the other
metabolites tells us more about intracellular impairment of
HCY metabolism in advanced age than B-vitamin serum
concentrations.

Subjects

We investigated 90 high-aged individuals (also called
‘longeval’; 65 female, 25 male; median age 89 [85-102]
years), 92 seniors (51 female, 41 male; median age 71
[65—75] years) and 50 younger subjects (37 female, 13
male; median age 28 [19-50] years). All elderly subjects
were living at home independently and were able to carry
out all usual daily activities on their own or with minimal
help without any acute illness. None of them had a clinical
history of acute cerebrovascular event or myocardial
infarction. No active malignant process was present.
There was no concomitant treatment with iron, vitamins
or cytotoxic drugs. The most frequent chronic diseases in
the high-aged subjects were arterial hypertension (24%),
cardiac insufficiency (56%), coronary heart disease (31%)
and NIDDM (24%). The most frequently-used prescribed
drugs in the group of high aged subjects were as follows:
digitalis 38%, diuretics (28%), ACE inhibitors (33%),
nitrate (27%), acetyl salicylic acid (21%), antidiabetes
drugs (14%) and antihypertension drugs (19%).

Laboratory tests

All tests were carried out in serum that was separated from
whole blood (4 °C) by centrifugation within 45 min after
vein puncture and stored at — 70 °C.

Serum metabolites, total HCY, CYS and MMA, were
assayed by a modified capillary gas chromatography and
mass spectrometry method according to Allen er al. and
Stabler er al. [15,28] (capillary gas chromatograph 6890
with a mass selective detector 5973, Hewlett-Packard,
Germany). Vitamin B-6 was investigated by HPLC. Peaks
were separated under isocratic conditions and detected
with a fluorescence detector. Folate and vitamin B-12 were
measured with an Abbott IMX Analyser (Il, USA) utilising
the ion capture method and MEIA method respectively.
Serum creatinine was measured using the Jaffé method
without deproteinization (Roche Diagnostics, Germany)
on a Hitachi Analyser.

Statistical analysis

Median values, 5% and 95% percentiles, Mediantest, Mann—
Whitney test, correlation analysis by Spearman-Rho and
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backward regression analysis were calculated with the
software package SPSS (version 8-0 for Windows; SPSS
Inc., Chicago, IL, USA).

Results
Serum concentration of metabolites and B-vitamins

Multiple comparison (Mediantest) of the three groups has
shown significant differences (1% level) between the groups
for the following parameters: HCY, MMA, CYS, folate,
vitamin B-6 and creatinine. For vitamin B-12 we could only
find a significant difference between the younger subjects
and the longeval (high-aged) subjects. The serum concen-
trations of HCY, MMA, CYS and creatinine increased from
younger subjects over seniors to longeval subjects, while the
vitamin concentrations decreased in this order, Table 1.
Statistical evaluation of our data revealed for elderly
subjects (> 65 years) no gender dependent significant
difference in metabolite concentrations. Subdividing the
age groups according to their creatinine concentration, we
found that in both elderly groups, subjects with normal
serum creatinine had lower concentrations of the metabo-
lites HCY, CYS and MMA than those with increased
creatinine concentrations. However, vitamin B-12, vitamin
B-6 and folate did not significantly differ within the same
age group subdivided into normal and increased serum
creatinine. The frequency of pathologically increased meta-
bolites rose strongly from seniors to high-aged subjects,
Table 2. However, the frequency of lowered vitamin B/
folate concentrations in senior and longeval subjects also
raised significantly but less markedly. Utilising vitamin B-6,
B-12 and folate to diagnose intracellular vitamin deficiency,
the rate was 30% in seniors and 55% in longeval subjects.
However, when using metabolites HCY, MMA and CYS,
the rate was found much higher: 50% in seniors and 90% in
longeval subjects.

Relations of B-vitamins and metabolites

There was a significant inverse correlation between serum
concentration of vitamin B-12 with MMA, HCY and CYS
as well as a positive correlation with folate and vitamin B-6.
Additionally, MMA correlated negatively with vitamin B-6,
vitamin B-12 and folate but positively with HCY, CYS and
creatinine. The serum concentration of vitamin B-6
significantly correlated inversely with HCY, CYS, MMA
and creatinine but positively with folate and vitamin B-12.
The CYS concentration correlated significantly with HCY
and MMA but inversely with folate, vitamin B-6 and
vitamin B-12.

Multiple regression analysis

Backward multiple regression analysis revealed that only
folate, MMA, creatinine and age were variables that
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Table 1 Medians* of serum metabolite and vitamin concentrations for different age groups

Younger subjects

Seniors

Longeval subjects

(19-50 years; n = 50) (65 —75 years; n = 92) (85-102 years; n = 90) Significance
HCY (mmol L1 7-5 (5-0/10-0) 12-4 (8-1/17-9) 16-5 (10-1/37-8) s
normal: 5-15 mmol L™!
CYS (nmol LY 144-0 (79-8/247-6) 2471 (123-6/504-9) 529-2 (212-0/2689-2) s
normal: 65-301 nmol L™}
MMA (nmol L™} 1351 (92-7/294-0) 186-1 (89-4/3787) 342-7 (138-2/1691-4) s
normal: 73-271 nmol L™!
Vitamin B-6 (mg L™1) 15-4 (6-2/34-5) 7-3 (2:6/15°7) 6-0 (1:7/22-9) s
normal: 5:0-36+9 mg L™*
Vitamin B-12 (ng L™ 1) 334-5 (223-3/641-4) 345-0 (159-5/745-6) 262-6 (141-0/1005-2) ns
normal: 179-1132 ng L™}
Folate (mg L") 8:7 (5°5/12-4) 61 (3-4/9-5) 5-5 (3-3/11:3) s
normal: 2:8—-16-9 mg L™}
Creatinine (mg dL™1) 0-9 (0-8/1-1) 1-0 (0-8/1-4) 1-3 (0-9/2-9) s
normal: < 1-2 mg L™}
Age (years) 27-5 (19/43) 71-0 (65/75) 885 (85/96) s

*5% and 95% percentile in parenthesis. HCY, homocysteine; CYS, cystathionine; MMA, methylmalonic acid; s, significance within a

1% level between the groups (Mediantest); ns, not significant.

influenced the HCY concentration significantly and inde-
pendently while the serum concentration of B-vitamins did
not have a independent significant influence on the HCY
concentration in serum, Table 3. The same analysis has also
shown that the MMA concentration was significantly and
independently influenced by folate, vitamin B-12, HCY and
creatinine. The serum concentration of CYS was indepen-
dently modulated by vitamin B-12, creatinine and age.

Discussion

In the present study, we have measured serum concentra-
tions of the metabolites HCY, MMA and CYS in two

groups of elderly subjects and in a group of younger persons
together with their serum concentrations of B-vitamins,
folate and creatinine. This investigation confirms a high
prevalence of hyperhomocysteinemia in elderly subjects and
adds a further strong increase of the prevalence as well as of
the degree of hyperhomocysteinemia in higher age, which is
accompanied by a further increase of vitamin shortage that
concerns its serum concentration as well as its frequency.

Vitamin B-12 and methylmalonic acid

Ageing is accompanied by a higher prevalence of vitamin
B-12 deficiency [2,3,6,7,29,30]. In a trial on older patients

Table 2 Frequency of pathological serum concentrations of metabolites and vitamins in subjects of different age groups

Younger subjects Seniors Longevals
(n = 50) (n=92) (n = 90)
Frequency of increased concentrations (%)
HCY 0 24 62
MMA 4 23 62
CYS 4 36 81
Frequency of decreased concentrations (%)
Folate 0 0 1
B-12 2 9 20
B-6 4 23 40
Frequency of B-vitamin shortage diagnosed by:
metabolite determination* (%) 8 55 90
determination of serum vitamin concentrationt (%) 6 30 50

HCY, homocysteine; MMA, methylmalonic acid; CYS, cystathionine. *At least one of the metabolites (HCY, MMA,
CYS) was increased. TAt least one of the vitamins (B-6, B12, folate) was decreased.

© 2000 Blackwell Science Ltd, European Journal of Clinical Investigation, 30, 1083—1089



Table 3 Backward multiple regression analysis
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Independent variable Variables in the order of their removal

Variables with significant influence (10%)

HCY Vitamin B-12, Vitamin B-6, MTHFR, CYS Age 0-000
MMA 0-000
Folate 0-002
Creatinine 0-000
MMA CYS, Vitamin B-6, MTHFR, Age HCY 0-000
Folate 0-070
Vitamin B-12 0-056
Creatinine 0-005
CYS Vitamin B-6, MMA, Folate, MTHFR, HCY Age 0-001
Vitamin B-12 0-075
Creatinine 0-000

(mean age 80 years), about 90% of those with serum
vitamin B-12 < 150 pmol L™' showed evidence of tissue
vitamin B-12 deficiency (increased HCY concentration,
neutrophil hypersegmentation, or elevated MCV) [5].
Vitamin B-12 deficiency passes different stages from low
serum vitamin B-12, low cell-stored vitamin B-12, bio-
chemical vitamin B-12 deficiency, to clinical vitamin B-12
deficiency. Vitamin B-12 deficiency became manifest in
older patients at relatively higher serum concentrations of
vitamin B-12 than in younger subjects, possibly because of
lower concentrations of holotranscobalamin II in higher
age. Allen er al. [3] described subclinical vitamin B-12
deficiency as the most important deficiency in the elderly
population although vitamin B-6 and folate deficiencies
appear to play significant roles [27]. Elevated concentra-
tions of the metabolites HCY and MMA are described as
sensitive markers of vitamin B-12 status and suitable to
identify clinical as well as subclinical or cellular deficiency
[17,31]. Joosten et al. [7] have shown in an European
study that elderly healthy subjects have elevated concen-
trations of HCY and MMA while serum vitamin B-12 and
folate concentrations were in the low—normal range. Berg
et al. [32] reported increased serum MMA concentration
in 26% of healthy elderly subjects, but in 39% of geriatric
patients, while vitamin B-12 was only lowered in 6% res.
5%. In our study, healthy seniors had a frequency of
increased MMA concentration of 23% and in high-aged
subjects a further increase to 62% was observed. Con-
versely, serum vitamin B-12 was decreased in 9% res.
20%. Thus, the MMA concentration is more sensitive in
diagnosing an intracellular vitamin B-12 deficiency than
the measurement of vitamin B-12 concentration in serum.
MMA is a marker which mirrors the biochemical stage of
vitamin B-12 deficiency but does not represent vitamin
B-12 depletion, which precedes deficiency. Additionally,
backward regression analysis revealed that MMA is a
significant and independent, but not specific parameter of
intracellular vitamin B-12 deficiency. Folate also influ-
ences the MMA concentration. When using MMA as a
marker for vitamin B-12 deficiency, creatinine should be
normal and folate above 5 mg L™! (in our opinion the
lower normal value for folate of 2:8 mg L~ ! suggested by

the test kit manufacturer is too low and should be elevated
to 50 mg LY.

Vitamin B-6 and cystathionine

Our results emphasise that vitamin B-6 and B-12 deficien-
cies strongly increase with advancing age. In subjects with
intracellular vitamin B-6 deficiency, HCY and CYS con-
centrations in serum should be increased but the results
are not consistent [16,33]. In patients with homozygous
state for cystathionine-b-synthase deficiency, high concen-
trations of serum HCY were found and low or low—normal
concentrations of serum CYS [28]. To study the effect of a
selective vitamin B-6 deficiency on transsulfuration, Ubbink
et al. [34] performed oral methionine load tests on vitamin
B-6 deficient asthma patients treated with theophylline.
Compared with younger subjects, methionine loading
resulted in significantly higher increases in circulating
HCY and CYS concentrations in vitamin B-6 deficient
patients. Thus, vitamin B-6 deficiency may contribute to
impaired transsulfuration. In our study, vitamin B-6 had a
significant inverse correlation with HCY, CYS and MMA
but correlated positively with folate. The latter correlation
suggests that the increase of HCY and CYS by vitamin B-6
deficiency is possibly also induced by inhibition of the
serin-hydroxymethyl-transferase, a vitamin B-6 dependent
enzyme in the folate cycle (Fig. 1). This was very recently
confirmed by tracer experiments on rats [35]. These data
have shown that in vitamin B-6 deficient rats the formation
of methionine from serine via cytosolic serine-hydroxy-
methyl-transferase and remethylation pathway was reduced
by 81%. The deficiency did not significantly reduce
cystathionine-b-synthase activity and in vivo hepatic trans-
sulfuration flux increased by over two-fold. From this it
follows that in vitamin B-6 deficiency, less 5-methyl-
tetrahydrofolate is formed, leading to a disturbed remethy-
lation of HCY and increased metabolite concentrations in
serum, while the transsulfuration pathway was relatively
insensitive to vitamin B-6 deficiency. Additionally, back-
ward regression analysis of our data revealed that the
CYS concentration was significantly and independently
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influenced by vitamin B-12, creatinine and age. This
confirms that in elderly subjects, the CYS concentration is
not directly modulated by vitamin B-6 level. Therefore
CYS is not a specific indicator for vitamin B-6 deficiency,
but for in B-vitamin/folate deficiency in general.

Renal function and homocysteine

The concentration of HCY does not only depend on age,
gender, menopausal or vitamin status [36] but also seems
to be influenced by renal clearance [37]. The renal clear-
ance capacity substantially declines with age. About 2/3 of
our high aged subjects and 1/3 of our senior subjects had
increased serum creatinine, indicating a reduced glome-
rular filtration rate. In our study, serum creatinine corre-
lated highly significantly with metabolite concentrations,
confirming the role of the kidney as an important organ in
HCY metabolism. The aetiology of hyperhomocysteine-
mia in patients with chronic renal disease is not well
understood. Under normal conditions, 20—30% of plasma
HCY is freely filtered, but < 1% of the produced total
HCY is excreted into the urine, excluding decreased renal
excretion as a factor for hyperhomocysteinemia in renal
disease [10,11,38]. The remethylation of HCY in the renal
metabolism plays an important role for the HCY clearance
[10,11,37,39]. The renal uptake and metabolism could
account for approximately 70% of daily HCY elimination
from plasma [11]. The loss of normal renal metabolism
plays a crucial role in the B-vitamin refractory hyper-
homocysteinemia frequently seen in end-stage renal
disease [11,40]. Further experiments will be necessary to
characterise the potential circulating inhibitors of HCY
remethylation in renal failure, which are largely unknown
[41]. Backward regression analysis of our data revealed
that the serum concentrations of HCY, MMA and CYS
were significantly and independently influenced by crea-
tinine. This suggests, that in elderly subjects with renal
insufficiency, the remethylation of HCY to methionine is
strongly impaired, causing hyperhomocysteinemia with
simultaneous activation of the catabolic pathway. In our
study we found an inverse correlation of HCY with folate
and B-vitamins. However, from backward regression
analysis, it follows that only folate influences the HCY
concentration significantly and independently.

In conclusion, the early and correct diagnosis, as well as
treatment of impaired HCY metabolism due to intra-
cellular B-vitamin deficiency, is of clinical importance
because it can prevent irreversible neurological damages in
subjects with vitamin B-12 deficiency, which is very fre-
quent in elderly persons. The measurement of B-vitamins
in serum fails to sensitively diagnose intracellular distur-
bances in B-vitamin dependent HCY metabolism. The
measurement of the metabolite concentrations HCY,
CYS and MMA is much more effective in diagnosing
an impaired HCY metabolism caused by intracellular
B-vitamin deficiency as well as renal insufficiency. Com-
pared to mere HCY or B-vitamin measurement in serum,
the diagnostic efficiency of identifying subjects with

impaired HCY metabolism increased by 50-100% when
utilizing all three metabolites. Instead of the methionine
load test (difficult to practise in higher age), which
identifies subjects who already have a functionally distur-
bed HCY metabolism but normal fasting HCY, the
determination of the metabolites helps to diagnose a
functionally impaired HCY metabolism with latent
vitamin deficiency. The measurement of folate and creati-
nine in combination with metabolites helps to differentiate
B-vitamin deficiency from folate shortage and/or renal
insufficiency.
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