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Chapter 1 

Introduction 



Biology of cobalarrun 

Vitamins are coenzymes, which on their turn are organic cofactors that must be supplied 
in the diet to permit proper growth or maintenance Many enzymes require cofactors like vitamins 
to exert their catalytic activity Because of its bright red colour, cobalamin or vitamin Β12 is also 
known as a pigment of life 

Structure 

Cobalamin (Figure 1 1) is made up of four pyrrole rings (Α-D) Three are joined by 
intervening carbon units and the last pair by a direct link This ring is the comn nucleus In 
cobalamin the four pyrroles have a cobalt atom at the centre to which they are all joined A 
nucleotide (5,6-dimethylbenziminazole) is also attached to the central cobalt atom as well as to 
one of the pyrrole rings by a sugar (nbofuranose) and a chain called amino-2-propanol Not only 
is the cobalt attached to the four pyrrole rings and to benziminazole but has a further valency that 
carries a ligand - either methyl, deoxyadenosyl or hydroxo and, in an abnormal situation, either 
cyano or sulphite The first three are the physiological analogues The cobalt atom exits in a 
variable state of oxidation fully reduced it is termed Cob(I)alamin as in the form required for 
synthesis of methionine, partially oxidised is Cob(II)alamin, and fully oxidised Cob(III)alamin 
The anaesthetic gas nitrous oxide (N2O) acts as an oxidizing agent converting cob(I)alamin to a 
biologically inactive form Prolonged N2O inhalation in man produces fatal megaloblastic anemia 
and intermittent inhalation neuropathy Cobalamin reductases are present in both the cytosol and 
mitochondria of cells They affect Cob(I)alamin formation and their absence gives rise to rare 
inherited methylmalomcaciduna and homocystinuna (Figure 1 2) 

Source 

The source of cobalamin is microbial synthesis Although, in man bactenal synthesis takes 
place in the large bowel, absorption from these sites cannot take place Therefore, man is entirely 
dependent on dietary sources of cobalamin Cobalamin is present in all food products of animal 
origin including meat, fish, poultry and dairy products Liver, a main storage organ, is a very neh 
source A normal Western diet supplies about 5 μg cobalamin daily The Dutch recommended 
dietary intake for older persons is 2 5 μg/day The human body has large cobalamin stores mainly 
in the liver, which is sufficient for at least three years 

Absorption 

The absorption of cobalamin appears to result from an orderly sequence of events (Figure 
1 2) In food, cobalamin is bound to protein (Figure 1 2, step 1) In the stomach, cobalamin is 
liberated from its protein binding by gastric acid and pepsin (Figure 1 2, step 2) Thereafter, it is 
bound to haptocomn from saliva and this complex is transported to the duodenum (Figure 1 2, 
step 2) Here, pancreatic enzymes cleave the haptocomn-cobalamin bond whereupon cobalamin 
binds to intrinsic factor, which is synthesised by the gastnc parietal cells (Figure 1 2, step 3) In 
the terminal ileum the cobalamin-intnnsic factor complex binds to special receptors and is 
absorbed (Figure 1 2, step 4) 
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Figure 1 1 Cobalamin The four pyrrole rings are numbered A, B, C, and D A nucleotide 
(benziminazole) is set at a right angle to the plane of the corrin nucleus The nucleotide as well as 
each of the four pyrrole rings is also attached to cobalt at the center of cobamide 
Ligand (-R) -CN cyanocobalamin, -OH hydroxocobalamin, -H2O aquacobalamin, -NO2 
nitritocobalamin, 5'-deoxyadenosyl 5'-deoxyadenosylcobalamin, -CH3 methylcobalamin 
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Figure 1.2 Cobalamin metabolism with identification of possible causes of cobalamin deficiency. 
1. Inadequate cobalamin intake; 2. Malabsorption due to atrophic gastritis, food cobalamin 
malabsorption; 3. Malabsorption due to absence of intrinsic factor (pernicious anemia or 
congenital intrinsic factor deficiency), pancreatic insufficiency; 4. Malabsorption due to 
conditions affecting the ileum wall or lumen, dysfunction of the intrinsic factor receptor 
(Imerslund-Gräsbeck); 5. Transcobalamin deficiency or abnormalities; 6. Lysosymal trapping of 
cobalamin (cobalamin F mutants) ; 7. Impaired reduction of cobalamin (cobalamin C, D mutants); 
8. Impaired synthesis of methylcobalamin (nitrous oxide and cobalamin E, G mutants); 9. 
Impaired synthesis of adenosylcobalamin (cobalamin mutants A, B); 10. Abnormal methymalonyl 
CoA-mutase (cobalamin mutants00'"). Abbreviations: Cbl: cobalamin; Cbl1: fully reduced cobalt 
atom; Cbl3: fully oxidised; HC: haptocorrin; IF: intrinsic factor; TC: transcobalamin; tHcy: total 
homocysteine; adoCbl: adenosylcobalamin; MMA: methylmalonic acid. 

5 



Binding proteins 

After absorption, cobalamin appears in the circulation bound to transcobalamin. 
Transcobalamin is a polypeptide that is synthesised by the liver, ileal, and endothelial cells and 
perhaps other cells as well. Approximately 6 to 20% of endogenous cobalamin in blood is bound 
to transcobalamin. Transcobalamin is responsible for transport and cellular uptake of cobalamin. 
Deficiency of transcobalamin is associated with severe megaloblastosis in infancy (Figure 1.2, 
step 5). 

Cobalamin and cobalamin-analogues from cells return to the liver bound to haptocomn. 
Haptocorrin is a glycoprotein synthesised by cells like hepatocytes, erythrocyte precursors, 
granulocytes and salivary glands. Its function is poorly understood. It has been proposed that 
haptocorrin has a bacteriostatic function by preventing absorption of cobalamin by micro
organisms and a stabilising effect on cobalamin to protect it from photolysis. In contrast to 
subjects with a transcobalamin deficiency, subjects with haptocorrin deficiency have no clinical 
symptoms. 

The liver is the main storage organ of cobalamin. From the liver, cobalamin either returns 
to plasma bound to transcobalamin or is excreted into bile bound to haptocorrin as the first step of 
an effective enterohepatic circulation. 

Biochemical role 

The transcobalamin-cobalamin complex is internalised into cells where cobalamin is 
converted to the two active forms of cobalamin, 5'-deoxyadenosylcobalamin and 
methylcobalamin. They serve as coenzymes in two enzymatic reactions. In the first, 5'-
deoxyadenosyIcobalamin acts as a cofactor in the conversion of methyImalonyl-CoA to succinyl-
coA by methylmalon-CoA mutase (Figure 1.3). In cobalamin deficiency, the conversion of 
methylmalonyl-CoA to methylmalonic acid results in increased plasma methylmalonic acid 
concentrations. In the second enzymatic reaction, methylcobalamin transports a methyl group 
from methyltetrahydrofolate to homocysteine, in the methy lation of homocysteine to methionine 
(Figure 1.4). In cobalamin deficiency, plasma homocysteine concentrations are increased. 

Inherited disorders of cobalamin utilization present with methylmalonaciduria and/or 
homocystinuria. Those with only methylmalonylaciduria include cobalamin Α, Β and F mutants 
as well as defects in the enzyme methylmalonyl-CoA mutase (i.e. cobalamin mutants0or") (Figure 
1.2, steps 6,9 and 10). Those with methylmalonylaciduria and homocystinuria include cobalamin 
C and D mutants (Figure 1.2, step 7). Cobalamin E and G mutants only show homocystinuria 
(Figure 1.2, step 8). 
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Cobalamin deficiency 

Plasma cobalamin concentrations m older persons 
In the early nineties two developments concerning cobalamin deficiency happened at the 

same time First, the cobalamin radioassay was sharply criticised Second, the clinical relevance 
of the high prevalence of low plasma cobalamin concentrations in the elderly was addressed 

Measurement of plasma cobalamin concentrations is the most frequently used method for 
detection of cobalamin deficiency Till 1965 the cobalamin assay was carried out by 
microbiological techniques using Lactobacillus leichmannu and Euglena gracilis Thereafter 
these assays were replaced by radioassays The release of cobalamin in plasma from its binders is 
achieved by heat in an acid buffer in the presence of cyanide Then radioactive cobalamin 
(usually 57Co-cobalamin) is added The more cobalamin present in the plasma sample, the greater 
the dilution of 57Co-cobalamin Next a cobalamin-binding agent is added to the sample so that a 
proportion of the cobalamin (mixture of free native cobalamin and added 57Co-cobalamin) is 
absorbed to the cobalamin-binding agent In the late seventies it was reported that a substantial 
number of cobalamin deficient patients had normal plasma cobalamin concentrations as measured 
with commercial radioassays In these kits the binding protein was mainly haptocomn (R-
binders) rather than intrinsic factor Haptocomn binds both active (or true) cobalamin and 
cobalamin analogues that are inactive tor humans Ever since that time purified hog intrinsic 
factor is used as the binding agent in the radioassays After the introduction of these improved 
kits, however, studies reporting on the low specificity of the cobalamin assay were published 
( 1,2) Some experts even cautioned against broad screening for cobalamin deficiency in the 
geriatric population because a high proportion of patients with low values did not appear to be 
deficient of the vitamin (3) 

Mollin and Ross (4) noted in their 1952 study of serum cobalamin measurements that 
subjects aged 71 -93 years had lower cobalamin concentrations than did 15-40 year old subjects 
Many subsequent comparative studies showed that the elderly have a significantly higher 
prevalence of subnormal cobalamin concentrations, lower mean cobalamin concentrations, or 
both, compared with younger adults, and in some cases there was an inverse correlation between 
age and plasma cobalamin concentrations (5-15) However, there has not been unanimity Some 
studies found none of these associations with age (6-20) This variability is reflected by the 
reported prevalence rates for low cobalamin concentrations in the elderly, which vary enormously 
from 3% to 44% (5,6,8,10,17,19,21,22) The prevalence of low cobalamin concentrations in 
young and middle-aged adults is estimated between 0 8% and 2 5% (5,11) The prevalence of 
low cobalamin concentrations in Dutch older subjects had scarcely been studied In Dutch 
participants of the SENECA study, a Study in Europe on Nutrition and the Elderly a concerted 
action, the prevalence of low cobalamin concentrations was about 10% (23) Much of the 
variation can be explained by differences in population groups studied or in the methodology 
used ( 12,18) Despite these variations and the important fact that virtually all studies have been 
cross-sectional rather than longitudinal in nature, they provided evidence that the prevalence of 
low cobalamin concentrations increases with age 

Stronger support for a true increase of the prevalence of low cobalamin concentrations 
came from a longitudinal study in 1991 of older Swedish subjects in which a decline in cobalamin 
concentrations was documented as subjects aged from 70 to 81 years (24) Since the cobalamin 
concentrations declined most noticeably in those subjects whose concentrations tended to be 
lower at the beginning of the study, it was hypothesised that the decline in cobalamin status was 
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not a physiologic, age-related change It appears instead that some older subjects are more 
predisposed than others by an as yet unknown, dysfunction or disease 

However, from the beginning it was obvious that most of the low cobalamin 
concentrations in the elderly were not associated with the usual clinical abnormalities of 
cobalamin deficiency (see below) (6,7,10,12,17,19,22) Reports that treatment neither changed 
the blood count nor provided any obvious clinical or subjective benefit beyond a placebo effect 
(25) and that withholding treatment brought no evident deterioration (26) further solidified the 
impression that the low cobalamin concentrations in older patients do not have clinical 
consequences 

Despite an early suggestion in 1957 that low cobalamin concentrations might represent 
biochemical identifiable, pre-clmical manifestations of deficiency (15), it was not until more 
sensitive methods became available, ι e the plasma methylmalonic acid and total homocysteine 
assays, that this could adequately be addressed 

Before discussing the clinical significance of low plasma cobalamin concentrations in 
older persons the classical cobalamin deficiency states will be described first 

Classical deficiency 
Cobalamin deficiency is judged clinically by two criteria One criterion is the clinical and 

laboratory expression of deficiency The classical manifestation is megaloblastic anemia with its 
macrocytosis, hypersegmentation of neutrophil nuclei, typical bone marrow changes and frequent 
pancytopenia In addition, cobalamin deficiency can be manifested by neurological dysfunction, 
whose typical form is sub-acute combined degeneration of the spinal cord but also includes 
peripheral neuropathy and mental abnormalities like cognitive dysfunction, confusion, 
disorientation, hallucinations, psychosis, depression, violent behaviour and personality changes 

The second criterion by which cobalamin deficiency is judged clinically is the process by 
which it arises Many possible causes must be considered Classical is cobalamin malabsorption 
Usually a failure of gastric intrinsic factor secretion is responsible (despite its hematological 
name, pernicious anemia is a gastroenterological disorder defined by the absence of intrinsic 
factor) Alternatively, conditions causing intestinal dysfunction like Crohn's disease or resection 
of the ileum may cause cobalamin malabsorption Both types of disorders can be diagnosed by 
the classical cobalamin absorption test called the Schilling test, which investigates the free, ι e 
crystalline cobalamin absorption 

Clinical significance of low cobalamin concentrations in older persons 

As mentioned above, most of the low cobalamin concentrations in older persons are not 
associated with the usual clinical abnormalities of cobalamin deficiency Indeed, megaloblastic 
bone marrow changes were noted in 25-31%, anemia in 13-36%, macrocytosis in 4-27% and 
hypersegmentation in 7-14% and neurological abnormalities in 16-32% of older persons with low 
plasma cobalamin concentrations (6,10,12,17,19,22,27-29) Furthermore, results on the Schilling 
test were normal in 50-83% of subjects (10,22,29-32) 

In 1988, two clinical studies on the clinical expression of pernicious anemia in patients of 
all ages were published Ralph Carmel (33) showed that 14% of patients with otherwise proven 
pernicious anemia have normal mean cell volumes and normal hemoglobin concentrations John 
Lindenbaum (34) described 40 patients with neuropsychiatrie abnormalities who benefited from 
cobalamin supplementation but who had minimal to no hematological changes (normal 
hematocrit in 34 patients and normal mean cell volume in 19 patients) These two studies showed 
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that hematological abnormalities are not always present and neuropsychiatrie abnormalities can 
occur in the absence of hematological abnormalities in young pernicious anemia patients 
Furthermore, Lindenbaum et al (34) found increased plasma methylmalonic acid and/or total 
homocysteine concentrations in all patients with neuropsychiatrie abnormalities In every 
instance, the concentrations of methylmalonic acid and total homocysteine fell after treatment 
with cobalamin Therefore, Lindenbaum et al (34) concluded that serum methylmalonic acid and 
total homocysteine measurements, before and after treatment, are useful in the diagnosis of 
cobalamin deficient patients without hematological abnormalities 

As mentioned before, cobalamin is needed as cofactor in two enzymatic reactions In case 
of cobalamin deficiency plasma concentrations of methylmalonic acid and homocysteine are 
increased Already in 1962, Cox et al (35) reported that the plasma methylmalonic acid 
concentration in the unne of patients with untreated cobalamin deficiency was increased 
However, because the determination of the concentrations of methylmalonic acid and 
homocysteine (in unne and even more so in plasma) was labonous and time-consuming, 
measurement of these metabolites was not used in the work up of cobalamin deficiency It was 
not until the late eighties with the development of sensitive laboratory techniques like the HPLC 
and gas chromatography and mass-spectrometry that measurement of the metabolites became 
available for clinical purposes It appeared that plasma methylmalonic acid and homocysteine 
were increased in 95% to 100% of patients with an otherwise proven clinical cobalamin 
deficiency (i e hematological or neurological abnormalities as a result of cobalamin deficiency) 
and that the increased concentrations normalised after treatment with cobalamin (36-39) 
Furthermore, measurement of both metabolites made it possible to differentiate between 
cobalamin and folate deficiency because contrary to plasma homocysteine concentrations, plasma 
methylmalonic acid concentrations are only rarely increased in folate deficient patients Thus, 
measurement of plasma methylmalonic acid and homocysteine concentrations provides 
biochemical evidence of cobalamin deficiency at the cellular concentration Measunng these 
metabolites could be very helpful in the determination of the clinical relevance of low plasma 
cobalamin concentrations in older persons 

Possible causes of cobalamin deficiency in older persons 

Inadequate cobalamin intake 
Cobalamin deficiency due to inadequate cobalamin intake is occasionally seen in 

vegetarians, especially those living on a strict vegan diet Some researchers considered dietary 
cobalamin deficiency a major enologie factor for cobalamin deficiency in older persons for three 
reasons First, some patients with low cobalamin concentrations have inadequate dietary 
cobalamin intakes, second, most patients with low cobalamin concentrations have normal results 
on the Schilling test, and third, sometimes plasma cobalamin concentrations increase 
spontaneously during hospitalisation (10,41,42) Cobalamin intake from both diet and 
supplements in free-living, older persons in the United States, however, meets recommended 
allowances (43,44) The dietary cobalamin intake has not been investigated in older Dutch 
subjects and the role of dietary intake in subtle or mild cobalamin deficiency in the aged has 
never been studied 

Cobalamin malabsorption pernicious anemia 
Gastnc dysfunction is the only cause of cobalamin deficiency known to increase with age 
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Pernicious anemia is considered the most common classical cause of cobalamin deficiency but 
accounts for only a small minority of low cobalamin concentrations in the elderly ( 10,22,30) The 
incidence of pernicious anemia increases with age its frequency has been estimated at 0 1% of 
the population and rises with age to about 1 % in northern European, older persons In a survey in 
the United States, 1 9% of people aged 60 years and older had unrecognised and untreated 
pernicious anemia (45) Pernicious anemia can be diagnosed with the Schilling test or the 
presence of anti-intnnsic factor antibodies Gastric pathology in pernicious anemia usually shows 
diffuse and complete atrophy of the fundus with striking sparing of the antrum This pathology, 
together with a- or hypochlorhydna and signs of autoimmune phenomena like anti-intnnsic factor 
antibodies, was named type A gastritis 

Cobalamin malabsorption atrophic gastritis and protein-bound cobalamin malabsorption 
Type Β gastritis or atrophic gastritis is a much more common form of gastritis, with 

involvement of antrum as well as fundus, without accompanying autoimmune phenomena and 
with or without achlorhydria It was hypothesised that low cobalamin concentrations in older 
persons are the result of cobalamin malabsorption from food caused by atrophic gastritis 
However, this hypothesis has not been tested in a large group of older, cobalamin deficient 
subjects 

Protein-bound cobalamin malabsorption is a disorder defined as the inability to absorb 
protein-bound cobalamin by a person who is fully capable of absorbing free cobalamin The 
Schillling test only investigates the ability to absorb free cobalamin and, therefore, this test cannot 
detect protein-bound cobalamin malabsorption 

Low cobalamin concentrations and normal Schilling test results in many patients with 
partial gastrectomy led Deller et al (46) to suggest that the deficiency might be explained by 
impaired absorption of cobalamin from food The landmark demonstration that this indeed was 
the case was provided by Doscherholmen et al (47) Subsequently, protein-bound cobalamin 
malabsorption has been demonstrated in patients with all forms of gastric impairment, either due 
to surgery (partial gastrectomy, vagotomy), atrophic gastritis or H2-receptor blocker therapy (48-
53) 

Many variations of the protein-bound absorption test have been described, from raw in 
vitro labelled chicken serum to cooked in vivo labelled trout The test meals differ in a number of 
elements that are known to influence the cobalamin absorption cobalamin binders, cobalamin 
form, degree of protein binding, preparation (i e fried, cooked, boiled etc) and volume The 
absorption of cobalamin varies considerably with the test-meal used The consequences of these 
variations for clinical practice are unknown 

It is unknown whether protein-bound cobalamin malabsorption also occurs in conditions 
other than gastric disease Two studies suggested that protein-bound cobalamin malabsorption 
caused cobalamin deficiency in older patients (27,31) The reported prevalence of protein-bound 
cobalamin malabsorption in these two studies ranged from 8% (27) to 36% (31) 

What causes protein-bound cobalamin malabsorption9 The release of cobalamin from its 
attachment to food protein is known to require pepsin activity at an acidic pH, and gastric 
dysfunction is known to be a prime cause of protein-bound cobalamin malabsorption (54) 
Inadequate gastric acid secretion is presumably the essential prerequisite The most common 
cause of a- or hypochlorhydna is atrophic gastritis 

The prevalence of atrophic gastritis increases with age Non-invasive methods that have 
been used as indicators of atrophic gastritis include the presence of parietal cell antibody, an 
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elevated serum gastrin concentration, and a low pepsinogen concentration Although these 
serologic tests are reasonably specific for severe atrophic gastritis and gastric atrophy, they are 
not sensitive to less severe forms of atrophic gastritis Samloff et al described 
radioimmunoassays for circulating pepsinogen I and II, and related the pepsinogen I and II 
concentrations to the histological status of the gastric mucosa (55) Due to nonparallel changes in 
serum pepsinogen I and II concentrations, the ratio of pepsinogen I to II, in combination with the 
absolute pepsinogen I concentration, has been shown to be highly predictive ot gastric mucosal 
pathology and is able to detect mild to moderate atrophic gastritis as well as severe atrophic 
gastritis and gastric atrophy The prevalence of atrophic gastritis in free-living and 
institutionalised elderly persons in the United States, as indicated by the serum pepsinogen ratio, 
was 31 5% of which the minority (8 1%) had severe atrophic gastritis In an older Dutch study 
(56), 50 healthy volunteers (age range 20-58 y) were examined with gastric biopsy 28% of 
subjects had atrophic gastritis There is no information on the prevalence of atrophic gastritis in 
older Dutch subjects Furthermore, the role of mild forms of atrophic gastritis in mild cobalamin 
deficiency states in older persons has not yet been investigated 

Atrophic gastritis is thought to be the long-term consequence of chronic infection with 
Helicobacter pylon (57) The prevalence of H pylori infection, determined by measurement of 
immunoglobulin G antibodies to H pylori, was 56% in older American subjects (58) The 
prevalence of H pylon infection in older Dutch subjects is unknown 

Thus, the data presented above suggest that the prevalence of protein-bound cobalamin 
malabsorption increases with age The prevalence of atrophic gastritis, as an important cause of 
such malabsorption, increases with age, as that of Helicobacter pylon infection, which causes 
atrophic gastritis However, evidence was equivocal So far, five studies found no age-related 
difference in protein-bound cobalamin malabsorption in a total of 75 subjects with normal 
cobalamin concentrations (40,59) Three other studies described an age-related decline in the 
cobalamin absorption in a total of 99 subjects with normal cobalamin concentrations (60-62), 
although the difference was not significant in the smallest of the three studies (60) More studies 
are needed to resolve the question whether the frequency of protein-bound cobalamin 
malabsorption increases with age 

Changes in the plasma cobalamin binding proteins 
Two mechanisms involving the plasma cobalamin binding proteins have been proposed to 

explain the high frequency of low cobalamin concentrations in older persons a decreased amount 
of cobalamin binding proteins in plasma or an alteration in the structure of the binding site for 
cobalamin on transcobalamin While it appears that in older persons the amount of cobalamin 
binding proteins is normal (14), the amount of cobalamin bound to transcobalamin is said to be 
low, irrespective of the total cobalamin concentration (32) The reason for this is unknown The 
role of the cobalamin binding proteins in the pathogenesis of cobalamin deficiency has received 
little attention 

Subtle and atypical cobalamin deficiency states 

In 1990, Ralph Carmel (63) introduced the concept of subtle and atypical cobalamin 
deficiency states, based on the presence of metabolica! abnormalities and protein-bound 
cobalamin malabsorption in subjects with otherwise asymptomatic low cobalamin concentrations 
He formulated four categones of cobalamin deficiency states (Table 1 2) The first, classical 
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deficiency, is the form described in textbooks and poses no diagnostic dilemmas. The deficiency 
is expressed classically, often with florid megaloblastic changes, and may include typical 
neurological deficits The cause is gastroenterological in nature, such as pernicious anemia, any 
ileal disease, a postgastrectomy state or bacterial overgrowth of the gut, and can be diagnosed 
with the Schilling test. 

Table 1.2 Four categories of cobalamin deficiency states, adopted from Ralph Carmel (63) 

Category Expressions Causes 

I Classical 

II Subtle-classical 

III Classical-atypical 

IV Subtle-atypical 

Classical 
- megaloblastic anemia 
- neurological dysfunction 

Subtle 
Little or no hematological 
abnormalities due to: 
- early stage of deficiency? 
- blunted expression by 

coexisting disorders? 
- only neuropsychological 

(cognitive and cerebral) 
dysfunction 

-unknown 

Classical 
- see above 

Subtle 
- see above 

Classical 
- pernicious anemia 
- ileal diseases 
- postgastrectomy 
- bacterial overgrowth 

Classical 
- see above 

Atypical 
- food Cbl malabsorption 
- dietary insufficiency 
- Cbl binding proteins 

abnormalities 
- unknown 

Atypical 
- see above 

In the second category, the same entities produce the cobalamin deficiency, but the 
deficiency is not expressed in a classical fashion. Neurological symptoms may or may not be 
present and may not be typical: for example, mental changes may predominate. The meaning of 
the low serum cobalamin concentration becomes clear once the classical cobalamin malabsorption 
is identified. 

In the third type of deficiency state, the expression of cobalamin deficiency is classical but 
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the malabsorptive state cannot be demonstrated It's, of course, essential to be sure that folate 
deficiency, which can depress plasma cobalamin concentrations, is not responsible for the 
megaloblastic anemia in such cases Less obvious causes such as inadequate dietary cobalamin 
intake and rare causes such as inbom errors of cobalamin metabolism and nitrous oxide toxicity 
have to be considered The most common cause in this category could be malabsorption of 
protein-bound or food cobalamin 

In the fourth category of cobalamin deficiency, a subtle or atypical expression of 
deficiency is associated with subtle or atypical causes of cobalamin deficiency It is hard to accept 
the diagnosis of cobalamin deficiency in subjects who neither display the usual signs or its usual 
causes Sometimes, only biochemical evidence of cellular deficiency, ι e increased plasma 
methylmalonic acid and homocysteine concentrations, is obtainable The clinical importance of 
this entity and its natural history remains to be defined 

This concept offers a framework for research into the clinical relevance of low cobalamin 
concentrations in older persons 

Cobalamin deficiency and cognitive dysfunction in older persons 

Addison in 1855 mentioned in his description of patients with pernicious anemia that 'the 
mind occasionally wanders' Ever since that time, various psychiatric abnormalities have been 
attributed to cobalamin deficiency, of which cognitive dysfunction is one (64) 

Dementia poses a large and important social and medical problem It is estimated that 
approximately 3 to 7% of the persons aged 65 years and older suffer from moderate to severe 
dementia For mild dementia the reported prevalencies vary from 1 5 to 52 7%, with a mean of 
approximately 20% The estimation is that 160 000 persons of 55 years and older in the 
Netherlands suffer from dementia 

The most important subtype of dementia is Alzheimer's disease, which accounts for at 
least 50% of cases Other important subtypes are vascular dementia, which account for 18% of 
cases, and Parkinson's disease, Lewy-body disease, frontal-lobe dementia, and Jacob-Creutzfeldt 
disease 

Only a small percentage consists of potentially reversible dementia's, with prevalencies 
ranging from 10-40% (65) In a meta-analysis the prevalence of potentially reversible dementia 
was 13 2% (65) Cobalamin deficiency was the cause of 1% of potentially reversible dementias 
Despite the very low prevalence of cobalamin deficiency as the cause of dementia, measurement 
of plasma cobalamin concentrations is advised in both the Dutch (66) and American consensus 
(67) on the (differential) diagnosis of dementia 

There have been many debates about the association between cobalamin deficiency and 
dementia reviewed by (64) The effect of cobalamin supplementation is mainly based on 
casestudies (68) 

Several studies have demonstrated inverse associations between Alzheimer's disease and 
cobalamin concentrations (69-73) The reason for this association is unclear While it is generally 
agreed that a secondary folate deficiency in patients with cobalamin deficiency causes the 
haematological abnormalities, through the so-called methylfolate trap, the aetiology of 
neuropsychiatrie abnormalities in cobalamin deficiency is unknown 

Atherosclerosis has been implicated in vascular dementia but recently also in Alzheimer's 
disease (74) Elevated plasma homocysteine concentrations, in the range found in cobalamin 
deficiency, are a risk factor for vascular disease (75) Indeed, elevated plasma homocysteine 
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concentrations have been reported on in patients with Alzheimer's disease, vascular dementia and 
cognitively impaired older persons (76-78). 

The crucial question is whether the above mentioned associations are a cause or a 
consequence of cobalamin deficiency. It could, for example, be argued that cognitive impairment 
leads to reduced dietary intake of cobalamin and folate, causing increased concentrations 
homocysteine in plasma. The relation between cognitive dysfunction and cobalamin deficiency 
has not been studied adequately. 

Treatment of cobalamin deficiency 

The general used treatment of cobalamin deficiency is the administration of cobalamin by 
intramuscular injections. Usually, the patient is put on a regimen of monthly maintenance 
injections for the rest of his life. Intramuscular injections, however, have disadvantages: they are 
inconvenient, painful and they frequently require health professionals, which makes the patient 
dependent and increases the cost of treatment considerably. These drawbacks could encourage 
non-compliance. A more convenient and cost-effective alternative would be advantageous to 
health care in general and patients in particular. 

The search for alternative routes of cobalamin administration began soon after 
cyanocobalamin was isolated and introduced for parenteral use in 1948 (79) Nasal inhalation, 
insufflation or instillation of cyanocobalamin were proposed in the early 1950's (80-82). The 
formulations for nasal inhalation or instillation consisted of low concentrations of 
cyanocobalamin in isotonic saline solution or lactose powder. Although these formulations were 
reported to be effective in the treatment of pernicious anemia, none of these proposals found a 
follow-up in clinical practice, in industry or in scientific literature. Recently a gel for nasal 
cyanocobalamin instillation has become commercially available. The gel, in a dose of 400-500 
mg cyanocobalamin, has been claimed to be safe and effective (83). We are not aware of studies 
that show the safety and efficacy of the nasal gel in treating cobalamin deficiency. A practical 
problem with the use of a gel is that it sometimes dries up and sticks to the unit-dose tubes. 

In the sixties, oral cyanocobalamin administration for the treatment of pernicious anemia 
was proposed (84,85). Despite the fact that 1000 μg daily is effective, it is rarely prescribed. 
Indeed, it is widely believed that patients with cobalamin deficiency cannot absorb adequate 
amounts of oral cobalamin and therefore require regular intramuscular injections. This view, for 
example, was held by more than 90% of 245 hospital doctors participating in a survey in 
Minnesota, USA, in 1991 (86) Knowledgeof the routes of cobalamin absorption is necessary for 
the understanding of the rationale for giving cobalamin orally to treat cobalamin deficiency. 
Several investigators have provided evidence for a transport system, probably passive diffusion 
which does not depend on either intrinsic factor or the terminal ileum. This route absorbs about 
1 %, which is more than sufficient to meet the daily requirements. Thus, cobalamin deficient older 
subjects could be treated with oral cobalamin preparations. 

A disadvantage of many of these different forms of treatment is that they contain 
cyanocobalamin while hydroxocobalamin is the drug of choice. Since the fifth World Health 
Organisation Model List of Essential Drugs, hydroxocobalamin and not cyanocobalamin, has 
been the cobalamin included in the list (87). Hydroxocobalamin binds more extensively to plasma 
proteins and has a longer half-life in the body than cyanocobalamin. As a result, 
hydroxocobalamin is better retained in the body and therefore requires less frequent dosage (88). 
Moreover, cyanocobalamin contributes to the total body exposure to cyanide and therefore is 
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contraindicated in patients with tobacco and tropical amblyopia and optic neuropathy in 
pernicious anemia A plea for the withdrawal of cyanocobalamin has been made (89,90) 

Recently, a formulation for the nasal administration of hydroxocobalamin has been 
developed (91 ) The efficacy of nasal hydroxocobalamin absorption has not been studied before 
in healthy older volunteers or in older cobalamin deficiency subjects 

Objectives 

From the general introduction the following research questions arise 
1 What is the prevalence of cobalamin deficiency in older Dutch subjects9 

2 What are possible causes of cobalamin deficiency in older persons9 

3 What is the clinical relevance of low plasma cobalamin concentrations, with special emphasis 
on a possible relation with cognitive and cerebral dysfunction, in older persons9 

4 What is the efficacy of intranasal hydroxocobalamin application in older persons9 

Outline of the thesis 

In chapter 2, we address the prevalence and causes of cobalamin deficiency in a 
representative sample of free-living, older Dutch subjects We investigated inadequate cobalamin 
intake and atrophic gastritis as possible causes 

Other probable causes of cobalamin deficiency are examined in chapter 3, 4 and 5 In 
chapter 3 we studied the free and protein-bound cobalamin absorption and the correlation with 
atrophic gastritis in healthy middle-aged and older subjects In order to investigate the protein-
bound cobalamin absorption we developed a test meal that consists of scrambled egg yolk labeled 
in vivo with 57Co-cyanocobalamin 

The role of the cobalamin binding proteins, ι e haptocomn and transcobalanun, in the 
etiology of cobalamin deficiency is examined in chapters 4 and 5 In chapter 4 we compared the 
plasma transcobalamin and haptocomn concentrations in healthy older subjects and cobalamin 
deficient older subjects In chapter 5 we determined whether the concentration of the 
transcobalamin-cobalamin complex is reduced in older subjects with metabolical indications of 
deficiency, ι e elevated plasma methylmalonic concentrations, but normal plasma cobalamin 
concentrations We wanted to understand how older subjects could develop a cobalamin 
deficiency in the presence of normal concentrations of cobalamin in plasma 

In chapters 6, 7, 8, and 9, the clinical significance of cobalamin deficiency in older 
persons is the subject of discussion In chapter 6, we focus on the hematological, metabolical and 
gastroenterological abnormalities in older patients with low plasma cobalamin concentrations and 
the subsequent response of these abnormalities to cobalamin supplementation In chapter 7 the 
neurological aspects of cobalamin deficiency are studied We measured methylmalonic acid 
concentrations in cerebrospinal fluid of asymptomatic patients with low and normal plasma 
cobalamin concentrations 

The results of an intervention study on the effects of cobalamin supplementation on 
cognitive performance and cerebral function in free-living, older subjects with low plasma 
cobalamin concentrations are presented in chapter 8 Furthermore, in chapter 9 we prospectively 
studied the relationship between serum cobalamin, methylmalonic acid, homocysteine 
concentrations and cognitive function in the very old (i e 85 years and over) 
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The possibility of an effective alternative for the intramuscular injections, i.e. a nasal 
hydroxocobalamin spray, is explored in chapters 10 and 11. First, as reported on in chapter 10, we 
investigated the nasal absorption of hydroxocobalamin in healthy older volunteers. Subsequently, 
in chapter 11 we describe the nasal absorption of hydroxocobalamin in cobalamin deficient 
geriatric patients. 
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Abstract 

The reason for the high prevalence of mild cobalamin (vitamin Β12) deficiency in the elderly 
is poorly understood We examined the cobalamin intake, presence and severity of atrophic 
gastritis, the presence of Helicobacter pylon infection, and plasma cobalamin and methylmalonic 
acid (MMA) concentration in 105 free-living healthy older subjects, aged 74 to 80 y 

Mild cobalamin deficiency, ι e low to low normal plasma cobalamin (<260 pmol/L) and 
elevated plasma MMA concentrations (> 0 32 μιτιοΐ/ί), was found in 23 8% of subjects, 25 7% of 
subjects were not cobalamin deficient (plasma cobalamin >260 pmol/L and plasma MMA <0 32 
pmol/L) Six subjects (5 8%), including 1 with mild cobalamin deficiency, had dietary cobalamin 
intakes below the Dutch recommended dietary intake of 2 5 μg/da.y Mildly cobalamin deficient 
subjects had lower total (diet plus supplements) cobalamin intakes (median 4 9 pg/day, 25th and 
75th percentiles 3 9,6 4) than did not cobalamin deficient subjects (median 6 3 pg/day, 25th and 
75th percentiles 5 4, 7 9) (P=0 0336), mainly because of less frequent use of cobalamin-
supplements (8% compared with 29 6%, χ2=3 9,P=0 048) Atrophic gastritis was found in 32 4% 
of the total study group· mild to moderate in 19 6% and severe in 12 7% The prevalence of 
severe atrophic gastritis, but not mild to moderate atrophic gastritis, was higher in mildly 
cobalamin deficient subjects (25%) than in not cobalamin deficient subjects (3 7%) 
(χ =4 ό,/^Ο 032) The prevalence of immunoglobulin G antibodies to H pylon was similar in 
mildly cobalamin deficient subjects (54 2%) and non cobalamin deficient subjects (44 4%) 
(χ2=0 5,P=0 5) 

The high prevalence of mild cobalamin deficiency in healthy, free-living older Dutch subjects 
could be explained by inadequate cobalamin intake or severe atrophic gastritis in only 28% of the 
study population Other mechanisms explaining mild cobalamin deficiency in older people must 
be sought 

Introduction 

Cobalamin (cobalamin, vitamin Β12) deficiency causes elevated methylmalonic acid (MMA) 
concentrations in blood because cobalamin is an essential cofactor in the enzymatic conversion of 
methy Imalonyl-CoA to succiny 1-CoA The only other important reason for elevated blood MMA 
concentrations seems to be impaired renal function Studies have shown that elevated blood 
MMA concentrations are common in the elderly, with reported prevalences ranging from 39 to 
44% in Europe (1,2) and prevalences of 15% in the United States (3) Most of these persons with 
elevated MMA concentrations have low to low-normal plasma cobalamin concentrations in the 
absence of overt anemia or neurological disease, a condition known as mild or subtle cobalamin 
deficiency (4) The reported prevalence of these mild cobalamin deficiencies in older persons 
ranges from 12% to 15% (3, 5) Because of the metabolic evidence of cobalamin deficiency in 
older subjects with low-normal plasma cobalamin concentrations (3, 5) and the fact that 
intramuscular cobalamin supplementation normalizes elevated plasma metabolite concentrations, 
which is considered to support the presence of tissue cobalamin deficiency (I, 5), it has been 
proposed that the plasma cobalamin cutoff for diagnosing cobalamin deficiency be raised from 
160 to 260 pmol/L (6,7) Although there is evidence that elevated plasma MMA concentrations 
are clinically relevant in subjects with apparently asymptomatic, low plasma cobalamin 
concentrations (8,9) and even in some patients with normal cobalamin concentrations and anemia 
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(10), the clinical significance of elevated metabolites in subjects with low-normal plasma 
cobalamin concentrations in the absence of overt anemia or neurological disease is still unclear. 

The reason for the high prevalence of mild cobalamin deficiency in older persons is poorly 
understood. But two etiologic factors may play a role: dietary cobalamin deficiency and 
cobalamin malabsorption resulting from atrophic gastritis. Dietary cobalamin deficiency is 
considered to be a major etiologic factor by some researchers for three reasons. First, some 
patients with unexplained low cobalamin concentrations have inadequate dietary cobalamin 
intakes; second, most patients with low cobalamin concentrations have normal results on the 
Schilling test; and third, sometimes plasma cobalamin concentrations increase spontaneously 
during hospitalization (11-13). Reported cobalamin intake from both diet and supplements in free-
living elderly persons in the United States, however, meets recommended allowances (14, 15). 
The relation between dietary intake and mild cobalamin deficiency has never been investigated in 
older subjects. 

Cobalamin malabsorption due to atrophic gastritis, which is supposed to be common in older 
people, is considered to be the most important cause of cobalamin deficiency (16-18). Although, 
pernicious anemia is found in only 1-1.9% of older people (3, 19), moderate gastric atrophy 
without inadequate intrinsic factor secretion, can cause cobalamin malabsorption from food (20) 
because gastric acid and pepsin are needed to liberate protein-bound cobalamin in food (21). In 
addition, bacterial overgrowth because of hypochlorhydria could play a role (22). Helicobacter 
pylori infection induces chronic gastritis in infected subjects and is related to the progression of 
gastritis to atrophic gastritis (23). Severe cobalamin malabsorption from food has been associated 
with H. pylori infection (24). Measurement of plasma pepsinogens A and C and immunoglobulin 
(Ig) G antibodies to H. pylori makes it possible to determine the prevalence and severity of 
atrophic gastritis and the presence of//, pylori infection in a non-invasive manner in large groups 
( 18, 25). Measurement of plasma pepsinogens and IgG antibodies to //. pylori might provide 
further insight into the etiology of mild cobalamin deficiency. To determine the reason for the 
high prevalence of mild cobalamin deficiency in elderly persons, we studied the cobalamin 
intake, presence and severity of atrophic gastritis and presence of//, pylori infection in a cohort 
of free-living, apparently healthy elderly persons (n=105) from the general population. 

Subjects and methods 

Study population 
Of the 238 apparently healthy free-living Dutch older persons who participated in the 

SENECA - a Study in Europe on Nutrition and the Elderly, a Concerted Action - baseline study 
(26) in 1988, 120 participated in the 1993 follow-up because 38 had died, 69 refused further 
participation and 11 persons could not be located. We report data for 105 subjects who 
participated in the follow-up and in whom plasma cobalamin and MMA concentrations were 
measured. 

Control subjects 
Healthy volunteers were recruited from the general population for the determination of plasma 

MMA reference values. The following exclusion criteria were applied: impaired renal function 
(serum creatinine >120 μπιοΐ/ί), vegetarianism, liver disease, alcoholism, gastrointestinal 
diseases or surgery, chronic diarrhoea, unexplained weight loss, anemia, cobalamin or folate 
deficiency in the past, and treatment with cobalamin, folate, antacids, antibiotics, chloral hydrate, 
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vitamin C, anticonvulsants, metformin, potassium salt, or cholestyramine Twenty-five volunteers 
with an apparently normal cobalamin status (median age 74, range 66- 87 years, plasma 
cobalamm i 160 pmol/L) were selected The study protocol was approved by the Committee for 
Experimental Research with Humans of the University Hospital Nijmegen The Medical Ethical 
Committee of the Department of Human Nutrition, Wageningen Agricultural University, 
approved the SENECA study Written informed consent was obtained from all participants 

Protocol 

Blood was drawn by antecubital venipuncture after subjects had fasted overnight Blood 
was collected into EDTA-containing tubes for measurement of plasma cobalamin, MMA, total 
homocysteine (tHcy), pepsinogen I (PGI) and II (PGII) Serum was obtained for measurement of 
creatinine 

The procedure of the modified dietary history is described in detail in SENECA's manual of 
operation (27) It is characterized mainly by the use of a checklist of foods, which was based on 
the meal pattern in the Netherlands Usual food intake was questioned, with the past month as a 
reference period Portion sizes were checked by weighing or by using standardized household 
measures Trained investigators obtained food-consumption data and information on the use of 
vitamin supplements The recorded foods were coded and analyzed for nutnent composition with 
the 1992 release of the computenzed version of the Dutch Nutnent Table (28) Because the Dutch 
Nutnent Table contained no information on the cobalamin content of foods, this information was 
obtained from food tables from the US, United Kingdom, Germany and Sweden 

Laboratory techniques 

Plasma cobalamin and plasma folate concentrations were measured with the DualCount Solid 
Phase Boil assay (Diagnostic Products Corporation, Los Angeles, California), that is based on 
competitive radioisotope-binding techniques The within-assay CV was <5% and the between-
assay CV was <10% Plasma MMA concentrations were measured by stable-isotope-dilution 
capillary gas chromatography-mass spectrometry (29) The within-assay CV was 2 3% and the 
between-assay CV was 6 8% Plasma MMA concentrations >0 32 μπιοΐ/ΐ (95th percentile in 
control subjects) were considered elevated Plasma homocysteine (tHcy) concentration was 
measured by automated HPLC method (30) with both a within-assay and between coefficient of 
variation <5% Plasma tHcy concentrations >19 9 μιτιοΐ/ΐ (95th percentile in control subjects) 
were considered elevated Plasma PGI and pepsinogen PGII concentration were measured by ra
dioimmunoassays (31) Mild to moderate atrophic gastritis is defined as a ratio of PGI to PGII 
(PGI PGII) <1 6 combined with a PGI concentration > 17 μg/L (32) Severe atrophic gastntis or 
gastnc atrophy were defined as a PGI PGII <1 6 combined with a PGI concentration <17 pg/L 
(32) IgG antibodies to Η pylon were measured with a modified enzyme linked immunosorbent 
assay (33) 

Statistical analysis 

The results are presented as medians with 25th and 75th percentile The 95th percentile value 
in the reference group, determined by a non-parametric method with 90% reliability, was used to 
determine the upper decision limit of plasma MMA The Mann- Whitney il Test and the Kruskal-
Walhs Test were used to compare 2 or several, respectively, continuous variables of unpaired 
samples The Chi-square test was used to assess the association between categorical vanables 
The Spearman correlation coefficient was used to descnbe the correlation between continuous 
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variables A Ρ value ίΟ 05 was considered statistically significant The SPSS for Windows 
program (release 6 1, SPSS Ine 1989-1994) was used for statistical analysis 

Results 

Subjects 

The study group of 105 subjects comprised 59 females and 46 males, with a median age of 76 
y (range 74-80 y) Eighteen (17 1 %) subjects considered their health very good, 60 (57 1%) 
considered it to be good, 23 (21 9%) considered it to be fair, only three (2 9%) considered it to be 
poor and one did not know Fifty-nine (56 2%) subjects reported having si of the following 
chronic diseases ischemic heart disease (13%), hypertension (12%), respiratory problems (10%), 
inflammatory bowel disease (9%), diabetes (8%), arthritis (7%), and others (25%) One subject 
had had a partial gastrectomy he had low-normal plasma cobalamin concentration (200 pmol/L) 
but normal plasma MMA concentrations Two subjects had been diagnosed previously with 
cobalamin deficiency both had normal plasma cobalamin concentrations and plasma MMA 
concentrations and only one used oral cobalamin supplements One subject with Crohn's disease 
had a low plasma cobalamin concentration (81 pmol/L) with an elevated plasma MMA 
concentration (0 71 μιηοΐ/ί) None of the subjects reported renal disease, atrophic gastritis, 
pernicious anemia, or ileal resection Scores on the Mini Mental State Examination (34) below the 
cutoff of 24, which is indicative of dementia, were found in 22% of the subjects and scores on the 
15-item Geriatric Depression Scale (35) above the cutoff of 5, which is indicative of depression, 
were found in 4 8% of subjects 

Plasma cobalamin and MMA concentrations 
The median plasma cobalamin concentration was 230 pmol/L (percentiles 110,430) Plasma 

cobalamin was low (<I50 pmol/L) in 24 8% (26/105) and low-normal (160-260 pmol/L) in 
35 3% (37/105) of subjects The median plasma MMA concentration was 0 28 μπιοΐ/ί 
(percentiles 0 18, 0 62) Plasma MMA was elevated (> 0 32 μπιοΙ/L) in 38 1% (40/105) of 
subjects, of whom 37 5% (15/40) had low, 25 0% (10/40) had low-normal and 37 5% (14/40) had 
normal plasma cobalamin concentrations Nine of the 40 subjects with elevated plasma MMA 
concentrations had increased serum creatinine concentrations (>110 μιτιοΙ/ί in men and > 90 
μιτιοΐ/ί in women) 

Subjects with elevated plasma MMA and low to low-normal plasma cobalamin 
concentrations (<260 pmol/L) were defined as mildly cobalamin deficient (23 8%, 25/105) (Table 
2 1) Subjects with normal plasma MMA and normal plasma cobalamin concentrations (ϊ260 
pmol/L) were defined as not cobalamin deficient (25 7%, 27/105) The remaining subjects who 
had either elevated plasma MMA concentrations (14 3%, 15/105) or low-normal plasma 
cobalamin concentrations (36 2%, 38/105), were defined as possibly cobalamin deficient (50 5%, 
53/105) This group of possibly cobalamin deficient subjects consisted of subjects with elevated 
plasma MMA and increased serum creatinine concentrations (n=4), subjects with elevated MMA 
and normal cobalamin concentrations {n= 11 ) and subjects with normal MMA but low cobalamin 
concentrations (n=38) 

Mildly cobalamin defic.cnt subjects had s.gnificar.tly lower plasma cobalamin (.p<0 0001, 
Mann Whitney U) and significantly higher plasma MMA (/M) 0001, Mann Whitney U) and tHcy 
(/^O 0210, Mann Whitney U) concentrations than not cobalamin deficient subjects (Table 2 1) 
Possibly cobalamin deficient subjects had significantly lower plasma cobalamin (P<0 0001, 
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Mann Whitney U) and significantly higher plasma MMA (^=0 0110, Mann Whitney U), but not 
higher plasma tHcy concentrations (/^O 3, Mann Whitney U) (Table 2 1 ) Plasma folate 
concentrations did not differ between the three groups (P=0 2, Kruskal Wallis) (Table 2 1) 

Plasma MMA concentrations were not correlated with serum creatinine and only weakly 
correlated with plasma cobalamin (Table 2 2) Plasma tHcy did not correlate with plasma MMA 
and correlated only weakly with serum creatinine (Table 2 2) 

Hematological findings 
Anemia (defined according the World Health Organization cntena hemoglobin concentration 

< 8 1 mmol/L for men, and < 7 4 mmol/L for women) was present in 8 7% of subjects (9/104) 
two were mildly cobalamin deficient, four were possibly cobalamin-deficient, and two were not 
cobalamin-deficient Of the four anemic subjects with possible cobalamin-deficiency, only one 
had elevated plasma MMA concentrations the other three had isolated low-normal plasma 
cobalamin concentrations Macrocytosis (mean cell volume s 100 fi) was found in 1 9% subjects 
(2/104) One subject had macrocytic anemia with very low plasma cobalanun concentrations (37 
pmol/L) and elevated plasma MMA concentrations (18 2 μπιοΐ/ί) 

Dietary cobalamin intake 
None of the subjects were vegetarian Dietary cobalamin intake was correlated with intake of 

animal protein (f̂ O 66, fiOOOOl) The median dietary cobalamin intake was 5 0 μg/day 
(percentiles 4 1,6 6) for women and 5 8 μg/day (percentiles 4 2,7 0) for men (.P=0 1948, Mann 
Whitney U test) Dietary cobalamin intake did not differ among the three groups (Table 2 1) Six 
of the 103 subjects (5 8%) - one nuldly cobalamin deficient, 4 possibly cobalamin deficient and 
one not cobalamin deficient- had intakes below the Dutch recommended dietary allowance of 2 5 
μg/day (36) The subject with mild cobalamin deficiency had low plasma cobalamin 
concentration These numbers did not change after correction for supplement use 

Fifteen (14 3%) subjects took oral supplements containing cobalamin Supplements contained 
a median amount of 2 μg cobalamin (range 0 5-25 0 μg) The median total cobalamin intake (diet 
plus supplements) was 5 3 μg/day (percentiles 4 1, 6 7) in women and 5 9 μg/day (percentiles 
4 4, 7 8) in men (P=0 2, Mann Whitney U test) More not cobalamin deficient subjects (29 6%) 
than mildly cobalamin deficient (8 0%) (χ2=3 9,P=0 048) or possibly cobalanun deficient 
subjects (9 8%) (χ2=5 Ο,/̂ Ο 0254) used supplements (Table 2 1) As a result, the total cobalamin 
intake by not cobalamin deficient subjects was higher than that by mildly cobalamin deficient 
subjects (/^O 0336, Mann Whitney U test) and possibly cobalamin deficient subjects (Ρ=0 0725, 
Mann Whitney U test) (Table 2 I ) Those taking supplements had higher total cobalamin intakes 
[7 8 μg/day (percentiles 4 7, 30 2)] and higher cobalamin concentrations (300 pmol/L, 
percentiles 130, 705) than those not taking supplements, [5 2 μg/day (percentiles 2 8, 8 4) 
(P=0 0001, Mann Whitney U test)] and 220 pmol/L (percentiles 110, 385) (/^O 0307, Mann 
Whitney U test) However, subjects taking supplements had similar plasma MMA concentrations 
[0 26 μηιοΙΛ. (percentiles 0 19, 0 30)] to those not taking supplements [0 29 μιηοΙΛ., 
(percentiles 0 21,041)] (^O 2, Mann Whitney U test) Total cobalamin intake correlated with 
plasma cobalamin but not with plasma MMA or plasma tHcy (Table 2 2), independent of renal 
function or presence and severity of atrophic gastntis 
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Table 2 1 Biochemical, dietary and clinical characteristics of three groups ol older subjects with 
different cobalamin deficiency states 

Plasma cobalamin (pmol/L) 

PlasmaMMA(pmol/L) 

Plasma tHcy (μπιοΐ/ί 

Plasma Folate (nmol/L) 

Dietary cobalamin intake 
(Mg/day) 

Total cobalamin intake 
^g/day) 

PGI-PGII ratio 

PGI fog/L) 

Mildly cobalamin 
deFicient 
(«=25) 

140(105-200)21 

[37-240] 

0 43(0 38-0 6 8 ) " 
[0 33-18 2] 

17 9 (14 7-20 9)2 

[9 7-59 2] 
115(10 3-15 8) 
[4 9-22 0] 

4 9 (3 9-6 3) 
[2 1-169] 

4 9(3 9-6 4)1 
[2 1-16 9] 

2 1 (0 8-2 9) 
[0 3-3 8] 

40 5(11 8-68 8) 
[3 0-204 0] 

Possibly cobalamin 
deficient 
(n=53) 

210(160-270)2 

[77-860] 

0 26 (0 20-0 37)2 

[0 14-1 52] 

160(13 3-193) 
[10 2-51 4] 
130(105-160) 
[5 9-47 0] 

5 0(4 1-6 8) 
[2 0-13 6] 

5 1 (4 1-7 0) 
[2 0-32 0] 

2 1 (14-3 0) 
[0 3-4 8] 

40 0 (29 0-68 0) 
[4 0-672 0] 

Not cobalamin 
deficient 
(i=27) 

310(290-430) 
[260-780] 

0 22(0 19-0 26) 
[0 15-0 32] 

154(129-174) 
[9 4-28 2] 
140(11 0-180) 
[7 4-52 0] 

5 8 (4 3-6 7) 
[0 5-9 3] 

6 3 (5 4-7 9) 
[0 5-29 0] 

2 6(17-3 0) 
[0 4-4 1] 

43 0(31 0-67 0) 
[6 0-130 0] 

'Median (25lh percentile, 75'h percentile), range in brackets 
*" Significantly different from not cobalamin deficient, /M) 05 (Mann Whitney U test) 

Significantly different from possibly cobalamin deficient, /M) 05 (Mann Whitney U test) 

Atrophic gastritis and Helicobacter pylori infection 
Atrophic gastritis was found in 32 4% of subjects (33/102), mild to moderate in 19 6% 

(20/102) and severe in 12 7% (13/102) PGI PGII, PGI concentrations and the prevalence of 
atrophic gastritis did not dit ter among the three cobalamin-deficient groups (Table 2 1 and Table 
2 3) However, the prevalence of severe atrophic gastritis was higher in the mildly cobalamin 
deficient group (Table 2 3) All but one of the subjects with severe atrophic gastritis in the mildly 
cobalamin-deficiency group had low plasma cobalamin concentrations PGI PGII was correlated 
with plasma cobalamin and the PGI concentration was correlated weakly with plasma MMA 
(Table 2 2) 

The prevalence of IgG antibodies to Η pylori was 58 4% (59/101) in the total study group, 
78 8% (26/33) in the group with atrophic gastritis and 48 5% (33/68) in the group without 
atrophic gastritis (χ2=8 4, Â O 0038) Antibodies to Η pylori were present in only two out of six 
subjects with severe atrophic gastritis in the mildly cobalamin- deficient group compared with 
five of six subjects with severe atrophic gastritis in the possibly cobalamin deficient group The 
prevalence of antibodies against Η pylori was higher in the possibly cobalamin deficient group 
than in the not cobalamin deficient group (P=0 044, Mann-Whitney U test. Table 2 3) because of 
the high number of subjects with low to low-normal plasma cobalamin concentrations and IgG 
antibodies to Η pylori (69 4%) in the possibly cobalamin deficient group 
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Table 2 2 Spearman correlation coefficients between metabolites (MMA and tHcy) and other 

variables in healthy elderly subjects 

Plasma cobalamin 

Plasma folate 

Total cobalamin intake 
PGI-PGII ratio 

PGI 

Serum Creatinine 

Age 

Plasma tHcy 

Cobalamin 

r 

-

021 
0 36 
021 

0 10 

0 04 

-0 11 

-0 28 

Ρ 

0 034 

0 0001 
0 035 
0 3 

0 7 

0 3 

0 004 

MMA 

r 

-0 19 

-0 17 

-0 01 
-0 09 
-0 18 

-0 09 

-0 03 

0 16 

Ρ 

0 046 

0 083 

0 9 
0 4 
0 064 

0 4 

0 7 

0 093 

tHcy 

r 

-0 28 

-0 42 
-0 17 

-0 14 
0 18 

0 30 

0 10 

Ρ 

0 004 

<0 001 
0 09 

0 1 
0 071 

0 002 

0 3 

Table 2 3 Number of elderly subjects who used cobalamin supplements, had atrophic gastritis, 

or IgG antibodies to Helicobacter pylori 

Mildly cobalamin Possibly cobalamin Not cobalamin 
deficient deficient deficient 

(«=25) (n=53) («=27) 

n ( % ) 

Supplement users 2/25 (8 0)1 5/51 (9 8)1 8/27 (29 6) 

Mild to moderate atrophic 4/24 (16 7) 11 /51 (21 6) 5/27 (185) 

gastritis 

Severe atrophic gastritis 6/24 (25 0)1 6/51(118) 1/27 (3 7) 
IgG antibodies to Η pylori 13/24 (54 2) 34/50 (68 0) ' 12/27 (44 4) 

' Significantly different from not cobalamin deficient, /M) 05 (chi-square) 

Discussion 

Mild cobalamin deficiency was very common, Ϊ 23 8%, in this cohort of free-living Dutch 
elderly persons from the general population These subjects had low to low-normal plasma 
cobalamin concentrations and elevated plasma MMA concentrations, only two subjects had 
anemia or macrocytosis The elevated plasma MMA concentrations were not considered to have 
resulted from renal dysfunction because serum creatinine concentration was normal in most 
subjects and plasma MMA concentrations were not correlated with serum creatinine A cause for 
the mild cobalamin deficiency was determined in only eight of 25 cases severe atrophic gastritis 
in six, inadequate cobalamin intake in one and Crohn's disease in one It seems noteworthy that 
seven of these eight subjects had low plasma cobalamin concentrations (s 150 pmol/L) 
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The prevalence of mild cobalamin deficiency in Dutch elderly persons is even higher than the 
prevalence of 12-15% in the United States (3,5). There are several possible explanations for this. 
First, the difference may be explained in part by the higher reported prevalences of elevated 
plasma MMA concentrations in Europeans (1,2 and the present study). There is no universally 
accepted upper limit for plasma MMA, with reported figures ranging from 0.25 to 0.38 pmol/L 
(1,3, 37). This variation probably reflects differences in analytical methods, statistical analysis 
and differences in the composition of control populations. We chose our control subjects from the 
same age group as the study subjects. Some (38) found plasma MMA concentrations to increase 
with age whereas others did not (39). The reason for an age-related increase is unclear but seems 
unrelated to cobalamin status (38) and appears to be related to the age-related decline in renal 
function. Therefore, a comparison of the metabolite results from elderly subjects with reference 
values from younger adults could be misleading and erroneous. We tried to exclude control 
subjects with high MMA concentrations due to cobalamin deficiency by including only those 
subjects with an apparently normal cobalamin status as defined by our criteria and by a normal 
plasma cobalamin concentration. Our MMA cutoff approached the reported upper limit of 0.29 
μπιοΐ/ΐ. in healthy older subjects after cobalamin supplementation (38). Second, the high 
prevalence of mild cobalamin deficiency could be related to poorer cobalamin intake or higher 
prevalence of atrophic gastritis in older Europeans, the subject of this study, than in older 
Americans. 

This is the first time data have been presented on the dietary cobalamin intake by older 
Europeans. The method used for assessing the diet, i.e. the modified dietary history method, 
showed good agreement with the weighed diet record and with other evaluation criteria (40). The 
Dutch Nutrient Table contained little information on the cobalamin content of foods. Therefore, 
we completed the table with data from food data banks from other countries. Thus, our intake data 
are rather rough estimates and the results should be interpreted with caution. Dietary cobalamin 
intake was correlated with animal protein intake and plasma cobalamin concentrations. Because 
of lack of data on cobalamin concentrations in foods, the interpretation of cobalamin intake 
results was also hampered in other studies (15). 

The median total (diet plus supplement) cobalamin intake by free-living, older Dutch subjects 
was comparable with that by free-living, older American subjects (14, 15). There is, however, a 
difference in as to how this total intake was achieved. More free-living, older American subjects 
use cobalamin supplements: 30-40% (3, 14, 15) compared with 14% in the present study. 
Moreover, the median cobalamin content of these supplements is greater in the US: =6 μg (3, 14) 
compared to 2 μg in the Netherlands. In addition, another source of crystalline cobalamin in the 
United States, but not in the Netherlands, is fortified cereals. A higher intake of crystalline 
cobalamin by older American subjects might protect some of them against cobalamin deficiency. 
In the older Framingham population, subjects taking supplements less often had reduced 
cobalamin and elevated plasma MMA concentrations than those not taking supplements (3). We 
could not attribute the high prevalence of cobalamin deficiency in our elderly subjects to 
inadequate cobalamin intake since only 5.8% had cobalamin intakes below the Dutch 
recommended dietary intake of 2.5 μg/day (36). Furthermore, in the both the Framingham study 
(3) and the present study, the relation between plasma MMA and cobalamin intake was poor. 

We used the PGIPGII to determine the presence of atrophic gastritis and the PGI 
concentration to determine the severity of atrophic gastritis. The prevalence of atrophic gastritis 
was 32.4%, mild to moderate in 19.6% and severe in 12.7% of subjects. This prevalence of 
atrophic gastritis is consistent with the prevalence of 31.5% reported for free-living and 
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inslitutiondlized elderly persons in the greater Boston area ( 18) but much higher than the recently 
reported prevalence of 9% for independently living elderly subjects in Kansas City (41) In both 
studies, the prevalence of atrophic gastritis was indicated by the serum pepsinogen ratio The 
prevalence of severe atrophic gastritis in older Dutch subjects was higher than the 8 1 % reported 
by Krasinski et al (18) This difference might explain part of the difference in the prevalence of 
mild cobalamin deficiency between the Netherlands and the United States 

We could relate atrophic gastritis only in its severe form to mild cobalamin deficiency Indeed, 
we showed previously that absorption of protein-bound cobalanrun is not impaired in healthy 
subjects with mild to moderate atrophic gastritis (42) and we showed that cobalamin 
malabsorption in older cobalamin deficient patients is related to severe atrophic gastritis but not to 
mild to moderate atrophic gastritis (unpublished observations, 1997) In addition, Krasinski et al 
(18) found low plasma cobalamin concentrations in only 8 5% of older subjects with mild to 
moderate atrophic gastritis but in 53 3% of the subjects with severe atrophic gastritis Older 
subjects with mild to moderate atrophic gastritis, however, may be at risk for developing 
cobalamin deficiency when their atrophic gastritis progresses 

IgG antibodies to H pylon infection were found in 56% of the older Dutch subjects The 
prevalence of// pylon infection, therefore, seems comparable to that in older Amencan subjects 
(43) Although we found H pylon infection to be related to atrophic gastritis, which supports its 
role in the pathogenesis of gastric atrophy, we could not relate mild cobalamin deficiency to this 
infection However, at the stage of total gastric atrophy, as in pernicious anemia, infected subjects 
become helicobacter negative (23) as a result of the virtual absence of acid production, which 
inhibits survival of// pylon Indeed, no antibodies to H pylon could be found in most subjects 
with severe atrophic gastritis in the group with mild cobalamin deficiency This resulted in a 
lower prevalence of antibodies to H pylon in this group H pylon infection was associated only 
with low to low-normal plasma cobalamin concentrations in subjects with normal plasma MM A 
concentrations 

The etiology of mild cobalamin deficiency in older subjects is unclear Inadequate dietary 
cobalamin intake or the presence of severe atrophic gastritis can only partly explain the high 
prevalence of mild cobalamin deficiency in older persons Other mechanisms by which mild 
cobalamin deficiency anses need to be sought One possibility is the proposed alteration in the 
binding site for cobalamin on transcobalamin II (44,45) or an alteration of the cellular cobalamin 
metabolism Nevertheless, in light of the high prevalence of mild cobalamin deficiency, its 
possible neuropsychiatrie consequences (46, 47), and possible increased risk of cardiovascular 
diseases through elevated homocysteine concentrations (48), the possible benefit of cobalamin 
supplementation must be investigated On the basis of our data it seems that an increase in the 
recommended dietary intake would not suffice for treating mild cobalamin deficiency Whether 
oral cobalamin supplementation would be sufficient for treating mild cobalamin deficiency cannot 
be inferred from this study 
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Abstract 

Aim of this study was to investigate the free- and protein-bound cobalamin absorption and 
the correlation with atrophic gastritis in healthy middle-aged and elderly subjects In this cross-
sectional study, 52 healthy subjects, aged 26 to 87 years, apparently free from conditions known 
to influence the cobalamin status were included Middle-aged subjects were defined as those 
younger than 65 years (median age 57 years) and elderly subjects as those 65 years and older 
(median age 75 years) 

Protein-bound cobalamin absorption was assessed by 48-hour urinary excretion method 
following oral administration of scrambled egg yolk, labeled in vivo with 57Co-cobalamin by 
injecting a hen with 57Co-cyanocobalamin The percentage of 57Co-cobalamin bound to protein 
was 65% Free cobalamin absorption was assessed by 48-h unnary excretion method following 
oral administration of crystalline 57Co-cyanocobalamin Plasma cobalamin, folate and fasting 
plasma gastrin and pepsinogen I and II concentrations were determined 

The median unnary excretion of egg yolk 57Co-cobalamin in middle-aged subjects was 
12 3% (25th and 75th percentiles 10 5%-14 5%) versus 11 7% (25th and 75th percentiles 9 8%-
13 6%) in older subjects (f = 0 283) The median unnary excretion after administration of free 
57Co-cobalamin in middle-aged subjects was 25 7% (25th and 75th percentiles 20 6%-30 7%) 
versus 27 9% (25th and 75th percentiles 21 4%-34 5%) in older subjects (P = 0 694) Neither egg 
yolk nor free 57Co-cobalamin excretion correlated with age A ratio of pepsinogen I to pepsinogen 
II less than 1 6, indicating atrophic gastntis, was found in 13 subjects Within the atrophic 
gastntis group, 11 subjects had a pepsinogen I concentration greater than or equal to 17 μgfL·, 
indicating mild to moderate atrophic gastritis, and two subjects had a pepsinogen I concentration 
less than 17 μg/L, indicating severe atrophic gastntis or gastnc atrophy All subjects had normal 
fasting plasma gastnn concentrations Free and egg yolk 57Co-cobalamin excretions were not 
reduced in the atrophic gastntis group when compared to the non-atrophic gastntis group Median 
plasma cobalamin concentration was not significantly lower in older subjects (f = 0 205) 
Nonetheless, plasma cobalamin concentration correlated negatively with age (r= -0,36, Ρ = 
0 008) 

We demonstrated no significant difference in either free or protein-bound cobalamin 
absorption between healthy middle-aged and older adults In addition, no alteration in cobalamin 
absorption was found in subjects identified as having mild to moderate atrophic gastntis Therefo
re, based on our results, the high prevalence of low cobalamin levels in older people cannot be 
explained by either the aging process or mild to moderate atrophic gastntis 

Introduction 

Many investigators have reported on the strikingly increased prevalence of low serum 
cobalamin concentrations in older people ( 1 -6) Recent studies have presented evidence that these 
low serum cobalamin levels in most cases reflect tissue cobalamin deficiency (6,7) Moreover, it 
has been recognized that cobalamin treatment of patients with low serum cobalamin levels, but 
without the classical features of deficiency, may correct a number of subtle metabolic, neurolo
gical and psychiatnc abnormalities (8) Therefore, it is of special interest to investigate the 
underlying mechanism of low serum cobalamin levels found frequently in older people Several 
pathophysiological possibilities can come into consideration Dietary causes generally do not play 
an important role (9) In addition, the intestinal absorption of free cobalamin, as measured by the 
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classical Schilling test, is usually not decreased in older patients with low cobalamin levels 
(10-15) Recently, however, low cobalamin levels have been related to protein-bound or food 
cobalamin malabsorption (12,16-18) Protein-bound cobalamin malabsorption is thought to result 
from an impaired release of cobalamin from its binders in food, because of reduced gastric acid 
secretion, in the presence of adequate intrinsic factor secretion (19-22) Indeed, subjects with a- or 
hypochlorhydna, most commonly caused by atrophic gastritis, have lower serum cobalamin 
levels (23) Since the prevalence of atrophic gastntis increases with age, it has been hypothesized 
that the low serum cobalamin levels in older people are the result of decreased protein-bound 
malabsorption due to atrophic gastntis However, as yet, only a few studies (and with conflicting 
results), have specifically addressed this question (16-18,24) 

Therefore, we carried out a study on cobalamin absorption, both free and protein-bound, 
and its relation to atrophic gastntis in healthy middle-aged and older subjects We used scrambled 
egg yolk labeled in vivo with 57Co-cobalamin to investigate the protein-bound cobalamin 
absorption (25) We selected this test meal because in vivo labeling, as opposed to in vitro 
labeling, ensures that 57Co-cobalamin is bound naturally to its specific binders Furthermore, 
scrambled egg yolk, when compared with raw chicken serum, is a commonly used food We 
demonstrate that free and protein-bound cobalamin absorption in healthy volunteers are not 
affected by either age or mild to moderate atrophic gastntis 

Subjects and methods 

Subjects 

The study protocol was approved by the Committee for Expenmental Research with 
Humans of the University Hospital Nijmegen All subjects gave written informed consent 

Healthy volunteers were recruited from the general population by means of adverti
sements in local newspapers All participants were asked about their medical history, current 
medication, alcohol use and underwent physical and laboratory examinations The following 
exclusion cntena were applied inability to collect unne (incontinence, cognitive impairment), 
impaired renal function (serum creatinine >120 μπιοΐ/ί), pregnancy, vegetanamsm, liver disease, 
alcoholism, previous stomach or intestinal surgery, intestinal diseases, chronic diarrhea, unexplai
ned loss of weight, anemia, cobalamin or folate deficiency in the past, and ongoing treatment with 
cobalamin, folic acid, oral anticonceptives, antacids, antibiotics, chloral hydrate, vitamin C, 
anticonvulsants, metformin, potassium salt or Colestyramine The subjects lived at home, were 
self-sufficient and fully ambulant, and had no current illness All subjects had normal 
hemoglobin, serum creatinine, ALAT, serum albumin, and serum iron concentrations One older 
male subject had a mean cell volume of 105 fl, he had normal cobalamin and folate concentra
tions 

Preparation of protein-bound y'' Co-cobalamin 
On three consecutive days, 250 kBq 57Co-cyanocobaldmin (Kodak Clinical Diagnostics 

LTD, Amersham) was injected into the breast of an egg-laying hen (in total 750 kBq = 20 μΟ) 
Radioactivity in eggs was detected 1 or 2 days after the first injection, reaching peak activity at 
days 6 to 8 Eggs numbered 2 to 16 had a total activity of 300 kBq 57Co-cobalamin Yolks were 
separated from the egg whites Because no radioactivity was recovered in egg whites, only yolks 
were used to prepare the test meal The yolks were homogenized and fried in a pan under constant 
stimng (scrambled) until a medium dry texture was obtained Twelve to fourteen portions of 
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about 12 g each, containing approximately 18 kBq (0.5 μϋϊ) Co-cobalamin, were packaged in 

plastic containers and stored in a freezer at -20 °C until served. The amount of radioactivity was 

measured for each egg portion. 

Assessment of protein-binding in raw and fried egg yolk 
Thin layer chromatography was performed with raw in vivo labeled egg yolk and free 

57Co-cyanocobalamin on silica gel impregnated glass fiber sheets (Gelman Sciences, Michigan) 
using 0.15 M acetate buffer, pH 6.0. The sheet was cut into marked 1 -cm, which were counted for 
radioactivity in a sodium-iodide well crystal. 

To determine the effect of heat on protein binding, 1 g of raw and 1 g of scrambled in vivo 
labeled egg yolk were homogenized in a blender with 20 mL of 0.15 M acetate buffer and subse
quently centrifuged at 15.000 g for 30 minutes at room temperature. The same procedure was 
performed after defrosting and heating frozen scrambled egg yolk for 30 seconds in a microwave 
oven (power 1300 W). Radioactivity was counted in the residue and supernatant and expressed as 
percentages of the radioactivity in the whole sample. All the above procedures were performed 
for two different samples of egg yolk from different batches. 

Laboratory techniques 

Assays of plasma cobalamin, plasma folate and folate in erythrocyte were performed by 
competitive radioisotope binding techniques using purified hog intrinsic factor as cobalamin 
binder and purified ß-lactoglobulin as folate binder (Solid Phase Boil DualCount, Diagnostic 
Products Corporation, Los Angeles, California). 

Plasma samples were collected from fasted subjects and stored at -70 0C. Fasting plasma 
gastrin was measured by radioimmunoassay (26), reference range is 10-70 pmol/L. Plasma 
pepsinogen I (PGI) and pepsinogen II (PGII) concentration were measured by sensitive and 
specific radioimmunoassays (27). The reference range for PGI is 17-120 μg/L, for PGII 1-40 
μg/L, for the PGI:II ratio greater than 1.6 (28). 

Protocol 
On the test day a portion of frozen scrambled egg yolk was defrosted and heated in a 

microwave oven for 30 seconds and served to the overnight-fasting subject for oral consumption. 
No food was allowed for the next 2 hours. Non-radioactive cyanocobalamin (Pharmachemie B.V. 
Haarlem Holland OPG Groep) was administered in a dose of 1 mg by intramuscular injection at 
t=0-h and t=24-h. Subjects collected urine from t=0-h to t=48 h. 

The volumes of the urine collections were measured. In a 800 mL specimen from each 24-
hour collection, radioactivity was counted for I minute on a well shielded sodium-iodide crystal. 
This was compared, under identical geometric conditions, with radioactivity of a fresh-made, 
known 57Co-standard. The urinary excretion of 57Co-cobalamin was expressed as a percentage of 
the administered dose. 

Measurement of free cobalamin absorption was performed after oral administration of a 
capsule containing 0.5 μ Ο (0.5-1 μg) free or crystalline 57Co-cyanocobalamin (Mallinckrodt 
Medical, Inc. St. Louis) to the overnight fasting subject. Subsequently, the same procedure was 
followed as described for the protein-bound cobalamin absorption test. We were unable to test 
free cobalamin absorption in three younger subjects. 

In all subjects the free cobalamin absorption test was performed at least 1 week after the 
egg yolk cobalamin absorption test. Pre-test urine specimens were all checked for radioactivity. 
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Urinary creatinine excretions (mmol/24 hours) were measured to check for complete urine collec
tion. Based on low urinary creatinine concentrations incomplete collection was suspected in three 
absorption tests. However, the results of these tests were similar to the rest. 

Statistical Analysis 
The results are presented as medians with the 25lh and VS"1 percentiles. The Wilcoxon 

Rank Sum Test was used for comparing continuous variables of unpaired samples. Confidence 
intervals for differences in the mean were calculated. The Wilcoxon Signed Rank Test was used 
for comparing continuous variables of paired samples. The chi-square Test was used to assess 
dependence between categorical variables. The relation between two continuous variables was 
studied with the Spearman correlation coefficient. A P-value of 0.05 or less was considered 
significant. 

Results 

Protein-binding and the effect of heating 
The results of thin layer chromatography of raw in vivo labeled egg yolk and free 57Co-

cyanocobalamin are shown in Figure 1. Most radioactivity of in vivo labeled raw egg yolk was 
recovered on the first segments of the sheet. In contrast, all radioactivity of free 7Co-cyano-
cobalamin was recovered at the end of the sheet. Radioactivity in the residue of raw egg yolk was 
92%. Radioactivity in Ae residue of scrambled egg yolk was 65%. Defrosting and heating of the 
frozen scrambled egg yolk meal in the microwave oven for 30 seconds did not alter this 
percentage. 

D K t a n c e ( c m ) 

Figure 3.1 Thin layer chromatography of in vivo 57Co-labelled raw egg yolk (·—·) and free 
Co-cyanocobalamin ( • — • ) . Measured radioactivity is plotted against the distance on the 

sheet. 
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Subjects 
Fifty-two subjects were included in the study (Table 3 1 ) The subjects were divided into 

two groups those younger than 65 years (middle-aged subjects, median age 57 years, range 26 to 
65 years, n=24) and those of 65 years and older (elderly subjects, median age 75 years, range 66 
to 87 years, n=28) 

Median plasma cobalamin concentration was lower in older subjects, although statistical 
significance was not reached (P = 0 205) Nonetheless, plasma cobalamin concentration 
correlated negatively with age (Spearman /^-O 36, Ρ = 0 008, η = 52) The relationship between 
plasma cobalamin concentrations (y) and age (x) is given by the equation y=339-l 5x Accor
dingly, the estimated decline in plasma cobalamin concentrations per year is 1 5 pmol/L 

The ratio of PGIII was less than 1 6, indicating atrophic gastritis, in 13 subjects, 8 of 
whom were 65 years or older In the atrophic gastritis group, 11 subjects had a PGI concentration 
equal to or greater than 17 μg/L, indicating mild to moderate atrophic gastritis Two subjects had 
a PGI concentration less than 17 pg/L, indicating severe atrophic gastritis or gastric atrophy The 
atrophic gastritis group had significantly higher plasma gastrin levels (P = 0 026) However, all 
subjects had normal (less than 70 pmol/L) fasting plasma gastrin levels The PGI II ratio did not 
correlate with age or plasma cobalamin levels 

Table 3 1 Clinical and laboratory characteristics of 52 healthy middle-aged and elderly subjects' 

Sex (female/male) 

Age (y) 

Plasma cobalamin (pmol/L) 
Plasma folate (nmol/L) 

Erythrocyte folate (nmol/L) 
Plasma gastrin (pmol/L) 
Plasma PGI (Mg/L) 
Plasma PGII (pg/L) 

PGI/II ratio 

Middle-aged subjects 

12/12 

57 (39-62) 

250(190-300) 
14(11-24) 

565 (500-650) 
20(14-37) 
30(26-51) 
14(10-25) 

2 9(16-3 1) 

Older subjects 

13/15 

75 (69-78) 

220(170-280) 
15(12-17) 

565 (420-780) 
19 (16—25) 
47 (38-60) 
18(14-25) 

2 9(1 3-3 3) 

P-value 

0 797 

0 205 
0 883 

0 783 
0 785 
0 067 
0 228 

0 824 

Results in number of subjects or median and 25 l h and 75 lh percentiles (in brackets) 

Egg yolk and free cobalamin absorption test results 

The results of the egg yolk cobalamin and free cobalamin absorption tests are presented in 
Table 3 2 The median unnary excretion of 57Co-cobalamin after administration of egg yolk 
cobalamin was 12 3% in middle-aged subjects and 11 7% in elderly subjects (P = 0 283) The 
95%-confidence interval for the difference in mean egg yolk 57Co-cobalamin excretion between 
middle-aged (12 9 + 32, mean ± SD) and older subjects (12 1 ± 3 1, mean + SD) was -0 958 to 
2 558 The median urinary excretion of 57Co-cobalamin following the oral administration of free 
cobalamin was 25 7% in middle-aged subjects and 27 9% in older subjects (P = 0 694) The 95%-
confidence interval for the difference in mean free 57Co-cobalamin excretion between the middle-
aged (26 1 ± 7 2, mean ± SD) and older subjects (27 1 ± 7 5, mean ± SD) was -5 282 to 3 282 
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The scatterplot showed no relation between the unnary excretion of 7Co-cobalamin in both 
absorption tests and age Furthermore, neither egg yolk nor free 57Co-cobalamin excretion 
correlated with age No correlations could be demonstrated between the 57Co-excretion on the one 
hand and plasma cobalamin, gastrin and ratio of pepsinogen I to pepsinogen II on the other hand 
No significant difference between men and women could be demonstrated 

The median egg yolk 57Co-cobalamin excretion in 13 subjects with atrophic gastritis was 
12 1% (25th and 75th percentiles 9 8%-14 7%) compared to 11 9% (25th and 75th percentiles 
10 2%-14 2%) in the non-atrophic gastritis group (P = 0 892) The median free 57Co-cobalamin 
excretion in the atrophic gastritis group was 26 7% (25th and 75th percentiles 21 5%-34 4%) 
compared to 27 0% (25th and 75th percentiles 19 9%-26 7%) in the non-atrophic gastritis group 
(P = 0 695) The results of the egg yolk cobalamin absorption test in two older subjects with 
severe atrophic gastritis were 9 9% and 13 7% Both subjects had normal plasma gastrin 
concentrations The ratio of pepsinogen I to pepsinogen Π did not correlate with free or egg yolk 
57Co-cobalamin excretion 

Table 3 2 Results of the egg yolk and free cobalamin absorption tests by 24-hour periods 

Egg yolk cobalamin absorption 

First 24-h period 
Second 24-h period 
Total 48-h penod 

Free cobalamin absorption 
First 24-h period 
Second 24-h penod 
Total 48-h period 

Middle-aged subjects 

n=24 
8 4 (7 2-9 8) 
4 2(3 3-5 1) 
123(105-145) 

n=21 
17 2(12 9-210) 
8 0(6 7-10 7) 
25 7 (20 6-30 7) 

Older subjects 

n=28 
7 8 (6 4-9 4) 
3 8 (3 0-4 5) 
11 7(9 8-13 6) 

«=28 
18 5(14 9-23 6) 
8 8(5 7-10 0) 
27 9(214-34 5) 

P-value 

0 409 
0 308 
0 283 

0 342 
0 832 
0 694 

'Results in median and 25'h and 75th percentiles (in brackets) 

Discussion 

Investigators have hypothesized that the high prevalence of reduced serum cobalamin 
levels in older people is the result of decreased protein-bound cobalamin absorption due to an 
age-related increase in atrophic gastritis In this study we have demonstrated that plasma 
cobalamin levels decreased with advancing age in healthy middle-aged and older adults whereas 
neither free nor protein-bound cobalamin absorption were significantly affected by either age or 
mild to moderate atrophic gastritis Our finding that free cobalamin absorption does not decline 
with age is in agreement with previous reports (29,30) However, in literature there is at present 
no consensus on protein-bound cobalamin malabsorption as a cause for the increased number of 
elderly people with low serum cobalamin levels To explain the divergent findings, one has to 
take into account several factors related either to the 'test-meal' conditions or to the prevalence 
and severity of atrophic gastritis in the study populations 

Many variations of the protein-bound absorption test have been described, from raw in 
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vitro labeled chicken serum to cooked in vivo labeled trout The test-meals differ in a number of 
elements that are known to influence the protem-bound cobalamin absorption cobalanun binders, 
cobalamin form, degree of protein-binding, preparation (i e fried, cooked, boiled etc ), and 
volume In the present investigation, scrambled egg yolk labeled in vivo with 57Co-cobalamin was 
used We selected this test meal because in vivo labeling, rather than in vitro labeling, ensures that 
57Co-cobalamin is bound naturally to its specific binders Furthermore, scrambled egg yolk, when 
compared to raw chicken serum, is a commonly used food However, the degree of protein-
binding in our test meal decreased from 92% to 65% after scrambling Therefore, a higher amount 
of free 57Co-cobalamin may well have contributed to higher absorption percentages compared to 
test meals that are not heated Nonetheless, we deliberately decided on heating our test-meal since 
most foods containing cobalamin - liver, meat and eggs - are heated before consumption Further
more, administration of raw chicken material to older people was considered ethically unjust in 
view of a possible contamination of the test meal with Salmonella In sum, the absorption of 
protein-bound cobalamin vanes with the test-meal and no consensus exist on the specific 
demands for a test-meal as an appropriate model for the effect of protein-binding on cobalamin 
absorption Therefore, standardization of the protein-bound cobalamin absorption test seems 
warranted to render future studies comparable 

Atrophic gastritis is frequently considered to be the likely mechanism of protein-bound 
cobalamin malabsorption We assessed the presence and severity of atrophic gastritis indirectly 
by serologic measurements of plasma PGI and PGII The determination of the PGIII ratio is 
considered a "serologic biopsy" of the gastric fundic mucosa since a good correlation has been 
reported between the histologic and functional status of the stomach on the one hand and the PGII 
concentrations on the other (31 ) Thus, we found that the cobalamin absorption from scrambled 
egg yolk in healthy subjects was not affected by mild to moderate atrophic gastritis Therefore, 
protein-bound cobalamin malabsorption attributable to mild to moderate atrophic gastritis seems a 
less likely explanation for the reduced cobalamin levels in older people It is possible that the 
release of cobalamin from its protein-binders by gastric acid and/or pepsin is not completely 
impaired in subjects with milder forms of atrophic gastritis However, not all subjects with a- or 
hypochlorhydna have protein-bound cobalamin malabsorption, and not all subjects with this 
malabsorption have gastric dysfunction (18,24) These observations suggest that several other 
conditions are probably involved in determining protein-bound cobalamin malabsorption, such as 
bacterial overgrowth (32), Helicobacter Pylon infection (33), or secretory pancreatic abnormali
ties (34) To summanze, the relative importance of acid-pepsin digestion for the release of 
cobalamin from its binders remains to be established 

Our finding that protein-bound cobalamin absorption is not related to age is in agreement 
with Jones et al (17) and Carmel et al (18) In contrast, Dawson et al (16) reported reduced 
protein-bound cobalamin absorption in elderly patients when compared to young volunteers 
However, a small number of subjects were studied and statistical significance was not reached A 
significant decline in protein-bound cobalamin absorption was reported by Scarlett et al (24), 
though their subjects were older than the volunteers in the present investigation (mean age of their 
middle-aged was 64 years and of the elderly 83 years) In addition, many of their subjects over 
the age of 55 years probably had severe atrophic gastritis since almost half had elevated serum 
gaslnn levels Therefore, the age effect on protein-bound cobalamin absorption observed in the 
study by Scarlett and co-workers (24), but not in the present study, may reflect difference in the 
prevalence and seventy of atrophic gastntis in the study populations In the five studies, including 
the present investigation, that have addressed the relation between age and protein-bound cobala-
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min absorption, four different test-meals were used. Jones et al.(17) and Dawson et al.(16) used in 
vitro labeled chicken serum. Carmel et al.(18) used scrambled in vitro labeled egg yolk and 
Scarlett et al. (24) administered raw in vitro labeled whole egg mixed with 150 mL of milk. It is 
possible that age has a distinct influence on cobalamin absorption as measured by these different 
test-meals. Since cobalamin absorption differs with each of these meals it is also possible that the 
influence of age varies. It would, therefore, be of interest to study the effect of age on protein-
bound cobalamin absorption by administering different test meals to each participant. 

In conclusion, based on our results, the high prevalence of low cobalamin levels in older 
people cannot be explained by either the aging process or mild to moderate atrophic gastritis. On 
the other hand, we can not rule out the effect of severe atrophic gastritis. Indeed, Krasinski et 
al.(35) have demonstrated that the minority of elderly people with atrophic gastritis have low 
serum cobalamin levels, whereas the majority of older people with low serum cobalamin levels 
have severe atrophic gastritis. To explain the observed age-related decline in plasma cobalamin 
levels in the present study, additional influences on the cobalamin status have to be taken into 
consideration. For example, the intake of cobalamin with different (prepared) foods, the time 
elapsed from the onset of atrophic gastritis, the functional and structural integrity of the serum 
cobalamin binding-proteins, and, finally, the amount of cobalamin stored in the liver. 
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Abstract 

Not all causes of cobalamin (vitamin Β12) deficiency in older persons are known We 
investigated the role of the cobalamin binding proteins In addition, we tested the hypothesis that 
low saturated transcobalamin concentration is an early marker of cobalamin deficiency 

We measured saturated (holo) and unsaturated (apo) transcobalamin and haptocomn 
concentrations in healthy middle aged volunteers, healthy older volunteers, cobalamin deficient 
older volunteers and cobalamin deficient older patients Cobalamin deficient volunteers and 
patients differ in the degree of cobalamin deficiency 

Saturated and unsaturated concentrations of transcobalamin and haptocomn were similar in 
healthy middle-aged and older subjects Holotranscobalamin concentrations were significantly 
decreased in cobalamin deficient subjects but did not differentiate between volunteers and 
patients Furthermore, the relative amount of cobalamin on transcobalamin (i e 
holotranscobalamin/total cobalamin) was similar among all four groups 

Abnormalities of the cobalamin binding proteins are not a cause of cobalamin deficiency in the 
aged Plasma holotranscobalamin concentration did not differentiate between stages of cobalamin 
deficiency in older persons Therefore, plasma holotranscobalamin is not an early marker ol 
cobalamin deficiency in older persons and that has no additional value in the diagnostic work-up 
of reduced plasma cobalamin concentrations in older persons 

Introduction 

Two cobalamin binding-proteins are present in human plasma, transcobalamin 
and haptocomn These proteins circulate in blood partly saturated (holo-) and partly unsaturated 
(apo) with cobalamin 

Many different cells like hepatocytes, fibroblasts, macrophages and possibly enterocytes 
synthesize transcobalamin Approximately 6% to 20% of endogenous plasma cobalamin are 
bound to transcobalamin (1) This is the metabohcally active fraction that ensures the 
internalization of cobalamin in cells (1) After absorption in the ileum cobalamin is bound to 
transcobalamin Subsequently, transcobalamin delivers cobalamin to all metabohcally active cells 
for use as cofactors of the two cobalamin dependent enzymes 

Haptocomn is a glycoprotein and is synthesized by different cells like erythrocyte precursors, 
granulocytes, salivary glands and hepatic cells Haptocomn binds 80 % to 90% of the 
endogenous plasma cobalamin However, its function is poorly understood The proposed 
functions of haptocomn are a bacteriostatic effect by preventing absorption of cobalamin by 
microorganisms and a stabilizing effect on cobalamin which protects it from photolysis 

Cobalamin homeostasis involves adequate absorption from the gut, transportation of cobalamin 
to tissues by transcobalamin, return of cobalamin to the liver bound to haptocomn and then either 
return to plasma bound to transcobalamin or excretion into bile bound to haptocomn 

Cobalamin deficiency is very common in older persons Different mechanisms have been 
proposed like inadequate dietary intake or cobalamin malabsorption as a result of atrophic 
gastntis We have previously shown that inadequate cobalamin intake and atrophic gastntis could 
explain only 25% of the cases of cobalamin deficiency in older Dutch people (2) Furthermore, 
we did not find a decrease in cobalamin absorption with increasing age (3) The role of the 
cobalamin binding proteins has received little attention Nex0 et al (4) examined aging-related 
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changes in plasma cobalarrun-binding capacity in a study of 228 individuals aged 21 to 87 years 
They found no significant age-related difference 

Low holotranscobalamin concentrations have been found in older persons irrespective of their 
plasma cobalamin concentration (5,6) Marcus et al (5) suggested that the structure of the binding 
site for cobalamin on transcobalamin in older persons is altered 

In 1988, Herzlich et al (7) suggested that low holotranscobalamin concentration was an early 
indicator of cobalamin deficiency To our knowledge, however, this interesting hypothesis has not 
been evaluated 

We measured saturated and unsaturated transcobalamin and haptocomn concentrations in 
healthy middle-aged and older volunteers with normal plasma cobalamin concentrations and in 
older volunteers and patients with low plasma cobalamin concentrations 

Subjects and methods 

Subjects 
Healthy volunteers participated in an investigation on the effect of age on free and protein-

bound absorption (3) They were recruited from the local community by means of advertisements 
in local newspapers The following exclusion criteria were applied inability to comply with the 
protocol for unne collection (altered mental status, unnary incontinence renal failure), pregnancy, 
vegetarianism, liver disease, alcoholism, gastrointestinal diseases or surgery, chronic diarrhoea, 
unexplained weight loss, anemia, cobalamin or folate deficiency in the past, and treatment with 
cobalamin, folate, antacids, antibiotics, chloral hydrate, vitamin C, anticonvulsants, metformin, 
potassium salt, oral contraceptives, or Colestyramine Fifty-two subjects were divided into two 
groups those younger than 65 years (n=24) and 65 years and older (n=28) Only those with 
normal plasma cobalamin concentrations (> 150 pmol/L) are mentioned here The two groups will 
be known here as normal middle-aged (n=22) and normal older volunteers (n=25) 

Healthy older volunteers with low plasma cobalamin concentrations were recruited from the 
local community by means of advertisements in local newspapers for a study on the effect of 
cobalamin supplementation on biochemical, psychological and neurophysiological parameters in 
free-living subjects with low plasma cobalamin levels Of the 189 persons who responded, 28 
(14 8%) had low (< 150 pmol/L) plasma cobalamin levels of whom 16 agreed to participate Two 
subjects dropped out, one found the protocol burdensome and one was diagnosed with a lung 
tumour and died shortly afterwards In their place, two patients from the geriatrie outpatient clinic 
with low plasma cobalamin levels, also detected by screening, agreed to participate None of the 
participating subjects had anemia, low serum or erythrocyte folate levels, myelopathy, history of 
cobalamin deficiency, ongoing cobalamin or folate supplementation, severe diseases, severe 
cognitive or sensory problems Macrocytosis was present in 3 subjects, cobalamin malabsorption 
in 15 subjects Plasma metabolites (methylmalonic acid and total homocysteine) were elevated in 
9 subjects This group will be known as cobalamin deficient volunteers (n=16) 

Cobalamin deficient patients were recruited for a study on the clinical significance of low 
plasma cobalamin concentrations in older patients (8) Patients of 65 years and older from the 
Departments of Geriatric Medicine, Neurology and Internal Medicine with low plasma cobalamin 
concentrations were selected by weekly reviews of the laboratory logbook The following 
exclusion criteria were applied inability to comply with the protocol for unne collection (altered 
mental status, urinary incontinence renal failure), critical illness, normal plasma cobalamin 
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concentration on a second cobalamin assay, treatment with cobalamin before the start of the 
study Plasma cobalamin was low in 14 4% of subjects (128/887) After exclusion, 28 of 80 
eligible patients agreed to participate This group will be known as cobalamin deficient patients 
(n=28) These patients had the following clinical characteristics anemia in four, macrocytosis in 
five, hypersegmentation in 20, elevated plasma metabolites in 23, cobalamin malabsorption in 23, 
atrophic gastritis in 15, and response to cobalamin supplementation in all 18 treated patients 
More cobalamin deficient patients (82%) than cobalamin deficient volunteers (56%) had elevated 
plasma metabolite levels 

The Committee for Experimental Research with Humans of the University Hospital Nijmegen 
approved all study protocols Written informed consent was obtained from all participants 

Laboratory techniques 

Blood was drawn by antecubital venipuncture after subjects had fasted overnight Blood was 
collected into EDTA-containing tubes for measurement of plasma cobalamin, 
holotranscobalarrun, holohaptocomn, apotranscobalamin, methylmalonic acid (MMA), and total 
homocysteine (tHcy) Serum was obtained for measurement of creatinine 

Holotranscobalamin and holohaptocomn concentrations were measured with the method 
described by Benhayoun et al (9) First, the total plasma cobalamin concentration was measured 
Subsequently, transcobalamin was removed from plasma with Heparin-Conjugated-Sepharose 
The remaining cobalamin bound to haptocomn was measured The difference between plasma 
cobalamin and holohaptocomn concentration is the holotranscobalamin concentration Plasma 
cobalamin and holohaptocomn concentrations were measured with the DualCount Solid Phase 
Boil assay (Diagnostic Products Corporation, Los Angeles, California) which is based on compe
titive radioisotope-binding techniques The CV for within- and between-assay precision for 
plasma cobalamin concentrations were, respectively, <5% and <10% and for plasma 
holohaptocomn concentrations, respectively, 3% and 8% 

Apotranscobalamin and apohaptocomn concentrations were measured with the method 
described by Nielsen et al (10) The procedure comprises the following steps Serum samples 
were incubated with excess of 57Co-labelled cyanocobalamin The mixture was transferred to a 
Sephacryl column (HRS300 Hiload 16/60, Pharmacia) and 170 fractions were collected with the 
use of an automatic fraction collector The radioactivity count of the fractions were determined in 
a gamma-scintillation spectrometer and after integration of the resulting elution peaks the 
amounts of transcobalamin and haptocomn were calculated with the use of the specific 
radioactivity of 57Co-cobalamin The lower limit of detection was 1 pmol/L and the run-to run 
precision of plasma apotranscobalamin after 20 runs was 9 6% (mean 216 pmol/L) and 10 7% for 
apohaptocomn (mean 529 pmol/L) 

Plasma MMA concentrations were determined with stable-isotope-dilution capillary gas 
chromatography-mass spectrometry (11) The within-assay CV was 2 3% and the between-assay 
CV was 6 8% Plasma MMA concentrations >0 32 μπιοΐ/ί (95th percentile in reference subjects) 
was considered elevated [8] Plasma tHcy concentration was measured with automated HPLC 
method (12) Both the within- and between-assay CV were <5% 

Statistical analysis 
The results are presented as medians with minimum and maximum values The Mann Whitney 

U test was used to compare two continuous variables of unpaired samples The Spearman 
correlation coefficient was used to describe the correlation between continuous variables A Ρ 
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value ί O 05 was considered statistically significant The SPSS for Windows program (release 6 1, 
SPSS Ine 1989-1994) was used for statistical analysis 

Results 

The main findings in the four groups with different ages and cobalamin states are presented in 
Table 4 1 and Figure 4 1 

Plasma holotranscobalamin concentration was similar in middle-aged and older volunteers and 
plasma holotranscobalamin was not correlated with age (Spearman's rho=-0 19, /M) 21) There 
was a trend for plasma apohaptocomn and apotranscobalamin concentration to increase with age 
in healthy volunteers (respectively, P=0 055, Mann-Whitney U test and P=0 045, Mann-Whitney 
U test) 

Plasma holotranscobalamin concentrations were lower in cobalamin deficient volunteers and 
patients than in normal older volunteers (both P-cO 0001, Mann-Whitney U test) Plasma MMA 
and tHcy were significantly lower in deficient patients compared with deficient volunteers (both 
/^O 03, Mann-Whitney U test) However, plasma holotranscobalamin concentration was similar 
in deficient volunteers and deficient patients Furthermore, the percentage of cobalamin on 
transcobalamin (i e holotranscobalamin/ total cobalamin) and the 
holotranscobalamin/holohaptocomn ratio were similar among all four groups 

The plasma apotranscobalamin concentrations increased significantly in cobalamin deficient 
states, with highest concentrations in cobalamin deficient older patients 

Discussion 

We measured saturated and unsaturated transcobalamin and haptoconrin concentrations in 
normal middle-aged and older volunteers, and in cobalamin deficient older volunteers and 
patients 

In agreement with Nex0 et al (4) we found similar amounts of unsaturated transcobalamin and 
haptocomn in plasma of normal middle-aged and older volunteers 
In contrast to earlier reports (5,6), we found normal amounts of saturated plasma transcobalamin 
concentration in normal older volunteers Furthermore, plasma holotranscobalamin concentration 
was not associated with age We, therefore, found no proof for the suggested increase in 
susceptibility for cobalamin deficiency in older persons as a result of alterations in the 
transcobalamin-binding site for cobalamin There are three methodological differences between 
the studies by Marcus et al (5) and Metz et al (6) and the present one Firstly, we examined 
healthy older subjects from the general population with normal plasma cobalamin concentrations 
whereas the other two investigators examined hospitalized older patients with normal plasma 
cobalamin concentrations Secondly, the control group in the study of Marcus et al (5) was 
considerably younger (median age 34 years) than our middle-aged control group (median age 
56 5 years) The age of the young control group is not mentioned in the study of Metz et al (6) 
Thirdly, there is a difference in the method used to determine the plasma holotranscobalamin 
concentrations We used Hepann-Conjugated-Sepharose to remove transcobalamin from plasma 
whereas the others used QUSO or microfine glass QUSO is less specific because QUSO also 
absorbs haptocomn in various degrees, leading to lower plasma holotranscobalamin 
concentrations (13) Therefore, Heparin-Sepharose is preferred 
Table 4 1 Main laboratory characteristics of four groups of subjects with different ages and 
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cobalamin states' 

Age 
(years) 
Cbl 
(pmol/L) 
Holotc 
(pmol/L) 
Holohc 
(pmol/L) 
Apotc 
(pmol/L) 
Apohc 
(pmol/L) 
MMA 
(μηιοΐ/ί) 
They 
(μπιοΐ/ί) 
Cbl on TC 
(%) 
Holotc/Holohc 

Normal 
middle-
aged 
volunteers 
(n=22) 
56 5 
(26-64) 
260 
(160-420) 
65 
(38-113) 
190 
(112-312) 
521 
(336-894) 
50 
(30-92) 
0 22 
(0 14-0 59) 
144 
(9 0-29 3) 
27 
(17-47) 
0 37 
(0 21-0 89) 

Normal 
older 
volunteers 
(«=25) 

74 
(66-87) 
230 
(160-450) 
64 
(35-164) 
169 
(68-305) 
587 
(375-967) 
60 
(36-111) 
0 18 
(0 09-1 11) 
154 
(9 4-24 7) 
30 
(19-68) 
0 44 
(0 23-2 1) 

P-value 

ns 

ns 

ns 

0 045 

ns 

ns 

ns 

ns 

ns 

Cbl deficient 
older 
volunteers 
(«=16) 

71 
(64-89) 
110 
(37-150) 
30 
(0-75) 
77 
(0-124) 
646 
(348-968) 
44 
(23-73) 
0 36 
(0 13-1 20) 
153 
(12 6-46 4) 
28 
(0-113) 
0 40 
(0-1 2) 

Cbl deficient 
older 
patients 
(n=28) 

74 
(66-90) 
99 
(37-150) 
23 
(1-67) 
66 
(34-116) 
748 
(439-1116) 
76 
(34-171) 
0 45 
(0 16-2 12) 
21 3 
(12 1-69 0) 
26 
(0-54) 
0 29 
(0 1-1 6) 

P-value 

ns 

ns 

ns 

ns 

<0001 

0 03 

0 03 

ns 

ns 

1 Results are presented as median and minimum-maximum (in brackets) ns not significant Cbl 
cobalamin, holotc holotranscobalamin, holohc holohaptocomn, apotc apotranscobalamin, 
apohc apohaptocomn, MMA methylmalonic acid, tHcy total homocysteine, tc transcobdlamin 

The plasma apotranscobalamin concentrations were strikingly increased in cobalamin deficient 
older patients This result confirms that of Herzlich et al (7), who also found increased plasma 
apotranscobalamin concentrations in cobalamin deficient patients These investigators compared 
to increased plasma apotranscobalamin concentrations of cobalamin deficiency with the increased 
transfemn concentrations (i e the iron transport protein in plasma) of iron deficiency 

The difference between our cobalamin deficient volunteers andxobalarmn deficient patients 
was the degree of cobalamin deficiency, as expressed by the clinical and biochemical 
abnormalities For example, plasma MMA and tHcy concentrations were significantly higher in 
the cobalamin deficient patients The degree of cobalamin deficiency is related to the degree of 
elevations in plasma MMA and tHcy (14) The difference in degree of deficiency was not 
expressed by lower plasma holotranscobalamin concentrations in the deficient patients 
Furthermore, the percentage of cobalamin on transcobalamin was similar among our normal and 
deficient groups We, therefore, did not find low plasma holotranscobalamin concentration to be 
an early indicator of cobalamin deficiency in older persons 
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Apotc Apohc Holohc Holotc 

Figure 4.1 Bars representing the median plasma apotranscobalamin (apotc), apohaptocorrin 

(apohc), holotranscobalamin (holotc), and holohaptocorrin (holohc) concentrations in four groups 

of subjects. 

We hypothesize that the human body is very efficient in keeping as much as possible plasma 
transcobalamin saturated with cobalamin. This is achieved by use of large amounts of cobalamin 
stored in the liver, by re-absorption of cobalamin from the enterohepatic re-circulation and by 
increasing the amount of unsaturated plasma transcobalamin concentrations. Furthermore, 
cobalamin bound to haptocorrin can be taken up by hepatocytes. Subsequently, cobalamin is 
bound to transcobalamin in the hepatocyt and this complex is released into the circulation. Why 
would the transcobalamin saturation decrease when cobalamin absorption decreases when these 
'salvage' mechanisms can be called into action? 

The hypothesis that low plasma holotranscobalamin concentrations are the first sign of 
decreased cobalamin absorption is based on findings in pernicious anemia patients with total 
absence of cobalamin absorption and re-absorption through the enterohepatic circulation (7). 
However, few of the cobalamin deficient older subjects have pernicious anemia (8). Unknown 
amounts of cobalamin is still absorbed and reabsorbed in most of them. Therefore, we believe that 
the plasma holotranscobalamin concentration in older persons is not related to the degree of the 
cobalamin deficiency but probably to a specific kind of cause of cobalamin deficiency. 

In conclusion, abnormalities of the cobalamin binding proteins are not a cause of cobalamin 
deficiency in the aged. Secondly, low plasma holotranscobalamin concentrations are not an early 
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sign of cobalamin deficiency in older persons. 
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Abstract 

Elevated plasma methylmalonic acid (MMA) concentrations are frequently found in the 
presence of normal plasma cobalamin concentrations in older persons It is hypothesized that 
subjects with normal plasma cobalamin concentrations can be cobalamin deficient because of low 
amounts of cobalamin bound to tra.iscobalamin (holotranscobalamin, holotc) 

To determine whether holotc concentration is reduced in older subjects with normal plasma 
cobalamin and elevated plasma MMA concentrations Plasma holotc, cobalamin and MMA 
concentrations were measured in free-living, older subjects from the general population (n=102, 
median age 76 years, range 74 to 80) 

The study-population was divided in subjects with low plasma cobalamin (<=]50 pmol/L, 
N=24) and subjects with normal plasma cobalamin (>150 pmol/L, N=78) Of the subjects with 
low plasma cobalamin (cbl), 15 subjects had elevated plasma MMA (>0 32 μτηοΙ/υ) (group 1, 
Lcbl/Hmma) and 9 subjects had normal plasma MMA (group 2, Lcbl/Nmma) Plasma holotc was 
significantly lower in group 1 (Lcbl/Hmma) (median 13 pmol/L, range 1-72) compared with 
group 2 (Lcbl, Nmma) (median 43 pmol/L, range 10-62) (P=0 021, Mann- Whitney U test) Of 
the subjects with normal plasma cobalamin concentrations, 25 subjects had elevated plasma 
MMA (group 3, Ncbl/Hmma) and 53 subjects had normal plasma MMA concentrations (group 4, 
Ncbl/Nmma) Holotc concentrations in group 3 (Ncbl/Hmma) (median 65 pmol/L, range 1-276) 
were comparable to the holotc concentrations in group 4 (Ncbl/Nmma) (median 77 pmol/L, 
range 2-559) (P=0 4, Mann Whitney U test) 

Most (62 5%) subjects with elevated plasma MMA concentrations had normal plasma 
cobalamin concentrations However, holotc concentrations are not reduced in these subjects 
Therefore, low holotc concentrations are not the cause of elevated plasma MMA concentrations in 
older persons with normal plasma cobalamin concentrations 

Introduction 

Cobalamin (vitamin Β12) is an essential co-factor in the enzymatic conversion of 
methylmalonyl-CoA to succinyl-CoA by L-methylmalonyl-CoA mutase Cobalamin deficiency 
leads to elevated blood methylmalonic acid (MMA) concentrations The other important cause for 
elevated blood MMA concentrations in elderly persons is impaired renal function We (1) 
confirmed the observations by others (2-4) that elevated MMA concentrations in blood are 
common in free-living, healthy older subjects In general, elevated plasma MMA concentrations 
are much more common in the elderly in Europe ( 40%) than in the United States ( 15%) It is 
probable that the greater use of cobalamin supplements in higher doses and the availability of 
cereals that have been fortified with cobalamin in the United States accounts for these differences 
in prevalence ( 1 ) Most of the older persons with increased plasma MMA have plasma cobalamin 
concentrations in the normal range 

Plasma concentrations of MMA have proven to be highly sensitive indicators of tissue 
cobalamin deficiency Although there is evidence that elevated plasma MMA concentrations are 
clinically relevant in subjects with apparently asymptomatic, low plasma cobalamin 
concentrations (5,6), the clinical significance of elevated metabolites in older subjects with 
normal plasma cobalamin concentrations in the absence of overt anemia or neurological disease is 
still unclear (3) A marked fall or normalization of elevated MMA concentrations with cobalamin 
supplementation in older people with normal cobalamin concentrations is thought to support the 
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view that these persons are indeed cobalamin deficient (3,7) 
The cause of the elevated plasma MMA concentrations in the presence of normal plasma 

cobalamin concentrations is still poorly understood ( 1 ) One possible explanation is that subjects 
with normal plasma cobalamin concentrations can be cobalamin deficient in the cells due to an 
impaired delivery of cobalamin to cells because of reduced amounts of cobalamin bound to 
transcobalamin (8-11) Only 6-20% of plasma cobalamin are attached to transcobalamin 
(holotranscobalarrun) (12) This is the metabolically active fraction that ensures the internalization 
of cobalamin in cells (12) The remainder of plasma cobalamin is bound to a protein, ι e 
haptocomn (also known as transcobalamin I and ΙΠ or R-binder), the function of which is largely 
unknown The plasma cobalamin assay, however, does not only measure the metabolically active 
fraction but also the much larger fraction of plasma cobalamin bound to haptocomn (holohc) In 
1988, Herzlich and Herbert (13) suggested that a low holotranscobalamin concentration could be 
an early indicator of cobalamin deficiency This interesting hypothesis, to our knowledge, has not 
been evaluated 

The objective of this study was to determine whether holotc concentrations are reduced in 
older persons with normal plasma cobalamin and elevated plasma MMA concentrations 

Subjects and methods 

Subjects 

Of the 238 apparently healthy free-living Dutch older persons who participated in the 
SENECA - a Study in Europe on Nutrition and the Elderly, a Concerted Action - baseline study 
(14) in 1988, 120 participated in the 1993 follow-up because 38 had died, 69 refused further 
participation and 11 persons could not be located We report data for 102 subjects who 
participated in the follow-up and in whom plasma cobalamin, MMA and holotc concentrations 
were measured 

Twenty-five healthy older volunteers (median age 74, range 66-87 years, plasma cobalamin 
>150 pmol/L), recruited from the local community by means of advertisements in local 
newspapers, served as controls for the determination of reference values of plasma MMA (15) -
The following exclusion criteria were applied chronic renal failure, vegetarianism, liver disease, 
alcoholism, previous stomach or intestinal surgery, intestinal diseases, chronic diarrhoea, 
unexplained weight loss, anaemia, cobalamin or folate deficiency in the past, ongoing treatment 
with cobalamin, folic acid, antacids, antibiotics, chloral hydrate, vitamin C, anticonvulsants, 
metformin, potassium salt or cholestyramine 

The study protocol was approved by the Committee for Experimental Research with Humans 
of the University Medical Center Nijmegen The Medical Ethical Committee of the Department 
of Human Nutrition, Wageningen Agricultural University, approved the SENECA study Written 
informed consent was obtained from all participants 

Laboratory techniques 

Blood was drawn by antecubital venipuncture after subjects had fasted overnight Blood was 
collected into EDTA-containing tubes for measurement of plasma cobalamin, MMA, total 
homocysteine (tHcy), holotc and holohc Serum was obtained for measurement of creatinine 

Holotc concentrations were measured with the method described by Benhayoun et al (16) 
First, the total plasma cobalamin concentration was measured Next, transcobalamin was removed 
from plasma by precipitation with Heparin-Conjugated-Sepharose The remaining supernatant 
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containing cobalamin bound to haptocomn was measured The difference between the initial 
plasma cobalamin concentration and holohc concentration represents the holotc concentration P-
lasma cobalamin and holohc concentrations were measured with the DualCount Solid Phase Boil 
assay (Diagnostic Products Corporation, Los Angeles, California) which is based on competitive 
radioisotope-binding techniques The CV for within- and between-assay precision for plasma 
cobalamin were, respectively, <5% and <10% and for plasma holohc, respectively, 3% and 8% 

Plasma MMA concentration was determined with stable-isotope-dilution capillary gas 
chromatography-mass spectrometry (17) The within-assay CV was 2 3% and the between-assay 
CV was 6 8% Plasma MMA concentration >0 32 pmol/L (95th percentile in control subjects) 
was considered elevated Plasma tHcy concentration was measured with automated HPLC 
method (18) Both the within-and between-assay CV were < 5% 

Statistical analysis 

The results are presented as medians with minimum and maximum values The Mann-
Whitney U test was used for comparing two continuous variables of unpaired samples The 
Spearman correlation coefficient was used to describe the correlation between continuous 
variables A Ρ value <0 05 was considered statistically significant The SPSS for Windows 
program (release 6 1, SPSS Ine 1989-1994) was used for statistical analysis 

Results 

The results are presented in Table 5 1 

Plasma cobalamin concentrations were low (<150 pmol/L) in 24 subjects (23 5%) of 
whom 15 subjects (group 1, Lcbl/Hmma) had elevated plasma MMA and 9 subjects had normal 
plasma MMA (group 2, Lcbl/Nmma) concentrations Holotc concentrations were significantly 
different in these two groups group 1 (Lcbl/Hmma) 13 pmol/L (1-72 pmol/L) and group 2 
(Lcbl/Nmma) 43 pmol/L (10-62 pmol/L) (/^O 021, Mann Whitney U test) 

Plasma cobalamin concentrations were normal (>150 pmol/L) in 78 subjects of whom 25 
subjects had elevated plasma MMA (group 3, Ncbl/Hmma) and 53 had normal plasma MMA 
concentrations (group 4, Ncbl/Nmma) Holotc concentrations were similar in group 3 
(Ncbl/Hmma) (65 pmol/L, 1-276 pmol/L) and group 4 (Ncbl/Nmma) (77 pmol/L, 2-559 pmol/L) 
(/^O 4, Mann Whitney U test) 

Serum creatinine concentrations were increased (>110 μπηοΐ/ί in men and >90 pmol/L in 
women) in 22 5% of subjects (23/102), of whom nine had elevated plasma MMA concentrations 
After exclusion of these subjects, the plasma holotc concentrations remained similar in group 3 
(Ncbl/Hmma) (66 pmol/L, 1 -276 pmol/L) and group 4 (Ncbl/Nmma) (79 pmol/L, 5-559 pmol/L) 
(/^O 2, Mann Whitney U test) 

Holotc was correlated with plasma cobalamin concentrations (Spearman r=0 77, /M} 0001 ), 
plasma MMA concentrations (Spearman r=-0 26, /^O 008) and plasma tHcy concentrations 
(Spearman r=-0 21, /M) 038) However, after exclusion of the subjects with low plasma 
cobalamin concentrations, holotc was correlated only with plasma cobalamin concentrations 
(Spearman r=0 65, /M) 0001) 

55 



Table 5 I Laboratory findings in healthy older subjects with different cobalamin deficiency 
states' 

Holotc 
(pmol/L) 
Cobalamin 
(pmol/L) 
MMA 
(pmol/L) 
THcy 
(pmol/L) 

Low plasma cobal: imin 
(<= 150 pmol/L) 

Elevated MMA 
group 1 
«=15 

13(1-72) 

110(37-150) 

0 59(0 33-18 2) 
031)2 

18 4(13 3-59 2) 

Normal MMA 
group 2 
n=9 

43 (10-62)2 

130(77-150) 

0 22(0 14-

15 1 (10 2-21 6) 

Normal plasma cobalamin 
(> 150 pmol/L) 

Elevated MMA 
group 3 
n=25 

65(1-276) 

280(160-860) 

0 41 (0 34-1 52) 

16 3(9 7-24 6) 

Normal MMA 
group 4 
n=53 

77 (2-559) 

260(160-780) 

0 22(0 15-0 32): 

15 6(9 4-28 8) 

Results are presented as medians and minimum-maximum (in brackets) Group 1 significantly 
different from group 2 (/M) 05, Mann Whitney U) 3 Group 3 significantly different from group 4 
(P<0 05, Mann Whitney U) 

Discussion 

This is the first report on the relation of plasma holotc concentrations with plasma MMA 
concentrations in apparently healthy, free-living elderly persons It was hypothesized that subjects 
with normal plasma cobalamin concentrations can be cobalamin deficient as a result of impaired 
delivery of cobalamin to the cells because of reduced holotc concentrations (8-11) However, in 
the present study, plasma holotc concentrations were not reduced in subjects with normal plasma 
cobalamin and elevated plasma MMA concentrations Furthermore, plasma holotc concentrations 
were not correlated with plasma MMA concentrations in subjects with normal plasma cobalamin 
concentrations Therefore, the intake, absorption and delivery of cobalamin to cells were adequate 
in these persons This is in agreement with our previous finding that older subjects with normal 
plasma cobalamin and elevated plasma MMA concentrations have adequate cobalamin intakes 
and only some of them have atrophic gastritis (1) 

Other factors that increase the plasma MMA concentrations have to be considered One 
important reason is impaired renal function Only few subjects with elevated plasma MMA 
concentrations had increased serum creatinine concentrations Exclusion of these subjects had no 
bearing on the results 

Thus, the cause of elevated MMA concentrations in the presence of normal plasma cobalamin 
concentrations in older persons remains unclear Causes will probably have to be sought at the 
cellular level The cellular metabolism by which the cobalamin coenzyme is formed involves 
receptor-mediated binding of the holotc-complex to the cell surface, adsorptive endocytosis of the 
complex, intralysosomal degradation of the transcobalamin with subsequent release and transport 
of cobalamin to the cytoplasm Before cobalamin becomes available as co-factor for L-
methylmalonyl-CoA mutase, cobalamin is transported to the mitochondria followed by enzyme-
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mediated reduction of the central cobalt atom, and adenosylation to adenosylcobalamin An age-
related decline in mitochondrial function or decline of the function of the mutase en/yme could be 
involved 

It was suggested that low holotc concentrations are early indicators of cobalamin deficiency 
(13) Measurement of holotc concentrations in blood of elderly subjects has been advocated ( 10) 
However, plasma holotc concentrations did not differentiate subjects with normal plasma 
cobalamin concentrations and elevated plasma MMA from subjects with normal plasma 
cobalamin concentrations and normal plasma MMA concentrations Therefore, measurement of 
holotc in blood has no additional value in the diagnostic work-up of cobalamin deficiency in the 
elderly 
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Abstract 

It is still a commonly held belief that many of the frequently found low cobalamin (Cbl, 
vitamin Β12) levels in older people do not represent deficiency and are therefore without clinical 
significance and should not be treated In this study this notion will be challenged 

In this prospective observational cohort design we studied 28 patients aged 65 years and 
older with low plasma Cbl (< 150 pmol/L) A number of haematological (Hb, MCV, 5-and 6-
lobed granulocytes), metabolic (plasma levels of methylmalonic acid and homocysteine), 
gastrointestinal (plasma pepsinogen A and C and protein bound and iree Cbl absorption) 
parameters, and the response to Cbl treatment were measured Cbl deficiency was considered to 
be present when at least one of the following three cntena was fulfilled 1 Hematological or 
metabolic abnormalities compatible with Cbl deficiency 2 Cbl maldbsorption or atrophic 
gastritis 3 A response to Cbl supplementation 

Hematological or metabolic abnormalities were identified in 27 patients Atrophic gastritis 
and Cbl malabsorption were identified in, respectively, 15 and 23 patients Each treated patient 
showed a haematological or metabolic response to Cbl supplementation All patients were 
considered Cbl deficient 18 patients (64%) fulfilled three criteria of Cbl deficiency, eight (29%) 
fulfilled two criteria and two (7%) fulfilled one cnlenon 

According to generally accepted and a wide variety of cntena, we found that older 
patients with low Cbl levels were cobalairun deficient Therefore, these patients should receive 
Cbl supplementation 

Introduction 

Measurement of plasma cobalamin (Cbl) levels is the most frequently used method for the 
detection of cobalamin deficiency However, ever since the introduction of the Cbl assay, 
questions have been raised about the clinical significance of low plasma cobalamin levels in 
patients without anemia, macrocytosis, or other symptoms compatible with Cbl deficiency ( 1 ) It 
has been argued that the cobalamin assay has a low specificity and that low plasma Cbl levels in 
apparently asymptomatic patients are without any clinical signiFicance(2-5) 

In other studies, the existence of mild (or subtle or atypical) cobalamin deficiency states 
has been postulated (reviewed in Ref (6)) Mild Cbl deficiency is defined as metabolic evidence 
of deficiency without the overt manifestations of anemia or neurological disease Metabolic 
evidence refers to increased levels of methylmalonic acid (MMA) or total homocysteine (tHcy) 
Plasma levels of MMA and tHcy have proven to be highly sensitive indicators of tissue 
cobalamin deficiency (7) Protein-bound or food Cbl malabsorption, not detected with the 
standard Schilling test, is a frequent cause of mild Cbl deficiency (8) Whether an early stage, a 
transient phenomenon, or a prolonged condition in its own right, mild cobalamin deficiency is a 
finding with a high prevalence in the elderly 

In view of the many and on-going questions on screening, diagnosis and treatment (9,10), 
we investigated the significance of low Cbl levels in older patients by extensive examination of 
all hematological, metabolic and gastrointestinal parameters relevant for Cbl deficiency 
Currently available diagnostic techniques such as measurement of plasma concentrations of 
MMA, tHcy, pepsinogen A and C and protein bound and free Cbl absorption were applied In 
addition, we examined the response to Cbl supplementation on the hematological and metabolic 
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parameters Cbl deficiency was considered to be present when at least one of the following 
criteria was fulfilled 1 The presence of hematological or metabolic abnormalities (anemia, 
macrocytosis, neutrophilic hypersegmentation, elevated plasma MMA or tHcy levels), not 
attributable to other clinical conditions 2 The presence of Cbl malabsorption or associated 
gastric dbnormdhty ι e atrophic gastritis, 3 The presence of a hematological or metabolic 
response to Cbl supplementation 

Subjects and methods 

Subjects 

During a recruitment period of 1,5 year, all patients older than 65 years from the 
Departments of Geriatric Medicine, Neurology and Internal Medicine, with low plasma Cbl levels 
(< 150 pmol/L) were considered for participation in the study by weekly reviews of the labora
tory log book The following exclusion criteria were applied inability to comply with the 
protocol for urine collection (altered mental status, unnary incontinence, chronic renal failure), 
critical illness, normal plasma Cbl level on the second Cbl assay, or treatment with Cbl before the 
start of the study Plasma Cbl level was low in 128 out of 887 patients (14 4%) Fifty-two patients 
were excluded Of the remaining 76 eligible patients 48 declined participation mainly because 
they considered the protocol was to cumbersome Therefore, 28 patients participated 

Twenty-five healthy older volunteers (median age 74, range 66-87 years, plasma Cbl > 150 
pmol/L), recruited from the local community by means of advertisements in local newspapers, 
served as controls for the determination of reference values of plasma MMA, tHcy and the 
protein-bound cobalamin and free cobalamin absorption tests (11) The following exclusion 
criteria were applied inability to comply with the protocol for unne collection (altered mental 
status, unnary incontinence, chronic renal failure), vegetarianism, liver disease, alcoholism, 
previous stomach or intestinal surgery, intestinal diseases, chronic diarrhea, unexplained weight 
loss, anaemia, cobalamin or folate deficiency in the past, ongoing treatment with cobalamin, folic 
acid, antacids, antibiotics, chloral hydrate, vitamin C, anticonvulsants, metformin, potassium salt 
or Colestyramine 

Protocol 
The Committee for Experimental Research with Humans of the University Hospital 

Nijmegen approved of the protocol Wntten informed consent was obtained from all participants 
Medical history, including use of medication, was obtained The Genatnc Depression Scale (CDS 
(12)), the Mini Mental State Examination (MMSE (13)), and the Barthel ADL Index (14) were 
used to assess the cognitive and functional abilities Blood samples were collected after overnight 
fast Protein-bound Cobalamin Absorption (PCA) and Free Cobalamin Absorption (FCA, the 
first stage of the Schilling test) were assessed as descnbed earlier (11) Protein-bound Cbl 
absorption was assessed by 48-hour urinary excretion method following oral administration of 
scrambled egg yolk labeled in vivo with 57Co-cyanocobalamin by injecting an egg-laying hen 
with 57Co-cyanocobalamin PCA less than 9 4% and FCA less than 19 7% (5th percentiles in 
controls) were considered abnormal Abnormal FCA tests were classified as follows (7) proved 
pernicious anemia (presence of serum antibodies against intnnsic factor (IF)), probable pernicious 
anemia (abnormal FCA test with other features compatible with pernicious anemia such as 
elevated serum gastrin levels and severe atrophic gastritis), intestinal malabsorption (normal 
gastnc status and/or no correction of FCA by IF) 
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After completion of the absorption studies 22 patients received hydroxocobalamin 
injections from their attending physicians, at least 1000 μg per month The hematological and 
metabolic parameters of 18 patients could be reassessed after Cbl supplementation (two patients 
refused and two patients had died, median follow-up 5 5 months, range 3 to 11 months) 

Laboratory techniques 
Plasma Cbl and folate in erythrocytes was measured by competitive radioisotope binding 

techniques (Solid Phase Boil Dualcount, Diagnostic Products Corporation, Los Angeles, 
California) The reference values for Cbl in our laboratory are 150-750 pmol/L Blood cell counts 
were analyzed on a HI (Techmcon) Blood smears were blinded for review by an expenenced 
technician who was unaware of any clinical or laboratory finding The number of five-and six-
lobed granulocytes per 100 polymorphonuclear neutrophils was scored Hypersegmentation of 
neutrophils was defined as more than 5 five-lobed or one six-lobed granulocytes per 100 
polymorphonuclear neutrophils (7) Serum IF antibodies were measured by radioimmunoassay 
Plasma MMA concentration was determined by stable isotope dilution capillary gas 
chromatography-mass spectrometry (15) In the preparation procedure of the samples, solvent ex
traction with ethylacetate was used instead of solid phase extraction Plasma tHcy concentration 
was measured by automated HPLC method with reverse phase separation and fluorescent detecti
on (16) Plasma MMA and tHcy levels >0 32 pmol/L and >19 9 pmol/L, (5th percentile in 
controls) respectively, were considered as elevated Plasma gastrin, pepsinogen A and C 
concentrations were measured by radioimmunoassays (17-19) Mild to moderate atrophic gastritis 
is defined as a ratio of pepsinogen A to C <1 6 combined with a pepsinogen A level >17 mg/L 
Severe atrophic gastritis was defined as a ratio of pepsinogen A to C <1 6 combined with a 
pepsinogen A level <17 mg/L (19) 

Statistical analysis 

Results are presented as medians with 25lh and 75'h percentile The 5'h or 95,h percentiles, 
determined by non-parametric method with 90% reliability, in controls were used tor the 
determination of the reference values The Mann-Whitney U Test was used for comparing 
variables of unpaired samples The Wilcoxon Signed-Rank Test was used for comparing variables 
of paired samples A Ρ value < 0 05 was considered as statistically significant 

Results 

Patients 

The clinical characteristics of the patients are presented in Table 6 1 Twenty-one patients 
were out-patients and 20 patients were living independently Seventeen patients were independent 
for ADL Eleven patients had one chronic condition and twenty-one used three or less 
medications per day Four patients had a MMSE score below the cut-off point of 24, indicating 
cognitive dysfunction and four patients had a CDS score above the cut-off point of 14, indicating 
depression Two patients judged their health as very bad, two as bad, 10 as fair, 11 as good and 
three as very good For each patient the relevant medical history, presenting problems, main 
laboratory findings, results of the Cbl absorption tests and the response to Cbl supplementation 
are presented in Table 6 2 The Cbl assay was requested for the following reasons screening 
(n=19), neurological abnormalities (n=4), hematological abnormalities (n=4), previously low Cbl 
level (n=l ) Plasma Cbl was <75 pmol/L in seven, between 75 and 100 pmol/L in 10 and between 
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100 and 150 pmol/L in 11 patients 

Table 6 1 Clinical characteristics of older patients with reduced plasma cobalamin 
levels1 

Patients 
(«=28) 

Male/female 10/18 
Age (years) 74 (66-90) 

Number of chronic conditions2 1 (0-3) 

Number of medications 3 (0-7) 
Mini Mental State Examination score (13) 30 (14-30) 
Geriatric Depression Scale score (12) 7(1 -26) 
Β arthel ADL-Index score ( 14) 20 (6-20) 

1 Results as median and range (in brackets) 2Chronic conditions diabetes, hypertension, stroke, 
malignancy, vascular disease, arthntis/arthrosis, lung disease, osteoporosis, inflammatory bowel 
disease 

Hematological and metabolic abnormalities 
Hematological or metabolic abnormalities were identified in 27 patients None of the 

patients had macrocytic anemia Only three patients had anemia, which was explained by iron 
deficiency in case 3 Macrocytosis (mean cell volume (MCV>100 fl) was present in five patients 
(case 6, 8,10, 13,21) In case 13 this was, at least partially, attributable to azathiopnne therapy 
Absence of macrocytosis was explained by iron deficiency in case 1 and 3 More than 5% five-
lobed neutrophils were found in 20 (78%) and six-lobed neutrophils were found in 15 (53 6%) 
patients 

Plasma MMA was elevated in 23 (82%) and tHcy levels were elevated in 18 (64%) 
patients Both metabolite levels were elevated in 17 patients (61 %) Two patients (case 15 and 21 ) 
with elevated MMA and tHcy levels had high serum creatinine levels (147 μιηοΐ/ί and 139 
μιηοΐ/ί) Nevertheless the metabolites normalized after Cbl supplementation in case 21 (case 15 
not available) Three patients (case 6, 12 and 7) had low Ε-folate levels However, these patients 
had elevated plasma tHcy levels normalizing after Cbl supplementation Only four patients (case 
11, 13, 22 and 26) had normal metabolite levels Three of them had Cbl malabsorption (case 11, 
13, 26) and two (case I I , 13) of them had hematological abnormalities which responded to Cbl 
supplementation Case 22, without Cbl malabsorption or hematological findings, had severe 
atrophic gastritis as indicated by the plasma pepsinogens and gastrin levels Plasma metabolite 
levels did not differ significantly in patients for whom Cbl was requested for screening or for 
specific reasons 

Gastrointestinal abnormalities 
Cbl malabsorption was identified in 23 patients (82%) Fifteen out of 27 patients had an 

abnormal FCA test indicating pernicious anemia ( n=9, proven in case 2,6,8 and probable in case 
5, 9, 14,17,24,28), intestinal malabsorption (n=3, case 7, 11,13), and unknown in three patients 
(case 1,3,25) All but two of the patients with abnormal FCA tests had a normal PCA tests (case 
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1,25) 
Of the 12 patients with normal FC A, eight had abnormal PC A, indicating food Cbl 

malabsorption (case 12, 15, 16, 19, 20, 21, 23, 26) Abnormal PC A tests could be explained by 
atrophic gastritis in three patients (case 19,23 and 26) Five patients absorbed Cbl nonnally Four 
of them had atrophic gastntis (case 4, 18, 22, 27) and four (case 4, 10, 18, 27) had elevated 
metabolites 

Atrophic gastntis, indicated by a low ratio of pepsinogen A to C, was found in 15 (54%) 
patients of whom 11 (39%) had severe atrophic gastntis Plasma gastrin was elevated in 10 of the 
patients with atrophic gastritis Twelve of the patients with atrophic gastntis had Cbl 
malabsorption 

Response to Cbl supplementation 
All 18 patients available for follow-up showed one or more responses to Cbl 

supplementation (Table 6 3) The following responses were observed 1 An increase in 
hemoglobin concentration of 0 5 mmol/L in three (case 4,11,13), 2 A decrease in mean cell 
volume of 5 f] or more in seven (4,6,7,8,21,24,28), 3 A clearing of hypersegmentation in three 
(2,6,11), 4 A normalization of MMA and/or tHcy m all 16 patients with elevated pre-treatment 
levels Hemoglobin level and MCV did not change significantly after Cbl therapy Anemia was 
conected in one patient (1/1) and macrocytosis was conected in three patients (3/3) 

Table 6 3 Hematological and metabolic responses to cobalamin supplementation' 

Hemoglobin (mmol/L) 
Mean cell volume (fl) 
5-lobed neutrophils/100 neutrophils 
6-lobed neutrophils/100 neutrophils 
Plasma methylmalonic acid (μπιοΐ/ί) 
Plasma total homocysteine (pmol/L) 

'Results presented as median and 25ül and 75lh percentile (in brackets) 214 blood smears available 
^After supplementation 6-lobed neutrophils were present in three patients 

Before 
n=18 

8 6 (7 7-9 0) 
94 (90-99) 
15(9-16)2 

l(0-2)2 

0 50 (0 39-0 85) 
21 3(18 8-26 1) 

After 
n=18 

8 6 (8 0-9 3) 
90 (88-92) 
7(5-10) 
0(0-0)3 

0 14(0 11-0 16) 
135(102-171) 

f vali 

0212 
0 079 
0 004 
0 008 
<001 
<001 
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Table 6.2 Medical history presenting problems, main laboratory findings, results of the cobalamin absorption tests and response to cobalamin 
therapy ' 

Case 
age/sex 

Relevant 
history 

Presenling 
problems 

Cbl Hb MCV 5-lobed 6-lobed MMA iHcy FCA 
(pmol/L) (mmol/L) (11) neutro's neulro's (pmol/L) (pmol/L) (%) 

PCA 

(%) 
PC A/C 
ratio 

P G A 

(Mg/L) 
Gaslnn 
(pmol/L) 

Response 
to Cbl suppi 

Reference values 

176/F 

2 69/F 
3 90/M 
4 70/M 
5 66/F 
6 73/F 
7 73/F 

8 79/F 
9 77/M 

10 74/F 

1172^ 
12 84/M 
13 68/F 
14 72/F 
15 77/M 
16 79/M 
1781/F 
18 68/F 
19 78/M 

iron deficiency 

-

-
achlorhydna 

cervical cancer 
pelvic radiation 

-
-

-
-
Crohn's dis 

-
folate def 

-
Grave dis 

-

abdominal pain, 
vomiting" 
cognitive decline 
attempted suicide 
cognitive decline 
paresthesia 
fatigue 
depression, anxiely 

fatigue 
orthostalic hypo

150 750 

120 

75 
130 
77 
65 
48 
66 

37 
110 

tension with collapse 
delirium, slroke 
urosepsis 
diarrhea 
cognitive decline 
headaches 
paresthesia 
previous low Cbl 
headaches 
cognitive decline 
esophagms 
cognitive decline, 
gait problems 

120 

100 
77 
48 
100 
76 
99 
69 
110 
59 

58 1-10 7 80-98 
cr7 3-9 7 

7 3 

86 
6.0 
88 
9 0 
9 0 
80 

76 
86 

7,9 

86 
91 
7.0 
8 1 
7.5 
8 8 
8 0 
83 
95 

90 

90 
77 
96 
94 
104 
94 

119 
94 

101 

91 
98 
100 
89 
94 
85 
92 
91 
90 

<5 

6 

14 
13 
5 
2 
7 
17 

40 
13 

13 

3 
3 
14 
18 
7 
11 
6 
4 
3 

0 

2 

1 
3 
0 
0 
1 
3 

13 
0 

1 

1 
0 
5 
2 
0 
0 
0 
0 
0 

<0 32 

0.43 

0.90 
0 20 
0.75 
0.43 
1.44 
0.56 

0.83 
0.41 

0.39 

0 24 
0.46 
0 16 
2.12 
1.27 
0.42 
0.79 
0.33 
0.53 

<199 

179 

22.5 
20.0 
27.8 
21.0 
42.7 
38.4 

69.0 
22.0 

30.0 

12 6 
24.7 
12 1 
138 
27.1 
19 3 
190 
21.0 
22.0 

>197 

8.2 

9.5 
13.8 

18.4 
6.5 
1.9 

10.7 
15.8 

36 7 

14.0 
199 
4.0 
12.6 
26 0 
22 0 
9.2 
22 1 
22 5 

>9 4 

9 5 

5.2 
8.7 
128 
5.3 
1.0 
1.6 

2.7 
4.1 

159 

8.1 
5.9 
1.4 
6.9 
8.1 
4.4 
4.0 
126 
7.5 

>1 1 

25 

0.4 
1 6 
0.8 
0.1 
0.3 
2 8 

0.5 
0.7 

37 

37 
23 
3 1 
0.3 
25 
24 
0.3 
4 2 
0.6 

>17 

20 

37 

<70 

43 

19 

NA 

6 
67 
35 
1 
2 
153 

11 
27 

780 
14 
1070 
309 
660 
21 

88 
201 

3,4 
4 
1,2,4 
4 
2,3,4 
2,4 

2,4 
NA 

NA 

37 
36 
62 
10 
160 
34 
2 
105 
4 

21 
15 
17 
600 
51 
58 
24 
29 
73 

1,3 
4 
1 
4 
NA 
4 
NA 
NA 
4 



Continuation of Table 6.2 

Case 

age/sex 

Relevant 

history 

Reference values 

20 75/M 

21 85/M 

22 72/F 

23 77/M 

24 73/F 

25 79/F 

26 66/F 

27 67/F 

28 74/F 

. 

-
partial 

gastrectomy 

partial 

gastrectomy 

partial 

gastrectomy 

Presenting 

problems 

follow up 

myelopathy 

check up 

depression 

dizziness, gait 

problems 

stroke 

collapse eci 

depression 

gait problems 

Cbl Hb 

(pmol/L) (mmol/L) 

150-750 

76 

150 

130 

140 

96 

81 

130 

120 

110 

Î 8 I· 

MCV 

(Π) 

•10 7 80-98 

0-7 3-9 7 

8 2 

1 0 0 

8 7 

9 1 

8 9 

7 7 

8 2 

7 7 

8 2 

93 

101 

85 

96 

95 

92 

85 

85 

96 

5-lobed 

neutro's 

<5 

3 

9 

15 

12 

15 

11 

15 

19 

6-lobed 

neutro's 

0 

0 

0 

1 

0 

1 

1 

2 

2 

M M A 

(μιηοΙ/ί) 

<0 32 

0.35 

0.59 

0 28 

0.53 

0.40 

0.36 

0 23 

0.47 

1.62 

tHcy 

(pmol/L) 

< 1 9 9 

21.5 

25.5 

1 4 4 

25.3 

1 7 2 

21.5 

1 4 0 

20.9 

1 9 4 

FCA 

(%) 

> 1 9 7 

37 6 

26 4 

26 8 

20 6 

16.6 

11.9 

30 4 

28 8 

3.1 

PCA 

(%) 

>9 4 

8.7 

8.2 

1 1 4 

6.0 

3.2 

1 1 6 

8.0 

10 1 

1.8 

P G A / C 

ratio 

> 1 6 

3 6 

2 9 

0.3 

0.5 

0.3 

3 5 

1.3 

0.6 

0.3 

P G A 

(Mg/L) 

>17 

61 

107 

6 

13 

8 

28 

42 

18 

4 

Gastrin 

(pmol/L) 

<70 

24 

29 

200 

10 

18 

30 

36 

13 

1800 

Res| 

t o C 

NA 

2,4 

NA 

NA 

2,4 

4 

NA 

3 4 

2 4 

1 Abnormal values bold. Cbl: cobalamin; Hb: hemoglobin; MCV: mean cell volume; neutro's: neutrophils; MMA: methylmalonic acid; tHcy: 
total homocysteine; FCA: free cobalamin absorption; PCA: protein-bound cobalamin absorption; PG: pepsinogen; NA: not available; Response 
to Cbl supplementation: 1. increase in hemoglobin concentration of 0.5 mmol/L or more; 2. decrease of MCV of 5 fl or more; 3 clearing of 
hypersegmented neutrophils; 4 normalization of plasma MMA or tHcy. 



Discussion 

We investigated whether older patients with low plasma Cbl levels are Cbl deficient We 
considered Cbl deficiency to be present when at least one of the following criteria was fulfilled 1 
The presence of hematological or metabolic abnormalities (anemia, macrocytosis, neutrophilic 
hypersegmentation, elevated plasma MMA or tHcy levels), not attributable to other clinical 
conditions 2 The presence of Cbl malabsorption or associated gastric abnormality ι e atrophic 
gastritis, 3 The presence of a hematological or metabolic response to Cbl supplementation In this 
study all investigated older patients with low plasma Cbl levels were Cbl deficient 18 patients 
(64%) fulfilled all three cntena of Cbl deficiency, eight patients (29%) fulfilled two criteria and 
two patients (7%) fulfilled one criterion The diagnostic mynad of tests, applied in this study, was 
used to investigate the hypothesis that low plasma Cbl, contrary to a number of reports in 
literature (2-5), is a clinical significant finding consistent with the diagnosis of Cbl-deficiency 

A limitation of the present study is that only a minority of the 128 patients with low Cbl 
levels participated in the study 40% was excluded based on predefined cntena, while 63% of the 
remaining eligible patients declined participation Patient recruitment forms a well recognized and 
major problem in clinical studies with older patients (20) Most patients had to be excluded 
because they could not comply with the protocol for unne collection, which was necessary for the 
Cbl absorption tests We have no indications that the 28 patients were not representative of the 
entire group with low Cbl levels However, we cannot exclude this possibility 

Next, we will discuss the relative importance of the different hematological, metabolic, 
gastrointestinal and therapeutic findings of our study with regard to the diagnosis of Cbl 
deficiency 

Although anemia or macrocytosis were absent in the majority, most patients had 
neutrophilic hypersegmentation However, mild hypersegmentation as in our patients is not 
looked for or reported on by laboratory personnel As mentioned before, hypersegmentation 
should be requested specifically (7) Neutrophilic hypersegmentation is an early and sensitive 
feature of a megaloblastic state (21 ) Recently, its value in the diagnosis of mild Cbl deficiency 
has been questioned (22) In this study, the number of five-lobed neutrophils decreased 
significantly after Cbl supplementation but remained above 5% in most patients However, the 
number of six-lobed neutrophils declined significantly after Cbl therapy and cleared in almost 
every patient Therefore, the presence of six-lobed neutrophils appears to be a sensitive diagnostic 
tool of mild Cbl deficiency, at least in older patients (23) 

Plasma levels of MMA and tHcy have proven to be highly sensitive indicators of tissue 
cobalamin deficiency (7) In the present study, the majonty of patients (85 7%) had elevated 
plasma metabolite levels, which could not be ascribed to conditions other than Cbl deficiency 
such as renal failure or folate deficiency In addition, the metabolite levels normalized in almost 
every treated patient Only four patients had normal plasma metabolites However, all of them 
had other abnormalities of a Cbl deficiency 

Cbl malabsorption was the most common cause of mild Cbl deficiency in this study 
Defining the cause does not directly answer the question of whether a patient is Cbl deficient or 
not In practice, however, documentation of the cause helps to prop up the diagnosis especially 
when the clinical manifestations are equivocal Therefore, measuring Cbl absorption, although 
difficult to perform in a number of elderly as the results are totally dependent on accurate unne 
collection, is generally considered as an important diagnostic tool Moreover, since most causes 
of Cbl malabsorption are irreversible, the diagnosis of Cbl malabsorption warrants lifelong Cbl 
supplementation Nearly half of the patients had normal Schilling test results Most of them had 

67 



food Cbl malabsorption as indicated by abnormal protein-bound Cbl absorption tests This shows 
that a normal Schilling test does not exclude Cbl malabsorption Because the classical Cbl 
malabsorption syndromes are also identified with the protein-bound Cbl absorption test, we 
propose this test as the method of first choice to diagnose Cbl malabsorption in older patients 

The reported prevalence of food Cbl malabsorption in older Cbl deficient patients ranges 
from 8% (24) to 35 7% (25) The prevalence of food Cbl malabsorption in our study was 28 6% 
Food Cbl malabsorption has been described in patients with compromised gastric function, 
however, the relative importance of acid-pepsin digestion for the release of protein-bound Cbl 
remains to be established It also anses from as yet unknown mechanisms (26) Indeed, most of 
our patients with food Cbl malabsorption had normal plasma pepsinogens levels 

Food Cbl malabsorption does not seem to result from mere age-associated changes 
Previously, we found that healthy older subjects absorb protein-bound Cbl normally (11) In 
addition, Cbl malabsorption is not a transient phenomenon (8, 27) and can even evolve into 
pernicious anemia (28, 29) Furthermore, in this study food Cbl malabsorption caused metabolic 
abnormalities not different from the classical Cbl malabsorption states like pernicious anemia 
Therefore, life-long supplementation of cobalamin in case of food Cbl malabsorption should be 
warranted 

In this study the presence and seventy of atrophic gastntis was assessed indirectly by 
measurements of plasma pepsinogens and gastnn The determination of the ratio of pepsinogen A 
to C has been described as a valid diagnostic substitute for a biopsy of the gastnc mucosa (30) In 
this study we found atrophic gastritis (mostly severe) in nearly half of the patients with low Cbl 
levels, confirming earlier reports on a high prevalence of atrophic gastntis in the elderly (31, 32) 

All our patients showed hematological or metabolic responses to Cbl supplementation To 
define a hematological response we adopted criteria from Stabler et al (33) The fact that some 
patients with hematological responses had no anemia or macrocytosis is thought to indicate the 
presence of sub-clinical abnormalities Especially since impaired DNA synthesis in bone marrow 
cells is demonstrated in 50% of elderly cobalamin deficient patients who have no anemia or 
macrocytosis (34) The relatively modest responses are not surpnsing given the mildness of the 
initial abnormalities Nonetheless, the increase in hemoglobin level, the decrease in mean cell 
volume, the clearing of six-lobed neutrophils and the normalization of elevated metabolite levels 
all strongly support the diagnosis of Cbl deficiency 

Although the data suggest that older hospital patients with low Cbl levels are Cbl 
deficient, the opposite may not be true, ι e normal Cbl levels do not exclude Cbl deficiency 
Some older people with normal Cbl levels may also have elevated plasma metabolite levels (35, 
36) However, the clinical significance is still unclear 

In conclusion, we suggest that older patients with low Cbl levels are Cbl deficient The 
majority of patients do not have abnormalities that are apparent upon the first look but require an 
in depth investigation This study shows that there is no single test that can be used as a gold 
standard Instead, it is the constellation of hematological, metabolic and gastrointestinal findings 
that define the deficiency If left untreated, progression of the deficiency seems inevitable because 
malabsorption of Cbl will persist and tissues will become increasingly Cbl deplete Early 
treatment is important in preventing permanent (neurological) damage (37,38) Furthermore, the 
consequences of mild Cbl deficiency extend beyond its relevance for the hematological or 
neurological domains For example, low Cbl levels are associated with impaired humoral 
immunity (39) and elevated plasma tHcy levels are now recognized as an increased risk for 
cardiovascular disease (40) These findings underline that older patients with low Cbl levels 
should receive lifelong Cbl treatment 
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Abstract 

The aim of this study was to determine whether cerebrospinal fluid (CSF) methylmalonic acid 
(MMA) is increased in neurological patients with low serum cobalamin (vitamin Β12) 
concentrations as opposed to neurological patients with normal serum Cbl concentrations. 

We measured MMA concentrations in serum and CSF of neurological patients with low serum 
cobalamin concentrations but without overt cobalamin related manifestations such as anemia or 
combined disease of the cord, and neurological patients with normal serum cobalamin 
concentrations (controls). 

Serum and CSF MMA concentrations were significantly higher in patients than in controls. 
Serum MMA was elevated in 4 patients of whom 3 had clearly elevated CSF MMA 
concentrations. 

Strong indications for cobalamin deficiency can be found not only in serum but also in CSF of 
patients with seemingly asymptomatic low serum cobalamin concentrations. 

Introduction 

Cobalamin is an essential co-factor in the enzymatic conversion of methylmalonyl-CoA to 
succinyl-CoA. Cobalamin deficiency leads to elevated blood MMA concentrations (1). In 
addition, markedly elevated CSF MMA concentrations have been demonstrated in patients with 
severe neuropsychiatrie abnormalities caused by cobalamin deficiency (2,3). However, nothing is 
known about the CSF MMA concentrations in patients with mild cobalamin deficiency. Mild 
cobalamin deficiency is defined as a deficiency state with metabolic evidence of deficiency, such 
as elevated plasma MMA concentrations, without the overt manifestations of anemia or 
neurological disease (4). These mild deficiency states are far more common than the cobalamin 
deficiency states with florid features like megaloblastic anemia or combined disease of the cord. 
Neurological and electrophysiological abnormalities have been demonstrated in patients with 
mild cobalamin deficiency (5). Measurement of CSF MMA might provide more insight into the 
significance of mild cobalamin deficiency. Therefore we measured CSF and serum MMA 
concentrations in patients with low serum cobalamin concentrations but without hematological or 
neurological signs of cobalamin deficiency and in patients with an apparently normal cobalamin 
status. 

Subjects and methods 

Patients 
CSF-serum pairs of eight neurological patients with low serum cobalamin concentrations 

(s 150 pmol/L, the lower limit of normal for serum cobalamin in our laboratory) were obtained 
(patients). These patients were diagnosed with psychological overload (n=l), hypokinetic rigid 
syndrome (n= 1 ), normal pressure hydrocephalus («= 1 ), lumbar stenosis (/i= 1 ), meningitis («= 1 ), 
multiple sclerosis (n=l), cerebrovascular accident (/i=l), and tension headache (Η=1). 

Controls 
CSF-serum pairs were also obtained from 26 neurological patients with normal serum 

cobalamin concentrations (> 150 pmol/L) (controls). Exclusion criteria for controls were: 
vegetarianism, alcoholism, intestinal surgery or diseases, history of cobalamin or folate 
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deficiency, myeloma, renal or liver disease, dysfunction of the blood brain barrier (elevated 
CSF/serum ratio of albumin), CSF disturbances (red blood cells >200/μί, white blood cells 
>4/μί, total bilirubin >0,08 μιτιοΐ/υ), treatment with cobalamin, folate, vitamin C, potassium, 
antibiotics, antacids, metformin, chloral hydrate, anticonvulsants, anticonceptives Thirteen 
controls were excluded The diagnoses of the remaining 13 controls were multiple sclerosis (n=4), 
dementia (n=l ), cerebrovascular accident (n=2), myalgia/myopathy e c ι (n=l ), and unexplained 
complaints (n=5) CSF was obtained from all patients for diagnostic reasons and normally would 
have been discarded 

Laboratory techniques 
Serum and CSF cobalamin concentrations were determined by radioimmunoassay 

(Quantaphase B12/foIate Biorad no 1911002, California, USA) according to Nijst et al (6) The 
within-assay CV was <5% and the between-assay CV was <10% Serum and CSF MMA 
concentrations were measured using capillary-gas chromatography and mass spectrometry (7) 
The within-assay CV was <2 3% and the between-assay CV was 6 8% A serum MMA 
concentration >0 41 μηιοΐ/ί (95-percentile in 47 healthy volunteers, median age 66 years, range 
26 to 86 years with an apparently normal cobalamin status) was considered elevated 

Statistical analysis 
The results are presented as medians with the range The Mann Whitney U Test was used for 

comparing continuous variables of unpaired samples The Wilcoxon Signed Rank Test was used 
for comparing continuous variables of paired samples The Spearman correlation coefficient was 
used to describe the correlation between continuous variables A P-value of 0 05 or less was 
considered statistically significant 

Results 

The laboratory findings are summarized in Table 7 1 The CSF cobalamin concentration was 
significantly lower than the serum cobalamin concentration in both patients (P=0 012) and 
controls (/MiOOl) The CSF serum cobalamin ratio was not significantly different between 
patients and controls CSF and serum cobalamin concentrations were both significantly lower in 
patients 

The CSF MMA concentration was significantly higher than the serum MMA concentration in 
controls (Ρ=0 001) but not in patients (/^O 4) Patients had significantly higher CSF and serum 
MMA concentrations than controls The CSF serum MMA ratio was significantly lower in 
patients 

Serum MMA was elevated (>0 41 μιηοΐ/ί) in 4 patients with low serum cobalamin 
concentrations and CSF MMA was above 0 55 μπιοΐ/ί (90-percentile in controls) in 3 of them 
In the total study group, serum cobalamin correlated positively with CSF cobalamin (r=0 80, 
P<0 001) (Figure 7 1 A) and negatively with serum MMA (i^-0 75, P<0 001) (Figure 7 IB) and 
CSF MMA (r=-0 52, ^ O 01) CSF cobalamin correlated negatively with CSF MMA (r=-0 61, 
/^O 002) (Figure 7 1C) and serum MMA (r=-0 88, /M) 001 ) Serum MMA correlated positively 
with CSF MMA (i=0 53, /^O 01) 
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Table 7 1 Laboratory findings in neurological patients with low serum cobalamin concentrations 
(patients) and neurological patients with an apparently normal cobalamin status (controls)1 

Controls 
(«=13) 

287(166-662) 
9 3 (6 8-27 4) 
32(19-80) 
0 18(0 07-0 24) 
0 38(0 19-0 68) 
2 06(1 50-593) 

P-valu 

< 001 
< 001 
03 
< 001 
0 02 
0 02 

Patients 
(«=8) 

Serum cobalamin (pmol/L) 96 5(56-147) 
CSF cobalamin (pmol/L) 4 7 (2 0-7 5) 
CSF serum cobalamin ratio (χ 1000) 46(14-87) 
Serum MMA (pmol/L) 0 38(0 21-0 87) 
CSF MMA (pmol/L) 0 49 (0 37-1 00) 
CSF serum MMA ratio 1 42 (0 70-2 34) 

'Results as median and range (in brackets) 

Discussion 

It is not clear how various micronutnents enter the CSF or the brain Many vitamins, such as 
folic acid and vitamin C, seem to be concentrated so that higher concentrations are maintained in 
CSF than in serum This is clearly not the case for cobalamin We and others (8) show that CSF 
cobalamin concentrations are very low and only a small fraction of the serum cobalamin 
concentration Brain tissue, on the other hand, seems relatively rich in cobalamin (9) It is 
therefore uncertain whether CSF cobalamin truly reflects the cobalamin status of the central 
nervous system Measurement of CSF MMA might provide more information on the cobalamin 
status of the central nervous system 

The measured CSF and serum MMA concentrations in controls are in agreement with those in 
the only other report on CSF MMA in controls (2) The CSF MMA concentration is 
approximately two-fold higher than the serum MMA concentration There are no indications of 
transport of MMA into the central nervous system (2), therefore, it is more likely that the 
transport mechanism that removes MMA from the central nervous system has a low capacity The 
monocarboxyhc earner in the choroid plexus does not transport dicarboxylic acids, like MMA 
The removal of dicarboxylic acids probably shares a common path, perhaps the same specific 
earner (10) 

We also measured CSF and serum MMA concentrations in patients with asymptomatic low 
serum cobalamin concentrations These patients had higher serum and CSF MMA concentrations 
in combination with lower serum and CSF cobalamin concentrations compared with controls 
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Figure 7 1 
A Relation between serum cobalamin and CSF cobalamin in patients (^), controls ( · ) and a 
patient with a combined disease of the cord (3) ( • ) 
Β Relation between serum cobalamin and serum MMA in patients (*) , controls ( · ) and a 
patient with a combined disease of the cord (3) (•) 
C Relation between CSF cobalamin and CSF MMA in patients (*), controls ( · ) and a 
patient with a combined disease of the cord (3) (•) 

Four patients had elevated serum MMA concentrations of whom 3 had clearly elevated CSF 
MMA concentrations Because it is unlikely that MMA is transported from the blood into the 
central nervous system (2), it is very probable that the increased CSF MMA concentrations 
indicate cobalamin deficiency within the central nervous system Since none of these 4 patients 
received cobalamin injections, it is unclear whether their neurological abnormalities were 
attributable to cobalamin deficiency 

In contrast to previous reports (2,3), we found a decreased, instead of an increased CSF serum 
MMA ratio in our patients with low serum cobalamin concentrations This discrepancy might be 
explained by the fact that patients in the previous reports had cobalamin deficiency with severe 
neuropsychiatrie abnormalities The accumulation of MMA in CSF in severe cobalamin 
deficiency seems disproportional to the accumulation in serum This is consistent with the 
presumed low capacity of the transport mechanism that removes MMA from the CNS Based on 
the data on patients and controls, including a patient with a combined disease of the cord from our 
previous report (3), it appears that the capacity of the MMA transport mechanism is exceeded -
causing a dramatic rise in CSF MMA concentration - when the CSF cobalamin concentration falls 
below the detection concentration of 2 pmol/L Unfortunately, Stabler et al (2) did not measure 
CSF cobalamin concentrations 

One patient with a normal serum cobalamin concentration is worth mentioning here A young 
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woman, age 24 years, complained about paroxysmal paresthesia in her arms. Her serum 
cobalamin (235 pmol/L), serum MMA (0.21 μιηοΐ/ί) and CSFcobalamin (6.8 nmol/L) were all 
normal. Her CSF MMA, however, was elevated (0.68 pmol/L). Clinically significant cobalamin 
deficiency has been demonstrated in patients with normal serum cobalamin but elevated plasma 
MMA concentrations. It is well known that cobalamin deficiency causes neurological 
abnormalities without anemia. However, whether cobalamin related neurological abnormalities 
could occur in patients with only metabolical evidence in CSF is unknown. 

By measuring serum and CSF MMA, we found strong indications for cobalamin deficiency 
not only in peripheral tissues but also in the central nervous system of patients with seemingly 
asymptomatic low serum cobalamin concentrations. The effect of cobalamin supplementation on 
neuropsychiatrie function in these patients should be the subject of a controlled prospective 
investigation. 
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Abstract 

Mild cobalamin (Cbl) deficiency is frequently found in older persons and is associated with 
cognitive and cerebral abnormalities The effects of Cbl supplementation on these abnormalities 
are largely unknown 

In a single blind, placebo controlled, intervention study 16 healthy community-dwelling 
elderly with low plasma cobalamin concentration and free of cognitive impairments were studied 
One-month treatment with placebo, followed by 5 months treatment with intramuscular injections 
with hydroxycobalamin Before and after measurements of plasma cobalamin, total homocysteine 
(tHcy), methylmalonic acid (MMA), quantitative electroencephalograph (qEEG), and 
psychometric tests were performed 

After Cbl supplementation, plasma Cbl concentrations increased and plasma MMA and tHcy 
concentrations decreased The performance on Verbal Word Learning Test, Verbal Fluency and 
Similanties improved qEEG showed more fast activity and less slow activity Lower plasma 
tHcy concentrations were related to increased fast activity on qEEG on the one hand and 
improved performance on the Verbal Word Learning Test and Similarities on the other Increased 
fast or decreased slow activity on qEEG was associated with improved performance on the 
Verbal Word Learning Test, Similarities and Verbal Fluency 

Electrographical signs of improved cerebral function and improved cognitive function were 
found after Cbl supplementation of older subjects with low plasma Cbl concentrations who were 
free of significant cognitive impairment These improvements were related to a reduction of 
plasma tHcy concentration 

Introduction 

Mild or subtle cobalamin (Cbl, vitamin Β12) deficiency (1) is very common in the elderly, 
with prevalences ranging from 12% to 25% (2-4) This condition is characterised by low to low-
normal plasma Cbl concentrations, elevated plasma methylmalonic acid (MMA) and/or total 
homocysteine (tHcy) concentrations and the absence of overt hematological or neurological 
abnormalities Associations between the Cbl status and cognitive performance in both healthy 
older subjects (5-8) and cogmtively impaired older patients (9) have been reported previously 
Abnormal EEG with presence of slow frequencies has been described in-patients with classical 
pernicious anemia (10-12) and demented mildly cobalamin deficient elderly (13) While Cbl 
supplementation corrects the metabolic abnormalities, ι e elevated plasma MMA and tHcy 
concentrations (14,15), the effects of Cbl supplementation on cognitive and cerebral dysfunction 
has not been adequately studied 

To investigate the effects of Cbl supplementation on cognition and cerebral function, we 
performed a single-blind intervention study with placebo penod and determined the effects on 
plasma Cbl, MMA, tHcy, quantitative EEG and neuropsychological tests in community-dwelling 
older subjects with low plasma cobalamin concentrations 

Subjects and methods 

Subjects 
Community-dwelling, healthy older subjects were invited through advertisements in local 

newspapers to have their plasma Cbl concentration measured Of the 189 persons who responded, 
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28 ( 15 %) had low ( s 150 pmol/L) plasma Cbl concentrations of whom 16 agreed to participate in 
our intervention study Two subjects dropped out one found the protocol burdensome and one 
was diagnosed with a lung tumor and died shortly afterwards In their place, two community-
dwelling outpatients from the geriatric department with low plasma Cbl concentrations, also 
detected by screening, agreed to participate One of them had a depression and the other one had 
personality changes None of the participating subjects had anemia, low concentrations of folate 
in serum or erythrocytes concentrations, myelopathy, history of Cbl deficiency, ongoing Cbl or 
folate supplementation, severe diseases, severe cognitive or sensory problems 

Protocol 
Subjects were seen at baseline, after4 weeks of placebo (weekly IM water injections) and after 

5 months of IM hydroxocobalamin injections (weekly 1000 pg/4 week and monthly 1000 μg/ 
4months) Subjects were told, without clarifying the protocol to them, that they would receive at 
different times during the investigation placebo and cobalamin Injections were administered by 
the principal investigator (DvA) with the use of a syringe covered with non-transparent tape 

Identical procedures were carried out at baseline, after placebo and after hydroxocobalamin, 
and consisted of medical history, neurological examination, venipuncture, neuropsychological 
tests, and qEEG recording At baseline the health status was measured both qualitatively and 
quantitatively 

Laboratory techniques 
Two trained psychological assistants who were blind for the trial setup and unaware of the 

results earned out the neuropsychological tests The assessment battery included the Mini Mental 
State Examination (MMSE), the Geriatric Depression Scale (GDS), Trail Making Test, 
Similarities (WAIS-R), Rivermead Behavioral Face Recognition Test, Verbal Fluency, Verbal 
Word Learning Test (with immediate and delayed recall), Forward and Backward Digit Span 
(WAIS-R) Except for the MMSE and GDS, three different test versions were used 

EEG was recorded with a 21-channel digital EEG system (Brain Electrical Signal Topography, 
Komeuburg, Austria) using the international 10-20 system The EEG was recorded while the 
subject was alert with the eyes closed on a couch in a semi-darkened room The sample frequency 
was 204 8 Hz per channel with a filter setting of 0 15-70 Hz (-3dB) For qEEG analysis six 
segments of 10 seconds without artifacts or signs of drowsiness were selected Fourteen common-
reference (F(rontal) 13, F7, C(entral) 3, T(empora]) 3, T5, P(panetal) 3, O(ccipital) 1, and F4, F8, 
C4, T4, T6, P4, 02) derivations were constructed and 12 bipolar (F3-C3, F7-T3, C3-P3, T3-T5, 
T5-01, P3-01 and F4-C4, F8-T4, C4-P4, T4-T6, T6-02, P4-02) For each denvation, the relative 
power was calculated for the following frequency bands delta ( 1 -4 Hz), theta (4-8 Hz), alpha (8-
12 Hz) and beta, (12 5-25 0 Hz), beta: (25 0- 40 0 Hz) Power is the extent in which a certain 
frequency occurs in a specific frequency band and relative power is the percentage of the sum of 
the power in all five frequency bands Delta and theta represent slow cerebral activity, alpha 
represents normal background cerebral activity and beta represent fast cerebral activity 

Plasma Cbl concentration was measured by competitive radioisotope binding techniques 
(Solid Phase Boil DualCount, Diagnostic Products Corporation, Los Angeles, California) Plasma 
MMA concentration was determined by stable isotope dilution capillary gas chromatography-
mass spectrometry (16) In the preparation procedure of the samples, solvent extraction with 
ethy lacetate was used instead of solid phase extraction Plasma tHcy concentration was measured 
by automated HPLC method with reverse phase separation and fluorescent detection (17) 
Plasma MMA and tHcy levels >0 32 μπιοΐ/ΐ and >19 9 μπιοΐ/ΐ, respectively (95^ percentile in 
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healthy older controls) were considered as elevated (18) 
The Committee approved the protocol for Experimental Research with Humans of the 

University Hospital Nijmegen Written informed consent was obtained from all participants 

Statistical analysis 
Results are presented as medians with minimum and maximum values The effect of Cbl 

supplementation on outcome measures was assessed by the expression (outcome measure after 
Cbl supplementation - outcome measure after placebo) - (outcome measure after placebo -
outcome measure at baseline) If the distribution of the variable after application of this formula 
was normal, the one sample Τ Test was used If the distribution of the variable was not normal, 
the Wilcoxon Signed Rank Test was used The Spearman correlation coefficient was used to 
describe the correlation between continuous variables Ρ values of 0 05 or less were considered 
significant SAS was used for statistical analysis 

Multiple testing (176 statistical tests and 1284 corrélation coefficients) was performed since 
the aim of the analysis was to identify potentially important changes, however, it was unknown 

where these changes could be expected 

Results 

Subjects 
Sixteen community-dwelling older subjects, median age 71 years (range 64 to 89), seven men and 
nine women, with low plasma Cbl concentrations (< 150 pmol/L) were examined Five subjects 
considered their health very good, six good and five fair Ten subjects reported the following 
chronic diseases ischemic heart disease (n=2), hypertension (n=2), respiratory problems (n=2), 
diabetes (n=l ) and arthritis (n=4) Twelve subjects used prescnbed medications (median number 
of medications 3, range 1-8) All subjects were independent for activities of daily living One 
subject had a MMSE score of 23 At the end of the tnal, subjects were asked about the effect of 
cobalamin supplementation on their overall health eight subjects felt that their health had 
improved, seven felt that it had remained the same and one subjects felt that it had deteriorated 

Biochemical changes 
Baseline biochemical characteristics are presented in Table 8 I Before Cbl supplementation 

elevated plasma MMA was present in nine subjects and elevated plasma tHcy in five After Cbl 
supplementation, all subjects had normal plasma MMA and plasma tHcy was still elevated in two 
subjects Plasma Cbl concentrations increased and plasma MMA and tHcy concentrations 
decreased (Table 8 1 ) Plasma MMA and tHcy also decreased in the subjects with pre-treatment 
concentrations in the normal range (median decrease plasma MMA (/i=7) 0 07 mmol/L (-0 14-
0 0) (/^O 004) and median decrease plasma tHcy («=11) 3 80 mmol/L (-8 60-0 0) (/»«cO 001) 
After placebo, the changes in biochemical parameters were non-significant (Table 8 1) 
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Table 8 1 Biochemical outcome measures at baseline, after placebo and after Cbl 

supplementation1 

Baseline Placebo Cbl supplementation P-value 

Plasma Cbl 110(37-150) 110(37-210) 640(360-1600) <0 001 

(pmol/L) 

Plasma MMA 0 34(0 13-120) 0 33(0 16-186) 0 17(0 10-0 294) <0 001 

(μιηοΐ/ί) 

Plasma tHcy 15 3(12 6-46 4) 15 5(13 0-38 5) 12 4 ( 9 9-37 4) 0 008 

(pmol/L) 

'Results as median and range (in brackets) P-values for the effect of Cbl supplementation 

after correction for placebo 

Electroneurophysiologwal changes 

After Cbl supplementation, qEEG showed more fast cerebral activity (increased relative power 
in betai and beta2 frequency band) and less slow cerebral activity (decreased relative power in 
theta and delta frequency band) (Table 8 2) After placebo, opposite changes in qEEG were 
observed namely less fast cerebral activity with more slow cerebral activity as compared to 
baseline (data not shown) 

Cognitive changes 
After Cbl supplementation, performances on delayed recall of the Verbal Word Learning Test, 

Verbal Fluency and Similarities had improved (Table 8 3) After placebo, performances on 
Similarities and Verbal Fluency had worsened Performance on MMSE, CDS, Trail Making 
Test, Face Recognition Test and Digit Span remained unchanged 

Correlations between plasma tHcy MMA cognitive performance and qEEG 
The decrease in plasma tHcy after Cbl supplementation was associated with an increase in the 

Similanties score (r=-0 58, P=0 02) Lower tHcy concentrations were associated with better 
performances on immediate and delayed recall of the Verbal Word Learning Test 
(r=-0 55, P=0 03 and r=-0 58, P=0 02, respectively) No associations could be demonstrated 
between Cbl or MMA and cognitive performance 

The decrease in plasma tHcy after Cbl supplementation was associated with an increase in fast 
cerebral activity in the temporal region (r=-0 53, /^O 04 and r=-0 50, /^O 05) Lower tHcy 
concentrations were associated with more fast cerebral activity in the frontal, central and temporal 
regions (correlation coefficients (n=17) ranged from -0 50 to -0 68) 

The decrease in plasma MMA after Cbl supplementation was associated with an increase in 
fast cerebral activity in the temporal region (r=-0 52, P=Q 04) and with a decrease in slow 
cerebral activity in the central (r=0 54, P=Q 03) and frontal (r=0 52, P=Q 04) region Lower MMA 
concentrations were associated with more normal background cerebral activity (correlation 
coefficients (n=20) ranged from -0 50 to -0 69) and less slow cerebral activity (correlation 
coefficients («= 12) ranged from 0 49 to 0 70) in the frontal, central and temporal regions 
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Table 8.2 Changes in relative powers in five frequency bands after Cbl supplementation 
corrected for placebo-effect in 16 older subjects with low plasma Cbl concentrations 

Left Hemisphere 

Common 
Reference 

F3 
F7 
C3 

P3 
01 

Bipolar 

F3-C3 
F7-T3 
C3-P3 
T3-T5 

Frequency bands 

delta i,betai! 
delta 1 
beta ι !, beta 21 

theta I, delta 1, beta, 1 
theta I 

Frequency bands 

theta I, beta2î 
theta 1, beta 2 t 
delta I, beta21 
beta 11 

Right Hemisphere 

Common 
Reference 

F4 

C4 
T4 
T6 
P4 

Bipolar 

F4-C4 
F8-T4 

T4-T6 
T6-02 
P4-02 

Frequency bands 

delta 1, beta 11, beta21 

beta 11 
theta 1, beta 11, beta 21 
delta 1 
theta 1, beta 1Î 

Frequency bands 

beta 2 î 
theta 1, beta 11, beta21 

beta 21 
beta 21 
beta 21 

Derivations: F=frontal; C=central; T=temporaI; P=parietal; 0=occipital 
t= significant increase in relative power; 1 =significant decrease in relative power. 

Table 8.3 Neuropsychological tests scores at baseline, after placebo and after Cbl 
supplementation 

Baseline 

Verbal Word Learning Test, 6(1-11) 
Delayed recall 

Verbal Fluency 

Similarities 

20(14-22) 

7(2-10) 

Placebo 

7(0-13) 

15 (7-22)' 

5(1-10)2 

Cbl f-value 
Supplementation 

11 (2-14) 

18(9-22) 

7(2-10) 

0.03 

0.004 

0.05 

'Results as median and range (in brackets). 'P=0.003 and 2P=0.04 compared to baseline. 
P-values for the effect of Cbl supplementation after correction for placebo. 

The increase in fast cerebral activity in the fronto-temporal regions after Cbl supplementation 
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was associated with improved performance on delayed recall of the Verbal Word Learning Test 
(correlation coefficients («=3) ranging from 0 51 to 0 61) and Similarities (r=0 54, p=0 03) The 
decrease in slow cerebral activity in the fronto-temporal region was also associated with 
improved performance on Similarities (r=-0 57, /^O 02) More fast cerebral activity in the frontal, 
central and temporal regions was associated with better performance on immediate and delayed 
recall of the Verbal Word Learning Test and Word Fluency (correlation coefficients (n=32) 
ranged from 0 49 to 0 66) Less slow cerebral activity fronto-temporal was associated with 
improved performance on Verbal Fluency (r=-0 54, Z^O 03) 

Discussion 

This is the first intervention study with placebo period measuring the effects of Cbl 
supplementation on cognitive performance and cerebral function in community-dwelling older 
subjects with low plasma cobalamin concentrations but free of significant cognitive dysfunction 

After Cbl supplementation, subjects performed better on the Verbal Word Learning Test, 
Verbal Fluency and Similarities Especially the change for the Verbal Word Learning test is 
convincing Improvement after Cbl supplementation on the verbal fluency test has also been 
described in a retrospective study on patients from a memory disorders clinic (19) It can not be 
excluded that the improvement represents a practice effect We tried to overcome this problem by 
using three different versions In contrast, performance on Verbal Fluency and Similarities 
worsened after placebo Several explanations come to mind First, the changes after placebo are 
within the variation of the test Second, it could be that the poorer cognitive performance was due 
to progression of the deficiency in some subjects during the month placebo period Indeed, the 
qEEG also worsened after placebo showing more slow and less fast activity after placebo 

Improved cognitive performance after Cbl supplementation was accompanied by 
electrographically improved cerebral function In cobalamin deficiency, abnormal EEC's show 
increased activity of the slow waves ι e theta and delta activity and slowed alpha frequencies ( 1 Ο
Ι 3) Our findings are in concert with these descriptions ι e disappearing of increased slow 
rhythms in favor of fast rhythms with Cbl treatment In order to calculate the effect of Cbl 
supplementation on cerebral function, as opposed to describe, we performed a quantitative 
analysis of the EEG data In literature we found no information on quantitative EEG or relative 
power in Cbl deficient patients For some frame of reference we compared our qEEG findings 
with that in Alzheimer patients and normal aging In mild Alzheimer's disease there are increases 
in slow theta activity and decreases in fast beta activity, whereas with greater seventy of 
dementia, there are also decreases in alpha activity and increases in slow delta activity (20,21) In 
normal aging, slow delta activity increases and fast beta activity decreases (22) Thus, the changes 
in electrographical cerebral function after Cbl supplementation in older subjects with low Cbl 
concentrations are opposite to the changes in Alzheimer's disease and normal aging 

Two hypotheses for cognitive impairment in Cbl deficiency have been postulated, 
hypomethylation and cerebrovascular disease (23) A reduced availability of methyl groups 
within the central nervous system can cause demyelination of the brain (24) Cobalamin is 
required for the methylation of homocysteine to methionine which is activated into S-adenosyl-
methionine that subsequently donates its methyl group to numerous methyl acceptors such as 
myelin, neurotransmitters, and membrane phospholipids, each of which is crucial to the function 
and integrity of the nervous system Consequently, hypomethylation of these substances could 
lead to cognitive dysfunction Secondly, cobalamin deficiency causes hyperhomocysteinemia. 
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which is associated with increased cardiovascular risk, including stroke (25) Therefore, it has 
been suggested that hyperhomocysteinemia related cognitive dysfunction may be mediated by 
cerebrovascular changes It is, however, difficult to conceive that stroke related neuronal damage 
is reversible by lowering the plasma homocysteine concentration as observed in the present study 
A more plausible explanation would be that by lowering the plasma tHcy concentration the 
endothelium-dependent, nitric oxide dependent, vasodilatation is improved (26) An 
epidemiological study found plasma homocysteine to be a predictor of spatial copying 
performance, however, this association was not explained by clinical diagnosis of vascular 
disease (7) The associations we found between plasma tHcy and cognitive performance on the 
one hand and electrographical cerebral function on the other support the involvement of 
homocysteine in Cbl-related cognitive changes 

The present study may have some caveats Firstly, a placebo-controlled trial would have 
been a stronger experimental design However, while there is a need for this information it would 
seem unethical to withhold treatment from older persons with low Cbl levels We attempted to 
overcome the absence of a control group by introducing a placebo period and by analyzing the 
effect on the outcome measures for the whole group, ι e each subject was his own control A 
crossover design was not possible because Cbl has a long and unpredictable washout period 
Secondly, the possibility that some of our findings are due to chance can not be excluded 
However, the number of significant differences (n=37) or significant correlations (n= 100) exceed 
that expected by chance (n=9 and n=64 for differences and correlations, respectively) and the 
internal consistency of relations and the fact that significant changes in tHcy concentrations, 
qEEG and cognitive tests were interrelated argues against an entirely spurious set of outcomes A 
larger, placebo-controlled trial is required to establish whether detection and treatment in the 
subclinical state is of advantage to older persons The present study has identified qEEG and 
some cognitive tests as valuable outcome measures for such an investigation 

In sum, electrographical signs of improved cerebral function and improved cognitive function 
were found after Cbl supplementation of older subjects with lo w plasma Cbl concentrations who 
were free of significant cognitive impairment These improvements were related to a reduction of 
plasma tHcy concentration 
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Abstract 

Plasma homocysteine concentration rises with increasing age However, the clinical 
consequences regarding cognition and the prognostic value of elevated plasma homocysteine 
concentration for cognitive function in the oldest of old, are as yet unknown 

In a cross-sectional case-control study we determined the relation between serum 
concentration of homocysteine, folate, and cobalamin with cognitive impairment in 316 subjects 
aged 85 years and over In 98 subjects we also determined the relationship between the serum 
concentration of homocysteine, folate, and cobalamin and cognition in a prospective way 

Serum homocysteine concentration was higher in subjects with mental impairment (24 7 
pmol/L) compared to controls (21 8 pmol/L) (ZM) 001) After correction for age and serum 
folate, subjects with serum homocysteine concentration in the highest quartile (>28 6 pmol/L) 
had a 3 2 times (95% CI 1 58-6 34) higher odds ratio for cognitive impairment compared to 
subjects with serum homocysteine concentrations in the lowest quartile (<=19 6 μπιοΐ/ί) {Ρ for 
trend <0 001) Subjects with elevated serum homocysteine concentrations (>28 6 pmol/L) had a 
more severe mental deterioration after a mean period of 3 years, compared to subjects with low 
(<19 6 μιηοΐ/ί) serum concentrations (P=0 001) After correction for age and initial MMSE-
score, the odds ratio for cognitive decline in subjects with in the highest quartile (>28 6 μιηοΐ/ί) 
was 3 8 (95% CI 1 04-13 64) times higher compared to subjects with serum homocysteine 
concentrations in the lowest quartile (<=19 6 μπιοΐ/ί) (Ρ for trend =0 05) 

Thus, we found that an elevated serum homocysteine concentration is a strong predictor 
for cognitive decline in subjects aged 85 and over 

Introduction 

Plasma homocysteine concentrations are frequently increased in the elderly (1-3), often in 
combination with elevated plasma methylmalonic acid concentrations ( 1 ) These elevated plasma 
metabolite concentrations are strongly associated with cobalamin deficiency (4-11) Other causes 
of hyperhomocysteinemia are folate deficiency, renal failure, and various genetic defects 
(5,12,13) High homocysteine concentrations, regardless of their cause, are associated with an 
increased risk of vascular disease ( 14-22) 

It has recently been suggested that high plasma homocysteine concentrations are 
associated with cognitive impairment in the elderly (2,23) This might be explained by cobalamin 
deficiency (7,24), folate deficiency (25,26), or other mechanisms These factors may account for 
severe deterioration of-complex cognitive function in a relatively large proportion of the elderly 
population Therefore, we evaluated the role of the homocysteine, cobalamin, and folate status in 
relation to cognitive function in subjects aged 85 and over (27,28) 

Subjects and methods 

Case-control study 

During the period from January 1987 until March 1989, 977 persons aged 85 and over 
were visited at their place of residence as part of the 'Leiden 85-plus study'(27-29) The study 
protocol was approved by the local ethics committee, and all participants gave their informed 
consent On the entry date of the study, the total cohort of inhabitants of the Leiden population 
aged 85 and over consisted of 1258 subjects Of these subjects, 221 persons died before they 

88 



could be examined, 60 persons declined to participate, and the remaining 977 were included 

At the first examination a complete medical history was taken by a physician, who also 
performed the Mini-Mental State Examination (MMSE) (30-32) Subjects with an MMSE score 
<24, suggestive of dementia, were seen by a psychiatrist In the medical history, vascular disease 
was divided into the following groups cerebrovascular accident (CVA), coronary heart disease 
(myocardial infarction, angina), and penpheral artenal disease (claudicatio) The method of 
history taking was closely consistent with the medical records of the general practitioner Blood 
was drawn by venipuncture and serum samples were processed within two hours and stored at -20 
°C 

For the case-control study we selected all subjects (n=192) with both a MMSE score <24 
and a DSM-III diagnosis such as senile dementia, multi infarct dementia, depression, or no 
diagnosis These cases were matched for age and sex with 182 subjects with normal MMSE 
scores (>27) (controls) Thus, 374 subjects were initially selected 192 subjects with MMSE<24 
and 182 subjects with MMSE>27 Fifty-eight (32 cases and 26 controls) subjects were excluded 
because of renal insufficiency or suspected vitamin use, either cobalamin, folate or both This was 
based on information in their medical records or serum cobalamin values above 518 pmol/L 
After exclusion, the present case-control study consisted of 160 cases and 156 controls 

Prospective study 
After a mean period of three years (3 3 years, s d 0 5) 134 subjects were re-evaluated 

(33) This group consisted of all 66 living subjects with a MMSE score <24 at the start of the 
study and a random sample of 68 subjects with a MMSE-score >24 At the second visit the 
MMSE was performed, but no blood sample was taken 

Serum from the first visit was available from 112 of these 134 subjects These 112 
subjects were included in the prospective study Most (n=81) of these subjects were part of the 
case-control study Fourteen of the 112 subjects were excluded because of renal insufficiency, or 
suspected vitamin use Thus, 98 subjects were included in the prospective study 

Laboratory techniques 

Serum cobalamin and folate concentrations were measured with a quantitative radioassay 
technique using purified intrinsic factor and beta-lactoglobuhn as binders for cobalamin and 
folate, respectively (DualCount Solid Phase Boil assay; Diagnostic Products Corporation, Los 
Angeles, CA ) Reference values for cobalamin deficiency was a serum cobalamin <148 pmol/L 
and for folate deficiency a serum folate <2 6 ng/mL) 

Serum methylmalonic acid concentration was determined by stable-isotope-dilution 
capillary gas chromatography-mass spectrometry (34) The within-assay CV was 2 3% and the 
between-assay CV was 6 8% A serum methylmalonic acid concentration greater than 0 32 
μιτιοΐ/ί (95th percentile in older control subjects) was considered elevated (35) 

Serum homocysteine concentration was measured by automated HPLC (36) Both the 
within-and between-assay CV was <5% A serum homocysteine concentration greater than 19 9 
μητιοΐ/ί (95th percentile in older control subjects) was considered elevated (35) 
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Statistical analysis 
Statistical analysis was done with SPSS for WINDOWS Release 7.5. Data with a non-

normal distribution (serum homocysteine, folate, and methylmalonic acid) were log-transformed 
before analysis. The means between groups were compared with the Student's t-test. Associations 
between vitamins, metabolites, serum creatinine, vascular disease, MMSE scores, and delta 
MMSE scores were calculated with Pearson correlations and multiple regression analysis. 
Percentages between groups were compared with Pearson Chi-square tests. To quantify 
differences, odds ratios were calculated. Differences between groups with various DSM-III 
diagnoses were analyzed with one-way ANOVA. In multiple comparisons, calculations were 
corrected using Tukey's HS.D.-method. A f-value of 0.05 or less was considered statistically 
significant. Results are presented as mean ± s.d. 

Results 

Case-control study 
Vitamin and metabolite status 

Demographic and clinical characteristics are presented in Table 9.1. The sex ratio and 
age was similar for cases and controls. 

Table 9.1 Characteristics of participants of the case-control study' 

Sex (male/female) 

Age (years) 
Serum tHcy (pmol/L) 
Serum folate (ng/mL) 
Serum cobalamin (pg/mL) 
Serum methylmalonic 

Serum creatinine (pmc 

acid (pmol/L) 

)1/L) 

Cases 
MMSE<24 

«=160 

33/1222 

88.0(86-91) 
24.7(20.7-31.0) 

3.95 (3.0-4.9) 
365 (256-495) 
348 (248-567) 
95.6 ± 29.0 

Controls 
MMSE>27 

/V=156 

40/116 
88.0 (86-90) 
21.8(18.6-26.6) 

4.6 (3.4-5.9) 
345(241-429) 
373 (270-529) 
98.2 ± 31.2 

/•-value 

0.21 
0.42 
<0.001 
•cO.OOl 
0.12 

0 20 
0.45 

Results as median and 25' and 75' percentile (in brackets). Serum creatinine in mean ± s.d. 
2 Data not available for 5 cases. To convert serum folate to nmol/L multiply by 2.266. To convert 
plasma cobalamin to pmol/L multiply by 0.7378. To convert serum creatinine to mg/dL multiply 
by 88.4. 

The mean serum homocysteine concentration was significantly higher in cases (/'«cO.OOl, 

Mann Whitney U). After adjustment for serum folate, cobalamin, methylmalonic acid, creatinine 

concentrations, vascular disease and age, serum homocysteine remained significantly higher in 

cases (P< 0 001, Mann Whitney U) Most subjects had elevated serum homocysteine 

concentrations (i.e. >19.9 μπιοΙ/ί), especially cases (81.9% cases (131/160) versus 65.8% 

controls (102/156) (P=0 001, Mann Whitney U). Of the 233 subjects with elevated serum 

homocysteine concentrations, serum folate was low in 34 (15%) (27 cases and 7 controls, 

P=0.003), serum cobalamin was low in 40 (17%) ( 21 cases and 19 controls), and serum 

creatinine was increased (> 133 pmol/L) in 28 (12%). Hundred thirty-four (58%) of the subjects 
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with elevated homocysteine concentrations had neither low serum folate or serum cobalamin nor 
increased serum creatinine concentrations 

The mean serum folate concentration was lower in cases (/M) 001, Mann Whitney U) 
Twenty-eight cases (18%) and 10 controls (6%) had low folate concentrations (i e <2 6 ng/mL) 
(P=0 002, Mann Whitney U) 

The mean serum cobalamin concentration was similar for cases and controls (P=0 12, 
Mann Whitney U) Sixteen percent of all subjects had low serum cobalamin concentrations (i e 
<148pmol/L) 

The mean serum methylmalonic acid concentration was also similar for cases and controls 
(f^O 20, Mann Whitney U) (Table 9 1) Methylmalonic acid concentrations were elevated (i e 
>320 pmol/L) in 176 of the 305 subjects (58%) Both serum methylmalonic acid and 
homocysteine concentrations were elevated in 48% (147/305) subjects Serum cobalamin 
concentration was low 24% (36/147) of these subjects 

Serum homocysteine concentrations correlated negatively with serum folate and serum 
cobalamin concentrations, and positively with serum methylmalonic acid, serum creatinine 
concentrations, and with age (Table 9 2) 

Table 9 2 Pearson correlation coefficients for serum concentrations, age and MMSE score for all 

316 cases and controls' 

tHcy Creatinine Cobalamin Folate MMA Age MMSE 

THcy 

Creatinine 

Cobalamin 

Folate 

MMA 

Age 

0 497 
(P<0 001) 

-0 254 
(P<0 001) 

-0 038 
(P=0 5I4) 

-0313 

(/'«CO 001) 
0 028 
(P=0 628) 

0 001 
(^=0 980) 

0 472 
(P<0 001) 
0 282 

(/><0 001) 

-0 433 

(P<0 001) 
0 111 
(/^O 054) 

0 220 
(/><0 001) 

0 075 
(P=0 194) 

0 007 

(P=0 898) 
-099 
(P=0 078) 

0 055 
(P=0 337) 

-0 198 
(P<0 00\) 
0 094 

(P=0 101) 

-0 089 
(/^O 238) 

0 238 
(P<0 001) 
-0014 

(P=0 806) 
-0 146 
(/^OOIO) 

'Pearson correlation coefficient with /"-value (in brackets) Abbreviations tHcy homocysteine, 
MMA methylmalonic acid 

Cognition 
Analysis of the total group showed a negative correlation between 

MMSE scores and serum homocysteine (Pearson R=-0 198, P<0 001) (Table 9 2) MMSE score 
was positively correlated with folate (Pearson R=0 238, /MiOOl), and negatively with age 
(Pearson R=-0 15, P=0 01) 

Higher serum homocysteine concentrations were associated with cognitive impairment ι e 
lower MMSE scores (P for trend <0 001) (Table 9 3) Subjects with high serum homocysteine 
concentrations had a 3 96 (CI 2 04-7 68) times higher odds ratio for cognitive impairment The 
cut-off point was defined as the highest serum homocysteine quartile (>28 6 μιτιοΙ/Ε) After 
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correction for age and folate, the odds ratio remained elevated, namely a 3 16 (CI 1 58-6 34) 
There was no correlation between MMSE scores and serum methylmalonic acid 

concentrations (Table 9 2) However, in a group of subjects (n=l 15, cases and controls) with 
reduced serum cobalamin concentrations (<222 pmol/L) the MMSE-score correlated negatively 
with serum methylmalonic acid concentrations (Pearson R= -0 20, P=0 036) 

Table 9 3 Risk for cognitive impairment for different serum homocysteine and folate 
concentrations in the case-control study' 

Serum homocysteine 

(μπιοΐ/ί) 
1st quartile (< 19 6) 

2ndquartile(19 6-23 3) 
3rd quartile (23 3-28 6) 

4th quartile (>28 6) 

Serum folate (ng/mL) 
1st quartile (>5 5) 
2nd quartile (4 3-5 5) 
3rd quartile (3 2-4 3) 
4th quartile (<3 2 

Cases 

«=160 

29 
35 
43 
53 

52 
41 
38 
29 

Controls Odds ratio (CI) 

;V=156 

52 

44 

36 

24 

31 

36 

38 

51 

1 00 

1 43 (0 75-2 69) 

2 14(1 14-4 04) 

3 96 (2 04-7 68) 

Corrected odds ratio (CI) 

1 00 

1 28 (0 67-2 44) 
1 80 (0 93-3 49) 
3 16(1 58-6 34) 

1 00 1 00 
1 47 (0 78-2 77) 1 30 (0 78-2 49) 
168(0 89-3 16) 151(0 79-2 91) 

2 95(156-5 68) 2 39(123-4 66) 

Odds ratio and 95% confidence interval (CI in brackets) uncorrected and corrected for age, 
serum folate (in case of serum homocysteine), and serum homocysteine (in case of serum folate) 
Test for trend for serum homocysteine concentrations ZM) 001 before and after correction Test 
for trend for serum folate concentrations P=0 001 before and /^O 01 after correction 

DSM-III diagnoses 
In the different DSM-III diagnostic groups (senile dementia n=l 19(74%), multi-infarct 

dementia «=14 (9%), depression n=6 (4%), and DSM-III-control group n=2\ (13%)) similar 
serum homocysteine, cobalamin, and methylmalonic acid concentrations were observed (data not 
shown) Serum folate concentrations were significantly lower in cases with senile dementia 
compared with controls (P=0 045, Mann Whitney U) 

Vascular disease 
A history of vascular disease was present in 100 of the 311 subjects (53 of 155 cases and 

47 of 156 controls (/^O 44, Mann Whitney U)) No differences in mean serum homocysteine 
concentrations were observed between subjects with a history of vascular disease (26 6 μπιοΐ/υ) 
and those without such a history (25 0 pmol/L) (Ρ=0 14, Mann Whitney U) The prevalence of 
vascular disease was similar in cases with serum homocysteine concentrations in the highest 
quartile (>28 6 pmol/L) and cases with serum homocysteine concentrations in the lowest quartile 
(<=19 6 pmol/L) (/^O 33, Mann Whitney U) 
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Prospective study 

Cognition after 3 years 
Analysis of the association between serum homocysteine concentrations and changes in 

MMSE-scores after 3 years revealed a significant correlation between a decline in the MMSE 
(deIta-MMSE= MMSE-score at follow up minus initial MMSE-score) and the initial 
homocysteine concentrations (Pearson R=-0 27, /"«cOOl) (Table 9 4) Higher initial serum 
homocysteine concentrations led to a larger delta-MMSE (Table 9 5) Subjects with elevated 
serum homocysteine concentrations (tHcy >28 6 pmol/L, highest quartile) had a more severe 
decline in MMSE-scores compared to subjects with lower serum homocysteine concentrations 

At follow-up subjects with elevated serum homocysteine concentrations (>28 6 pmol/L) 
had significantly lower MMSE-scores compared to subjects with homocysteine concentrations in 
the lowest quartile (< 19 6 μπιοΐ/ί) (Z^O 001, Mann Whitney U) The decline in MMSE was more 
severe in subjects with homocysteine in the highest quartile (>28 6 μπκ>1/ί) compared to subjects 
with homocysteine in the lowest quartile (<19 6 μιτιοΐ/ί) (Z^O 03, Mann Whitney U) (Figure 
9 1) 

Subjects with high serum homocysteine concentrations had a 5 0 (CI 1 19-16 83) times 
higher odds ratio for cognitive decline The cut-off point was defined as the highest quartile 
(>28 6 pmol/L) (Table 9 5) A significant correlation between delta-MMSE and age (Pearson R=-
0 25, /^O 01) and between delta-MMSE and initial MMSE score (Pearson R=0 26, P=0 01) was 
found (Table 9 4) After correction for age and the initial MMSE score, the odds ratio remained 
elevated, namely a 3 77 (CI 1 04-13 64) times higher for cognitive decline in subjects with 
elevated serum homocysteine concentrations >28 6 μπιοΐ/ί compared to subjects with serum 
homocysteine concentrations in the lowest quartile (Table 9 5) 

Table 9 4 Pearson correlation coefficient between serum concentrations, age and initial MMSE 
score with delta-MMSE in the prospective study' 

7i=98 THcy Creatinine Cobalamin Folate MMA Age MMSE 

delta- -027 -0 125 -0017 0 190 0061 -0 246 0 259 
MMSE (^OOOS) (/>=0 223) (P=0 867) (/M) 060) (/M) 557) (P=0 014) (/^OOIO) 

Pearson correlation coefficient with P-value (in brackets) Abbreviations tHcy homocysteine, 

MMA methylmalonic acid delta-MMSE MMSE-score at follow up minus initial MMSE score 
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Table 9 5 Risk for cognitive decline for different homocysteine concentrations in the prospective 
study 

Serum homocysteine 
(μιτιοΐ/ΐ.) 
lstquartile(i 19 6) 

2ndquartile(19 6-23 3) 
3rd quartile (23 3-28 6) 

Decline 

«=49 

10 

12 
12 

No decline 
n=46 

20 

11 
9 

Odds ratio (CI) 

1 00 

2 08(0 71-6 66) 

2 67 (0 84-8 42) 

Corrected odds ratio (CI) 

100 

1 50(0 45-5 05) 
1 61 (0 46-5 59) 

4th quartile (>28 6) 15 6 5 00(148-16 8 3 ) 3 78(104-13 64) 

Odds ratios and 95% confidence interval (CI in brackets) uncorrected and corrected for age and 
initial MMSE-score Test for trend for serum homocysteine concentrations /^O 008 before and 
P=0 05 after correction 

Discussion 

The Leiden 85+ study is a unique comprehensive population-based study in which we 
could evaluate the oldest old Most of the people in this population were bom in this region and 
have lived here all their lives, and the participation rate in this study was high Therefore, we 
assume a very accurate reflexion of a community dwelling population 

The results presented here indicate that hyperhomocysteinemia is a strong predictive 
factor for cognitive disturbances and cognitive decline in elderly subjects In line with previous 
observations (2,23,37), we found a strong association between homocysteine concentrations and 
cognitive functioning in a transversal study Moreover, this is the first prospective report 
revealing a positive correlation between homocysteine concentrations and cognitive impairment 
after follow up There was a strong independent and graded association between 
hyperhomocysteinemia, MMSE-score at baseline, and deterioration in MMSE score after three 
years Homocysteine concentrations were also a significant predictor for cognitive decline after 
correction for initial cognitive function These observations suggest a possible causal relationship 
between homocysteine and cognitive decline 

Although serum folate concentrations differed between cases and controls, the 
homocysteine concentrations were still significantly higher in cases compared to the control 
group after adjusting for folate status This suggests that hyperhomocysteinemia is also 
influenced by factors other than folic acid deficiency Similarly, controlling for age and renal 
function did not affect the difference in homocysteine concentrations between cases and controls 
The hyperhomocysteinemia observed in the present study could not entirely be explained by 
cobalamin deficiency Fifty-eight percent of all subjects had high serum methylmalonic acid 
concentrations, and 48% had both elevated methylmalonic acid concentrations and high total 
homocysteine concentrations These data are in line with previous reports, showing high 
homocysteine concentrations in elderly subjects both in the presence and in the absence of 
elevated methylmalonic acid concentialions (1,2,10,38) In elderly over 65 years, cobdlanun 
deficiency is a major cause of elevated homocysteine and methylmalonic acid concentrations, 
even when serum cobalamin concentrations are still within the normal range (4,5) However, after 
correction for cobalamin status, the difference in homocysteine concentrations between cases and 
controls remained the same in this study 
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Time O AfterSYeais 

Figure 9 1 Mean MMSE score at the start of the study and after 3 years follow-up for subjects 
with different serum homocysteine concentrations 

subjects with serum homocysteine concentrations >28 6 μητιοΐ/ί 
subjects with serum homocysteine concentrations 23 3- 28 6 μπιοΐ/ΐ. 
subjects with serum homocysteine concentrations 19 6-23 3 μπηοΐ/ί 
subjects with serum homocysteine concentrations s 19 6 μπιοΐ/ί 

1 Difference in MMSE score between subjects with serum homocysteine in highest quartile 
compared with subjects with serum homocysteine in lowest quartile at baseline, P=0 06, 
2 Difference in MMSE score between subjects with serum homocysteine in highest quartile 
compared with subjects with serum homocysteine in lowest quartile after 3 years, f=0 001, 
3 Difference in cognitive decline between subjects with serum homocysteine in highest 
quartile compared with subjects with serum homocysteine in lowest quartile, Ρ =0 03 

The elevated serum homocysteine concentrations might also be explained by genetic 
defects Especially abnormalities in the cystathionine ß-synthase and methylene-tetrahydrofolate 
reductase (MTHFR) genes may result in hyperhomocysteinemia (39) However, recent data 
indicate that MTHFR mutations are not associated with cognitive function or cognitive decline in 
the elderly (40) This makes the possibility of a genetic cause of hyperhomocysteinerma leading 
to cognitive impairment in the elderly less probable Thus, no single cause for 
hyperhomocysteinemia could be identified in the present study, indicating it might well be multi
factorial 
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How does hyperhomocysteinemia lead to cognitive impairment? In the subjects with 
vascular disease, homocysteine concentrations were not increased compared to those without 
vascular disease. This suggests that the association between the MMSE-score and homocysteine 
concentrations reported here is not necessarily due to cerebrovascular disease. However, the 
association could be explained by the effects of disturbed homocysteine metabolism on the brain. 
Hyperhomocysteinemia, through a defect in the remethylation pathway, leads to changes in the 
concentrations of for example methionine and S-adenosyl-methionine, which play a central role 
in the synthesis of neurotransmitters, myelins and proteins. Folate, as methyl-donor, and 
cobalamin, as a cofactor, are indispensable in this pathway. 

As folate and cobalamin are known to lower homocysteine concentrations, even when 
there is no clear deficiency, treatment with these vitamins may be a relatively easy intervention to 
improve cognitive function. Folate fortification is mandated by the American Food and Drug 
Administration and since 1998 enriched cereal grain products are fortified at the concentration of 
140 pg/100 g (41). This led to a proposal of bread-fortification with folate, cobalamin, and 
vitamin B6 in Hungary (42). Although several studies indicate the necessity and usefulness of 
supplementation (20,43-45) much controversy still exists on how should be done (46,47). 
Especially in the elderly population with a higher incidence of cobalamin deficiency, mono
therapy with folate supplementation may in fact be harmful (7). 

Taken together, the results presented here suggest that serum homocysteine concentrations 
should be lowered in the elderly. To establish the causal effect of total homocysteine 
concentrations on cognition and the possibility of prophylaxis and treatment, a prospective 
randomized doubleblind clinical trial with total homocysteine lowering agents has been initiated. 
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Abstract 

Aim of this study was to investigate the nasal absorption of hydroxocobalamin in ten 
healthy elderly adults In a crossover study, blood samples were collected before administration 
of the drug and after 10, 20, 30, 40, 60, 120, 180 and 240 minutes The plasma cobalamin 
concentration was determined by competitive radioisotope binding technique 

The maximal plasma cobalamin concentration (Cm«) after nasal administration of 750 pg 
hydroxocobalamin was 1900 ± 900 pmol/1 (mean ± s d ) The maximal plasma cobalamin 
concentration was reached in 35 ± 13 minutes (tmdx) The Cm j x after nasal administration of 1500 
μg hydroxocobalamin was 3500 ± 2500 pmol/1 with a tmilx of 28 ± 16 minutes Both the AUCo 240 
and AUCo.nf increased significantly with an increase of the dose from 750 μg to 1500 μg 
(P=0 037 and P=0 028, respectively) The nasal spray was well tolerated No signs of imlation or 
local sensitivity were noted 

For the hrst time it is shown that the nasal absorption of hydroxocobalamin in healthy 
elderly adults is rapid, high and safe 

Introduction 

Cobalamin (vitamin Β12) deficiency is especially common among older people Studies 
indicate that as many as 15% is cobalamin deficient (1,2) The treatment of choice is the 
administration of cobalamin by intramuscular injections (3, 4) Usually, the patient is put on a 
lifetime regimen of monthly maintenance injections Intramuscular injections, however, have 
disadvantages- they are inconvenient, painful and the frequent need for the assistance of health 
professionals makes the patient dependent and increases the cost of treatment considerably These 
drawbacks could encourage noncompliance A more convenient and cost-effective alternative 
would be advantageous to health care in general and patients in particular 

The search for alternative routes of cobalamin administration began soon after 
cyanocobalamin was isolated and introduced for parenteral use in 1948 (5) Nasal inhalation, 
insufflation or instillation of cyanocobalamin were proposed in the early 1950s (6-8) The 
formulations for nasal inhalation or instillation consisted of low concentrations of 
cyanocobalamin in isotonic saline solution or lactose powder Although these formulations were 
reported to be effective in the treatment of pernicious anemia, none of these proposals found a 
follow-up in clinical practice, in industry or in scientific literature Recently a gel for nasal 
cyanocobalamin instillation has become commercially available The gel, in a dose of 400-500 μg 
cyanocobalamin, has been claimed to be safe and effective (9) We are not aware of studies that 
show the safety and efficacy of the nasal gel in treating cobalamin deficiency A practical 
problem with the use of a gel is that it sometimes dries up and sticks to the unit-dose tubes In the 
sixties oral cyanocobalamin administration for the treatment of pernicious anemia was proposed 
(10-12) Despite the fact that doses of 150 μg to 1000 μg daily are claimed to be effective, it is 
rarely used (13) 

A disadvantage of all these forms of treatment is that they contain cyanocobalamin while 
hydroxocobalamin is the drug of choice Since the fifth World Health Organization Model List of 
Essential Drugs, hydroxocobalamin and not cyanocobalamin, has been the cobalamin included in 
the list (14) Hydroxocobalamin binds more extensively to plasma proteins and has a longer half-
life in the body than cyanocobalamin As a result, hydroxocobalamin is better retained in the body 
and therefore requires less frequent dosage (15) Moreover, cyanocobalamin is contraindicated in 
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patients with tobacco and tropical amblyopia and optic neuropathy in pernicious anemia A plea 
for the withdrawal of cyanocobalamin has been made (16, 17 ) 

Recently, a formulation for the nasal administration of hydroxocobalamin has been developed 
(18) Here we present the results of our exploratory study on the absorption of nasally 
administered hydroxocobalamin in healthy older adults To our knowledge this is the first report 
to document nasal hydroxocobalamin absorption in humans 

Subjects and methods 

Subjects 
Healthy older adults were recruited from the general population by means of advertisements in 

local newspapers The following exclusion criteria were applied use of vitamin supplements 
containing cobalamin, use of nasal medication, or acute or chronic rhinitis Ten subjects were 
selected, six females and four males, age 71 6 + 4 6 year (mean ± s d ) 

Protocol 
The Committee approved the study protocol for Experimental Research with Humans of the 

University Hospital Nijmegen All subjects gave written informed consent On the first test day 
subjects were randomly allocated to a dose of 750 μg or 1500 μg hydroxocobalamin On the 
second test day (after 163 ± 10 days, range 147-175 days) subjects received the alternate dose 
Blood samples were obtained through an indwelling cannula inserted into a forearm vein of each 
subject After a blood sample was collected the cannula was flushed with 1 ml of hepanmsed salt 
solution (150 IE hepann in 0 9% NaCl solution) in order to maintain patency Before each blood 
sample was collected the first 1 -2 ml blood were discarded EDTA-plasma was collected before 
and after drug administration at the following time points 0, 10,20,30,40,60,120, 180 and 240 
mm 

The hydroxocobalamin formulation contained 750 μg hydroxocobalamin per 70 μ 1 in a 
preserved solution and the nasal spray device was a metered pump (Valois, France, VP 7/70) The 
investigator administered 750 μg (one puff) or 1500 μg (one puffin each nostril) hydroxocobala
min nasally The nasal dispenser was weighed before and after administration of the drug to 
ensure that the dose had actually been given 

The plasma cobalamin concentration was determined by competitive radioisotope binding 
technique using purified hog intrinsic factor as cobalamin binder (Solid Phase DualCount, 
Diagnostic Products Corporation, Los Angeles, California) The within-assay coefficient of 
variation was 3 1-3 5% and the between-assay coefficient of variation was 3 3-6 7% The assay 
has a detection limit of 37 pmol/L In case the plasma cobalamin concentration fell outside the 
range of the assay, ι e >1700 pmol/L, the samples were diluted with zero-diluent and assayed 
again 

Pharmacokinetic analysis 
Pharmacokinetic parameters of cobalamin were analyzed by model-dependent and model-

independent methods Because a semi-loganthmic plot of the concentration-time data suggested a 
one-compartment model with first-order absorption, data were analyzed according to this model 
by weighted (1/y) nonlinear regression with use of PCNONLIN (version 30, Scientific 
Consulting Ine , Apex, N C ) The following equation, which takes the endogenous concentration 
of cobalamin into account, was applied 
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C (t)=A° (e '''Ό1 -eka°l) + Cbl 

A= F c D c k ^ (k,-kci) 

in which A is the intercept of the elimination phase on the y-axis, kd and ka are the rate constants 

of elimination and absorption, V is the volume of distribution, D is the dose, F is the 
bioavailability and Cbl is the baseline plasma cobalamin concentration The following 

pharmacokinetic parameters were calculated total area under the curve, AUC (0, °°) = A (1/kci-

l/ka), total area under the first moment curve, AUMC (0,») = A (1/kci2 - l/itkj2), 
apparent total plasma clearance, CL/F=D/AUC, apparent volume of distribution, 
V/F=D°AUMC/(AUC)2 - D/(AUC°ka), absorption half-life, ti/2,=ln2/k„ 

elimination half-life, Um = 1η2/1 ι̂, mean residence time, MRT = AUMC/AUC, 
mean absorption time, MAT = MRT - l/kd, time to reach peak plasma concentration, tmax = 
Inika/kci /(ka - kd), and the peak plasma concentration, Cmax, is calculated after substitution of the 

value for tmax in the first order absorption equation 
The goodness of fit to the plasma concentration data was evaluated through the deviations 

between observations and model-predicted values, expressed as 

r2 = 1 - Σ φ ε ν ^ / Σ (Obs)2 

AUC and AUMC were also calculated model-independently by application of the linear 
trapezium method (from 0 to 240 mm) after correction for baseline plasma cobalamin 
concentrations, with extrapolation to infinity by using the log-linear terminal slope of the plot 

Statistical analysis 
The results are presented as means ± s d The Wilcoxon Signed Rank test was used for 

comparing continuous variables of paired samples A f-value of 0 05 or less was considered 
statistically significant 

Results 

The pharmacokinetic parameters are summarized in Table 10 1 Figure 10 1 shows the mean 
plasma concentrations of cobalamin after nasal administration of 750 μg and 1500 μg to 10 
healthy older adults Model-independent analysis revealed virtually the same values (data not 
shown) The goodness of fit expressed as the mean coefficient of determination was 0 98 ± 0 14 
(range 0 939-0 998), indicating that the model desenbed the data accurately We assumed that the 
descending part of the plasma curves represents the elimination phase of hydroxocobalamin, 
because the rate constants kd and ka in the model are not uniquely identifiable The only way to 
be sure of this assumption is to compare the calculated values with the elimination rate constant 
after intravenous administration Literature data of intravenously administered hydroxocobalamin 
in dosages yielding plasma concentrations comparable to our data are not available Although the 
model fitted the data very well it should be noticed that the extrapolated part of the AUC 
contributes to a large extent to the total AUC (44-55%) Extrapolation of the terminal phase of the 
plot to infinity may be an underestimation of the actual AUC, because an additional, slower phase 
might have been missed However, since plasma concentrations of all individuals at both dosages 
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had nearly returned to their baseline values after 48 hours (data not shown), the influence of such 
an underestimation on the total AUC would be relatively minor. 

The nasal absorption of hydroxocobalamin was fast. The CmJx after nasal administration of 
1500 μg hydroxocobalamin was approximately twice as high as the Cmax after nasal 
administration of 750 μg hydroxocobalamin. However, due to intra- and intersubject variability 
the difference in CmJx was not statistically significant (P=0.09). Nevertheless, both the AUCo-240 
and AUCo-4 increased significantly with the increase in dose (P=0.0A and P=0.03, respectively). 

The nasal spray was well tolerated. No signs of irritation or local sensitivity were noted. 

Table 10.1 Pharmacokinetic parameters of nasal hydroxocobalamin' 

Nasal hydroxobalamin 

750 μg 1500 pg P-value 

Cmax (pmol/L) 

tmdX (min) 

Cbl (pmol/L) 

AUC(0-240) (pmol/ min/ ml"1) 

AUC(0-°°) (pmol/ min/ ml"1) 

ti/2 (mm) 

MRT (min) 

MAT (min) 

CL/F (ml/min) 

V/F (L) 

'Results as are means ± s.d.. AUC(0-240) was calculated by applying the linear trapezoidal rule. 
Cmax, peak plasma concentration; tmjx, time to reach Cmax; Cbl, endogenous plasma cobalamin 
concentration; AUC, area under the plasma concentration-time curve; ti/2, elimination half-life; 
MRT, mean residence time; MAT, mean absorption time; CUF, apparent total plasma clearance; 
V/F, apparent volume of distribution. 

1900 ± 900 

35 ± 13 

280 ± 170 

270 ± 160 

480 ± 350 

170 ± 60 

260 ± 80 

11 ± 5 

2.4 ± 2.3 

0.52 ± 0.49 

3500 ± 2500 

28 ± 16 

240 ± 70 

580 ± 460 

1220 ± 1130 

200 ± 70 

300 ± 110 

8±5 

2.1 ±1.8 

0.50 ± 0.33 

0.09 

0.17 

1.00 

0.04 

0.03 

0.06 

0.08 

0.15 

0.72 

0.88 
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Figure 10.1 Mean and s.d. plasma cobalamin concentration after nasal administration of 750 
μg ( · ) and 1500 μg (O) hydroxocobalamin in healthy older adults. 

Discussion 

The results of our study show that nasal hydroxocobalamin absorption is rapid, high, and safe. 
The absorption of water-soluble compounds depends on several factors like the contact time 
with the nasal mucosa and the size of the compound. There is an inverse relationship between the 
molecular weight of a drug and the absorbed proportion of the intranasal dose (19). Nasal 
absorption decreases with increasing molecular weight but the absorption of compounds up to 
about 1000 daltons is good (20). Nevertheless, this study demonstrates that the absorption of 
hydroxocobalamin with a molecular weight of 1346 daltons is fair. Other hydrophilic compounds 
of similar weight like oxytocin (MW= 1007), desmopressin (MW=1069), buserelin (MW= 1238), 
and nafarelin (MW= 1321 ) are also absorbed nasally. These products have been on the market for 
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some years. The nasal absorption of relatively large hydrophilic compounds is thought to occur 
by diffusion through aqueous channels in the epithelial membrane (19). The role of the 
cobalamin-binder haptocorrin, which has been demonstrated in nasal secretion (21 ), in the nasal 
absorption of hydroxocobalamin is unclear. 

Our study presents the first results on the nasal absorption of hydroxocobalamin in healthy 
older volunteers. We found that nasally administered hydroxocobalamin is rapidly absorbed, that 
the amount absorbed increases significantly with increasing dose and that it is well tolerated. The 
plasma concentrations achieved after nasally administered hydroxocobalamin are in the 
therapeutic range. We did not compare the intranasal administration with the currently used 
intramuscular route. However, based on values in literature it can be roughly estimated that the 
bioavaliabilty of nasal hydroxocobalamin is approximately 2-5%. Plasma concentrations achieved 
after intramuscular injections of comparable dosages are approximately 10 times higher than after 
nasal administration (22, 23). However, with an intramuscular injection of 1000 μg about 50% of 
free hydroxocobalamin are lost into urine (24). Another, although less frequently applies route is 
oral administration. Clinical and hematological remission has been reported in patients with 
pernicious anemia treated with 150 μg/day, 300 μg/day or 500 μg/day of oral hydroxocobalamin 
(10-12). The achieved plasma concentrations after oral administration of hydroxocobalamin are 
about 10 to 20 times lower than after nasal administration of 750 μg and 1500 μg, respectively 
(10-12). 

Differences in mucociliary clearance or variations in spraying technique and deposition pattern 
can explain the rather large intra- and intersubject differences in the amount of nasally absorbed 
hydroxocobalamin. These variables will have to be investigated in more detail in a next study. 
The nasal absorption of hydroxocobalamin is so high that weekly application could prove a good 
alternative for monthly injections. 

In a pilot study during one month of 4 patients with Crohn's disease the mean serum 
cobalamin concentration increased significantly after weekly administration of 1500 μg of the 
same formulation (25). A large clinical study will have to demonstrate that weekly nasal 
administration of hydroxocobalamin to cobalamin deficient patients results in normalization of 
the plasma cobalamin level and reversal of clinical consequences of cobalamin deficiency. 
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Abstract 

Geriatric patients with a cobalamin deficiency are usually treated with intramuscular 
cobalamin injections. This treatment may be painful and requires skilled personnel. This study 
was designed to investigate the absorption of intranasally applied hydroxocobalamin in cobalamin 
deficient geriatric patients. 

Twenty-one geriatric patients with plasma cobalamin concentrations of 150 pmol/L or less 
were recruited. Geriatric patients were defined as being older than or equal to 65 years of age and 
having multiple physical, mental or social problems. A dose of 1500 μg hydroxocobalamin was 
applied intranasally during four weeks: the first week daily and once a week the next three weeks. 

Baseline plasma cobalamin concentration was 119 ± 34 pmol/L (mean ± s.d.). The 
maximum plasma cobalamin concentration, 1271 ± 1053 pmol/L, was reached after one week of 
daily hydroxocobalamin administration. After 4 weeks of treatment a steady state was reached 
with a mean plasma cobalamin concentration of 368 ± 138 pmol/L. No side effects were noted. 

Intranasal application of hydroxocobalamin is well tolerated and results in a steady state 
with normal plasma cobalamin concentrations in cobalamin deficient geriatric patients. 

Introduction 

Low plasma cobalamin (vitamin Β12) concentrations are very common in older people 
and most often indicate cobalamin deficiency at cellular level ( 1,2). Cobalamin deficiency causes 
a wide variety of clinical signs. The classical manifestation is megaloblastic anemia with its 
macrocytosis, hypersegmentation of neutrophil nuclei, typical bone marrow changes and frequent 
pancytopenia. In addition, cobalamin deficiency can be manifested by neurological dysfunction, 
whose typical form is subacute degeneration of the spinal cord but also includes peripheral 
neuropathy and mental abnormalities like cognitive dysfunction, confusion, disorientation, 
hallucinations, psychosis, depression, violent behavior and personality changes. 

In older persons, however, cobalamin deficiency is mostly subtle or atypical with minimal 
or no hematological abnormalities, subtle neurological abnormalities and biochemical evidence of 
cobalamin deficiency at the cellular level, i.e. elevated plasma methylmalonic acid and 
homocysteine concentrations (3). In a previous study we have shown that all older hospital 
patients with low plasma cobalamin concentration fulfilled the criteria of cobalamin deficiency 
(4). 

•Cobalamin deficiency is highly responsive to therapy. Early diagnosis and adequate 
treatment are important in preventing irreversible damage of the nervous system (5). The 
treatment of choice consists of intramuscular cobalamin injections, which are inconvenient, 
painful and require assistance of health professionals. Recently we showed that intranasal 
absorption of hydroxocobalamin in healthy older adults was fast, high and well tolerated (6). 
Furthermore, intranasally applied hydroxocobalamin also showed fast absorption as well as a 
sustained increase of baseline cobalamin concentrations in adult gastroenterological patients (7). 
Because pharmacokinetics may be different in geriatric patients with multiple health problems, 
we studied the absorption of intranasal hydroxocobalamin in geriatric patients with low plasma 
cobalamin concentrations. 
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Subjects and methods 

Patients 

Twenty-one patients, 16 females and 5 males, were recruited Twelve patients visited the 
outpatient clinic and 9 patients were inpatients from the geriatric department of the University 
Medical Center Nijmegen The mean age was 80 8 ± 7 3 years None of the patients had 
undergone nasal surgery and none of them suffered from inflammatory or other nasal diseases 
Low plasma cobalamin concentrations were defined as less or equal to 150 pmol/L 

Protocol 

The nasal hydroxocobalamin formulations contained 750 μg hydroxocobalamin per 70 pL 
preserved solution (US patent 5801161, European Patent 0735859) Based on earlier studies the 
investigator administered an intranasal dose of 1500 μg hydroxocobalamin, one puff of 750 μg in 
each nostril (6 7) The same investigator earned out all applications in order to minimize 
differences in spraying technique 

In the first week 1500 μg hydroxocobalamin was applied daily In the next three weeks 
1500 μg hydroxocobalamin was applied once a week Hydroxocobalamin could not be applied as 
^.heduled in two patients who did not receive the dosage in the third and fourth week One 
patient had to be omitted for logistic reasons and the other patient died 

The Committee approved the study protocol for Experimental Research with Humans of 
the University Hospital Nijmegen All subjects gave written informed consent except for one who 
was judged as incapable to consent In this case con-sent by proxy was acquired 

Laboratory techniques 

Plasma cobalamin concentrations were determined by competitive radioisotope binding 
technique using purified hog intrinsic factor as cobalamin binder (Solid Phase DualCount, 
Diagnostic Products Corporation, Los Angeles, California) The within-assay coefficient of 
variation was 3 1-3 5% The between-assay coefficient of variation was 3 3-6 7% Plasma 
cobalamin concentrations could be accurately determined up to at least 4100 pmol/L, which was 
the highest result in this study 

Pharmacokinetic analysis 

Plasma concentration versus time data following repeated intranasal administration were 
analyzed according to a one-compartment model with first-order absorption by weighed (1/K) 
nonlinear regression with use of WinNonlin version 1 1 (Scientific Consulting, Apex, NC) The 
applied model takes the endogenous cobalamin concentration into account (6) 

Statistical analysis 

The results are presented as means ± s d The Wilcoxon Signed Rank test was used for 
comparing continuous variables of paired samples A P-value of 0 05 or less was considered 
statistically significant 
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Results 

Figure 11.1 shows mean cobalamin concentrations of 21 patients during 4 weeks of 
intranasal hydroxocobalamin administration. After one week the mean baseline cobalamin 
concentration of 119 pmol/L ± 34 pmol/L increased significantly to a maximum mean cobalamin 
concentration of 1271 ± 1053 pmol/L (P<0.0001, Wilcoxon Signed Rank). 
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Figure 11.1 Mean ± s.d. plasma cobalamin concentrations during 4 weeks of intranasal 
hydroxocobalamin administration in 21 cobalamin deficient geriatric patients. The dotted line 
represents the mean, minimal and maximal plasma cobalamin concentrations estimated from 
pharmacokinetic analysis. 

After 4 weeks the plasma cobalamin level decreased significantly to a minimum plasma 
cobalamin concentration of 368 ± 138 pmol/L (P<0.0001, Wilcoxon Signed Rank). The 
minimum plasma cobalamin concentration at week 4, however, was still significantly higher than 
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the baseline plasma cobalamin concentration (P<0 0001, Wilcoxon Signed Rank) 
Pharmacokinetic analysis of the data revealed an elimination half-life of 3 8 ± 0 4 days 

and a mean plasma cobalamin concentration at steady state of 410 ± 290 pmol/L As this situation 
is achieved after 4 to 5 times the half-life of the compound, it can be calculated that from day 7 
(after which cobalamin was administered weekly) it takes 15 to 20 days for cobalamin to reach 
steady state Therefore, the last samples taken after 28 days represent the minimum plasma 
concentration at steady state 

The nasal administration of hydroxocobalamin was well tolerated no signs of irritation or 
sensitivity were noted 

Discussion 

In this study we showed that intranasally applied hydroxocobalamin in 
geriatric patients is well absorbed and tolerated For geriatrie patients this confirms earlier reports 
of intranasal cobalamin application in other subjects (6,7) Confirming and extending the data 
acquired by Van Asselt et al (6) that showed rapid, high and safe cobalamin absorption after a 
single application of hydroxocobalamin, we showed that after repeated administration a steady 
state is achieved with plasma cobalamin concentrations well within the normal range 

We did not measure the clinical effect of intranasal cobalamin supplementation, as this 
was not the goal of our study Unfortunately, we did not have the opportunity to measure plasma 
methylmalonic acid or homocysteine concentrations before and after supplementation 

As far as we know, this is the first study that shows that intranasal hydroxocobalamin 
administration is an attractive alternative for intramuscular cobalamin injections in geriatrie 
patients, in whom cobalamin deficiency has a high prevalence When commercially available, 
intranasal application will be preferable because it is painless and gives the geriatrie patients more 
control and responsibility with regard to their own health Therefore, intranasal application of 
cobalamin could be a way to improve the quality of care and quality of life for many geriatric 
patients Maintenance dose and as used in this study will be appropriate and dose-interval of a 
week is probably optimal for these patients' compliance 
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Chapter 12 

Discussion 



This thesis concerns the following research questions 
1 What is the prevalence of cobalamin deficiency in older Dutch persons9 

2 What are possible causes of cobalamin deficiency in older persons9 

3 What is the clinical relevance of low plasma cobalamin concentrations, with special emphasis 
on a possible relation with cognitive and cerebral dysfunction, in older subjects9 

4 What is the efficacy of intranasal hydroxocobalamin application in older persons9 

Prevalence of cobalamin deficiency in older Dutch subjects 

Cobalamin deficiency is very common Low plasma cobalamin concentrations (< 150 
pmol/L) were found in 24 8% and low normal plasma cobalamin concentrations (between 150 en 
260 pmol/L) were found in 35 3% of older persons from the general population (Chapter 2) In a 
recent study including 555 subjects aged >65 years the prevalence of low plasma cobalamin 
concentrations (<148 pmol/L) was 8 7% and of low normal plasma cobalamin concentrations 
(< 258 pmol/L) 40 2% (1) 

The prevalence of low to low normal plasma cobalamin concentrations (< 260 pmol/L) in 
combination with elevated plasma MMA concentrations was 23 8% (25/105) (Chapter 2) This 
prevalence is higher than the reported prevalence of 12-15% in the United States (2, 3) 

Plasma methylmalonic acid was increased ι η 38 1 % of the older persons from the general 
population (Chapter 2) Remarkably, increased methylmalonic acid concentrations are much more 
common in the elderly in Europe (=40%) than in the United States (=15%) The high prevalence 
of cobalamin deficiency could be related to poorer cobalamin intake or higher prevalence of 
atrophic gastritis or both in older Europeans 

Thus, at least one in four older Dutch persons is cobalamin deficient 

Causes of cobalamin deficiency (Figure 12.1) 

Inadequate intake (Chapter 2) 
This is the first time data have been presented on the cobalamin intake of older European 

subjects Only 5 8% had cobalamin intakes below the Dutch recommended allowance of 2 5 \ig 
per day Among the 25 cobalamin deficient persons only one had a low cobalamin intake We 
found that plasma cobalamin correlated with cobalamin intake, but that the mean intakes did not 
differ significantly by cobalamin status We also found that cobalamin supplements protected 
against low plasma cobalamin concentrations In agreement with our study, a recent study on 
cobalamin intake in 2999 subjects, including 555 subjects aged >65 years, showed an association 
between plasma cobalamin concentrations and cobalamin intake (1) They also found that 
cobalamin supplements and fortified cereal protected against low cobalamin concentrations It 
seems that the form of cobalamin in supplements and fortified cereals is more bioavailable than 
cobalamin in other foods like meat, poultry, and seafood These results lend support to the recent 
recommendation by the National Academy of Sciences in the US that adults aged over 50 years 
obtain most of the recommended cobalamin intake from supplements or fortified foods 

The total cobalamin intake (diet plus supplement) of free-living, older Dutch persons was 
comparable with that by free-living, older American persons However, the intake of crystalline 
forms of cobalamin by older Americans is much higher due to a higher prevalence of supplement 
use, higher amount of cobalamin contained in US supplements and the availability of fortified 
cereals It is probable that the higher intake of crystalline cobalamin in the United States accounts 
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for the lower prevalence of cobalamin deficiency as compared to the Netherlands 
Thus, we could not attribute cobalamin deficiency in older persons to inadequate intakes 

However, higher intakes of free cobalamin seem to protect against cobalamin deficiency The 
recommendation by the National Academy of Sciences in the US for older people to obtain most 
of their cobalamin intake from supplements should be followed in the Netherlands 

Protein-bound or food cobalamin malabsorption 
We found that food cobalamin absorption was not affected by either age or mild to 

moderate atrophic gastritis in healthy middle-aged and older subjects (Chapter 3) Therefore, low 
cobalamin concentrations in older persons cannot be explained either by the aging process or by 
mild to moderate atrophic gastritis The different published studies on the possible age effect on 
cobalamin absorption from food are difficult to compare because of differences in study 
populations, prevalence and severity of atrophic gastritis and test meals used It is possible that 
age has an influence on food cobalamin absorption, which is detectable only by some test meals 
It would be of interest to study the age effect by administering different test meals to each subject 

We used scrambled egg yolk labeled in vivo with 57Co-cobalamin to investigate the food 
cobalamin absorption We selected this test meal because m vivo labeling, as opposed to in vitro 
labeling, ensures that 57Co-cobalamm is bound naturally to its specific binders Scrambled egg 
yolk, when compared to raw chicken serum, is a commonly used food Furthermore, 
administration of raw chicken material to older people was considered unethically in view of a 
possible contamination of the test meal with Salmonella species However, there is no consensus 
on which test meal is the appropriate model for food cobalamin absorption 

In older hospital patients cobalamin malabsorption was the most common cause of 
cobalamin deficiency, prevalence of =80% (Chapter 6) The prevalence of food cobalamin 
malabsorption was 28 6% Most of these patients (62 5%) did not have atrophic gastntis 
Therefore, the relative importance of acid-pepsin digestion for food cobalamin absorption remains 
uncertain and the mechanisms that are unrelated to achlorhydna will now require more attention 
(4) Nearly half of the patients with cobalamin malabsorption had normal results on the Schilling 
test (i e unnary crystalline 57Co-cyanocobalamin excretion test) These patients had abnormal 
results on the protein-bound cobalamin absorption test This shows that a normal result on the 
Schilling test does not exclude cobalamin malabsorption Because the protein-bound cobalamin 
absorption test identifies both the classical cobalamin malabsorption syndromes and food 
cobalamin malabsorption, we propose this test as the method of first choice to diagnose 
cobalamin malabsorption in older patients 

Atrophic gastritis 
The prevalence of atrophic gastntis, as diagnosed by plasma pepsinogen markers, was 

32 4% among free-living older subjects mild to moderate in 19 6% and severe in 12 7% (Chapter 
2) Cobalamin deficiency was associated only with severe atrophic gastntis and could be 
explained by severe atrophic gastritis in only 25% of the cases However, as said before, the 
absence of atrophic gastritis does not rule out food cobalamin malabsorption We did not test the 
food cobalamin absorption in these free-living older subjects 

The prevalence of severe atrophic gastntis in our older Dutch subjects was higher than the 
8 1% reported by Krasinski et al (5) This difference might explain part of the difference in the 
prevalence of cobalamin deficiency between the Netherlands and the United States 

The prevalence of atrophic gastntis, as diagnosed by plasma pepsinogen markers, was 
53 6% in older cobalamin deficient hospital patients mild to moderate in 10 7% and severe in 
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39 3% (Chapter 6) Almost every patient with severe atrophic gastritis (90 9%) had cobalamin 
malabsorption The presence of severe atrophic gastritis, therefore, seems to obliterate the need 
for testing the cobalamin absorption in older patients with low plasma cobalamin concentrations 
The presence and seventy of atrophic gastritis can be diagnosed by serological measurements of 
plasma pepsinogen I and II in the same blood sample used for the plasma cobalamin 
determination 

Only severe atrophic gastritis, not mild to moderate forms, occurred more frequently in 
cobalamin deficient subjects than in non-deficient free-living older subjects (Chapter 2) 
Cobalamin deficiency in the older hospital patients was also associated exclusively with severe 
atrophic gastritis (Chapter 6) Furthermore, mild to moderate atrophic gastntis did not affect the 
cobalamin absorption from food in healthy older subjects (Chapter 3) Therefore, we found no 
evidence that cobalamin deficiency in older persons is related to mild or moderate atrophic 
gastntis This is in agreement with the findings by Kxasinski et al (5) who found low serum 
cobalamin concentrations in 53 3% of older subjects with severe atrophic gastritis but in only 
8 5% of older subjects with mild to moderate atrophic gastritis (5) 

Helicobacterp\lon infection 
Although we found H pylon infection to be related to atrophic gastritis, supporting its 

role in the pathogenesis of gastric atrophy, we could not relate cobalamin deficiency to this 
infection (Chapter 2) However, at the stage of total gastnc atrophy, as in pernicious anemia, 
infected subjects become helicobacter negative (6) as a result of the virtual absence of acid 
production, which inhibits survival of H pylori H pylori infection, however, was associated 
with low normal plasma cobalamin concentrations (i e plasma cobalamin between 150 and 260 
pmol/L) in subjects with normal plasma methylmalonic acid concentrations 

Cobalamin binding proteins 
In chapter 4 we reported that the amount of the unsaturated cobalamin binding proteins 

transcobalamin and haptocomn, are not influenced by normal aging, a finding that is in 
agreement with studies by Nexo et al and Marcus et al (7,8) 

We found no age-related decline in saturated transcobalamin (i e holotranscobalamin) 
(Chapter 4) We, therefore, found no evidence for the increased susceptibility of older persons for 
cobalamin deficiency due to an impaired absorption - which is in agreement with our report in 
Chapter 3 - or delivery of cobalamin to the cells This is in contrast with findings by Marcus et al 
and Metz et al (8,9) who found low holotranscobalamin concentrations in older patients 
irrespective of their plasma cobalamin concentration There are three possible explanations for 
this disagreement in findings Firstly, we examined healthy older subjects from the general 
population with normal plasma cobalamin concentrations whereas the other two investigators 
examined hospitalized older patients with normal plasma cobalamin concentrations Secondly, the 
control group in the study of Marcus et al (8) was considerably younger (median age 34 years) 
than our middle-aged control group (median age 56 5 years) The age of the young control group 
is not mentioned in the study of Metz et al (9) Thirdly, there is a difference in the method used 
to determine the plasma holotranscobalamin concentrations The plasma transcobalamin 
concentration is determined by subtracting the haptocomn concentration from the total plasma 
cobalamin concentration Plasma haptocomn is measured after removal of transcobalamin from 
the sample We used Hepann-Conjugated-Sepharose to remove transcobalamin from plasma 
whereas the others used QUSO or microfine glass QUSO is less specific because QUSO also 
absorbs haptocomn in various degrees, leading to lower plasma holotranscobalamin 

116 



concentrations (10) To our opinion Heparm-Sepharose is preferred 
The plasma holotranscobalarmn concentration did not differentiate between degrees of 

cobalamin deficiency (Chapter 4) 
Low plasma holotranscobalarmn concentrations were only observed among subjects with 

low plasma cobalamin concentrations (< 150 pmol/L) (Chapter 5) These deficiencies were also 
associated with (food) cobalamin malabsorption and severe atrophic gastritis (Chapter 2 and 6) 
Plasma holotranscobalamin concentrations were not reduced in older subjects with low normal 
cobalamin concentration (between 150 and 260 pmol/L) and elevated methylmalonic acid 
(Chapter 5) Indeed, these deficiency states were not associated with atrophic gastritis or H pylori 
infection (food cobalamin malabsorption was not tested) (Chapter 2) Therefore, in our studies 
low holotranscobalamin was not an early marker of cobalamin deficiency (Chapter 4 and 5) 

Instead of a precursor of clinical relevant cobalamin deficiency, low normal plasma 
cobalamin and elevated plasma methylmalonic acid concentrations, appear to form a separate 
entity with an as yet unknown etiology and relevance Since inadequate intake, maldbsorption or 
transcobalamm abnormalities are unlikely, causes will probably have to be sought at the cellular 
level (Figure 12 1) The cellular metabolism by which the cobalamin coenzymes are formed 
involves receptor-mediated binding of the holotranscobalamin-complex to the cell surface, 
adsorptive endocytosis of the complex, and intralysosomal degradation of transcobalamm with 
subsequent transport of cobalamin to the cytoplasm After formation of methylcobalamin it serves 
as co-factor for methionine synthase Before cobalamin becomes available as co-factor lor L-
methylmalonyl-CoA mutase, cobalamin is transported to the rmtochondna followed by enzyme-
mediated reduction of the central cobalt atom and adenosylation to adenosylcobalamin An age 
related decline of the function of the mutase or synthase enzymes could be involved 

In sum, we conclude that cobalamin deficiency in older persons is associated with severe 
atrophic gastritis, =25-40% of the deficiencies can be explained by severe atrophic gastritis 
(including pernicious anemia) Food cobalamin malabsorption accounts for =30% of the 
deficiencies More than half of these deficiencies do not coincide with the deficiencies caused by 
severe atrophic gastritis Therefore, =40-55% of the cobalamin deficiencies in older persons can 
be explained by severe atrophic gastritis or food cobalamin malabsorption The causes of the 
remaining =50% of cobalamin deficiencies is unclear We did not investigate all probable causes 
but concentrated on the most prevalent and clinically relevant ones We postulate that causes at 
the cellular level of the cobalamin metabolism should be investigated 

While the plasma cobalamin concentration is related to the cobalamin intake, we could not 
relate inadequate intake to cobalamin deficiency Higher intakes of free or crystalline cobalamin 
protects against low plasma cobalamin concentrations The cobalamin proteins do not seem to 
have a role in the etiology of cobalamin deficiency in the aged 
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Figure 12.1 Cobalamin metabolism with identification of possible causes of cobalamin 
deficiency 1. Inadequate cobalamin intake; 2. Malabsorption due to atrophic gastritis, food 
cobalamin malabsorption; 3. Malabsorption due to absence of intrinsic factor (pernicious anemia 
or congenital intrinsic factor deficiency), pancreatic insufficiency; 4. Malabsorption due to 
conditions affecting the ileum wall or lumen, dysfunction of the intrinsic factor receptor 
(Imerslund-Gräsbeck); 5. Transcobalamin deficiency or abnormalities; 6. Lysosymal trapping of 
cobalamin (cobalamin F mutants) 7. Impaired reduction of cobalamin (cobalamin C, D mutants); 
8. Impaired synthesis of methylcobalamin (nitrous oxide and cobalamin E, G mutants); 9. 
Impaired synthesis of adenosylcobalamin (cobalamin mutants A, B); 10. Abnormal methymalonyl 
CoA-mutase (cobalamin mutants0 or"). Abbreviations: Cbl: cobalamin; Cbl': fully reduced cobalt 
atom; Cbl3: fully oxidised; HC: haptocorrin; IF: intrinsic factor; TC: transcobalamin; tHcy: total 
homocysteine; adoCbl: adenosyl-cobalamin; MMA: methylmalonic acid. 
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Clinical relevance of low plasma cobalamin concentrations 

Plasma cobalamin concentrations < 150 pmol/L in older persons signified 
cobalamin deficiency and are therefore clinical relevant (Chapter 6) The expression of the 
deficiencies was always mild None of the older patients (Chapter 6) and only one of the free-
living, cobalamin deficient subjects (Chapter 2) had macrocytic anemia 

We found indications that cobalamin deficiency also affects the cerebrum in our study on 
cerebrospinal fluid methylmalonic acid in neurological patients with low and normal serum 
cobalamin concentrations (Chapter 7) 

Cobalamin deficiency was associated with reversible cerebral and cognitive dysfunction 
Cerebral and cognitive dysfunction was related to increased plasma homocysteine concentrations 
(Chapter 8) In the very old, aged 85 y and older, elevated plasma total homocysteine 
concentrations was also a strong predictor for cognitive dysfunction and cognitive decline 
(Chapter 9) These findings indicate that the neuropsychological dysfunction due to cobalamin 
deficiency is related to elevated plasma total homocysteine and not to elevated plasma 
methylmalonic acid The importance of cobalamin supplementation, at least for older persons 
with low cobalamin concentrations, seems likely but remains to be proven Because the most 
important causes of cobalamin deficiency are severe atrophic gastritis and food cobalamin 
malabsorption, these persons should receive lifelong cobalamin supplementation The benefits of 
reduction of plasma homocysteine concentrations in older subjects with elevated plasma 
homocysteine concentrations in the presence of low normal plasma cobalamin concentration 
remains to be established How hyperhomocysteinemia leads to cognitive impairment, whether 
through cerebrovascular abnormalities or through hypomethylation, is another subject for future 
research 

In conclusion, low plasma cobalamin concentrations in older subjects were synonymous 
with mild cobalamin deficiency and were related to cognitive and cerebral dysfunction and should 
be treated 

Efficacy of intranasal hydroxocobalamin application in older persons 

Intranasal hydroxocobalamin application in older persons is well tolerated and results in 
effective nasal cobalamin absorption (Chapter 10) Repeated application results in a steady state 
with plasma cobalamin concentrations well within the normal range (Chapter 11 ) Therefore, it is 
feasible to treat cobalamin deficient older people with the hydroxocobalamin nasalspray 

Cobalamin deficiency in older persons 

We propose the following concept of cobalamin deficiency in older persons based on 
plasma cobalamin concentrations ι e below or 150 pmol/L and between 150 and 260 pmol/L 

Older persons with plasma cobalamin below or 150 pmol/L are cobalamin deficient at the 
cellular level with the following expressions neutrophilic hypersegmentation, increased plasma 
methylmalonic acid and homocysteine concentrations, low holotranscobalamin concentrations 
and mild cognitive and cerebral dysfunction (Chapter 6 and 7) Moreover, these abnormalities 
respond to cobalamin treatment Anemia and macrocytosis are infrequent findings (Table 12 1) 
Causes of these deficiencies are severe atrophic gastritis with cobalamin malabsorption and food 
cobalamin malabsorption, but remains unknown in about 50% of the cases (Table 12 1) We 
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propose to name this entity mild cobalamin deficiency. 
In a study on the prevalence of cobalamin deficiency in the Framingham older population, 

Lindenbaum et al. (2) chose a serum cobalamin of 258 pmol/L as a cutoff point for suspecting 
cobalamin deficiency, because of overrepresentation of elevated plasma methylmalonic acid 
concentrations in members of the cohort with cobalamin concentrations below this cutoff point. 

Table 12.1 Overview of literature on expressions and causes of cobalamin deficiency in older 
persons with low plasma cobalamin (Cbl) concentrations 

Subjects Macro-
cytosis 

Logan (11) 16 geriatric 12.5% 
Cbl<126 patients 
pmol/L 

Nilsson-
Ehle(12) 
Cbl<130 
pmol/L 

Yao(13) 
Cbl<148 
pmol/L 

Joosten (14) 
Cbl<125 
pmol/L 

Metz (9) 
Cbl<150 
pmol/L 

Van Assclt 
(15) 
Cbl i l 50 
pmol/L 

32 free-
living older 
persons 

16 geriatric 
outpatients 

41 older 
patients 

43 older 
patients 

28 older 
patients 

19.0% 

12 5% 

24 4% 

39 5% 

17 9% 

Anemia Hyper- Elevated Atrophic 
segmen- Metabo- Gastritis 
tation lites 

18 6% 

13.0% 

12.5% 

34 1% 

33% 

7 1% 

80% 

74% 

50% 

50% 

Malabsorption Low 
Free Food holotc' 

53.8% 35.7% -

38% 

30.8% 8% 

63 4% 70% 

75% 85.7% 

21 470 

54% 

93 3% 

55 6% 28.6% 89 3% 

holotc: holotranscobalamin. 

Furthermore, the degree of elevation of plasma methylmalonic acid concentrations in subjects 
with plasma cobalamin determinations of 74 to 147 pmol/L was similar to that seen in subjects 
with values of 148 to 258 pmol/L. Also in a study of geriatric outpatients who were screened for 
evidence of cobalamin deficiency, all subjects with increased methylmalonic acid or 
homocysteine concentrations and serum cobalamin concentrations between 148 and 221 pmol/L 
responded to cobalamin treatment with a complete correction or at least a marked fall in the 
metabolite concentrations (3). Metz et al. (8) found hyperhomocysteinemia, neutrophilic 
hypersegmentation or macrocytosis in 75% of older patients with serum cobalamin concentrations 
of 150 pmol/L or greater. The overlap in hematological or biochemical abnormalities with 
subjects with low serum cobalamin concentrations was much reduced if the cutoff point for 
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reduced serum cobalamin concentration was set at 250 pmol/L. We found (Chapter 2) elevated 
plasma methylmalonic acid in 25% of the free-living older subjects with plasma cobalamin 
concentrations between 150 and 260 pmol/L. We could not relate these low normal plasma 
cobalamin concentrations with elevated plasma methylmalonic acid concentrations to anemia, 
macrocytosis, low holotranscobalamin concentration, severe atrophic gastritis or inadequate 
cobalamin intake. As mentioned before, we feel that the cobalamin deficiency with low normal 
plasma cobalamin and elevated methylmalonic acid and homocysteine concentrations are not a 
precursor of mild cobalamin deficiency but form a separate entity with an as yet unknown 
etiology and relevance. We suggest that causes of these deficiencies are the result of dysfunctions 
in the cobalamin metabolism at the cellular level. We propose to name these deficiencies atypical 
cobalamin deficiencies. 

Based on these findings we propose the following categories of cobalamin deficiency in 
older people: mild cobalamin deficiency and atypical cobalamin deficiency (Table 12.2). 

Table 12.2 Revised categories of cobalamin (Cbl) deficiency states in older persons 

Category Expressions Causes 

Mild Cbl deficiency. 
Plasma Cbl s 150 pmol/L 

- neutrophilic 
hypersegmentation 
- cognitive and cerebral 
dysfunction 
- elevated plasma 
methylmalonic acid or 
total homocysteine 
- low holotranscobalamin 

pernicious anemia 
ileal diseases 
severe atrophic gastritis 
food Cbl malabsorption 
unknown 

Atypical Cbl deficiency, 
plasma Cbl between 150 
and 250 pmol/L 

- elevated plasma 
methylmalonic acid and 
homocysteine 
- neutrophilic 
hypersegmentation 
- unknown 

- dysfunction in Cbl 
metabolism at cellular level? 
- unknown 

Practical considerations for screening and treatment of cobalamin deficiency in 
older people 

The only way to discover cobalamin deficiency is to screen persons aged 65 years and 
older. In agreement with Stabler we advocate yearly screening. No study has yet demonstrated the 
necessary frequency of screening. A flow-chart for screening for cobalamin deficiency is shown 
in Figure 12.2. 

The first choice of screening test is the plasma cobalamin concentration. In general, 
plasma folate concentration should also be obtained because the symptomatology of cobalamin 
and folate deficiency overlaps. Some commercial kits measure both plasma cobalamin and folate 
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concentrations If plasma cobalamin concentrations are low (<, 150 pmol/L), cobalamin deficiency 
is proven en the subject should receive lifelong cobalamin supplementation 

If the plasma cobalamin concentration is between 150 and 260 pmol/L, we recommend the 
measurement of plasma methylmalonic acid and homocysteine concentrations However, plasma 
methylmalonic acid can be measured in only two hospitals in the Netherlands and is still 
relatively expensive Commercial kits are now available for measuring plasma homocysteine 
About 50 Dutch centers are able to measure plasma homocysteine However, methylmalonic acid 
is more sensitive and specific for cobalamin deficiency and is therefore preferred Based on the 
study by Lindenbaum et al (2) approximately 50% of older cobalamin deficient subjects would be 
missed when only plasma homocysteine is measured Possible substitutes for plasma 
methylmalonic acid and homocysteine measurements are neutrophilic hypersegmentation, an 
electroencephalogram and neuropsychological testing (especially Verbal Word Learning test, 
Verbal Fluency and Similarities) These investigations could also be used to monitor the effect of 
cobalamin supplementation 

If plasma methylmalonic acid is increased cobalamin deficiency is probable, especially in 
the presence of symptoms These subjects should be treated Symptoms of atypical cobalamin 
deficiency could be any unexplained hematological, neurological or psychiatric abnormality 
Renal insufficiency needs to be excluded as a possible cause of elevated metabolite 
concentrations 

If plasma homocysteine is elevated in the presence of a normal methylmalonic acid 
concentration, folate deficiency should be excluded If, however, plasma folate is normal a trial 
with cobalamin treatment should be given to observe the effect on the plasma homocysteine 
concentration 

If plasma methylmalonic acid and homocysteine are normal cobalamin deficiency is ruled 
out 

Screening older persons and setting the lower limit of the reference range for plasma 
cobalamin at 250 pmol/L for older people has obvious clinical and economical implications More 
plasma cobalamin determinations will be requested, more additional investigations will be earned 
out and more older persons will receive cobalamin treatment Most of these older persons wont 
feel sick but they are turned into being patients However, until more data becomes available this 
is justifiable and appropriate 
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Plasma Cbl 

Cbkl50pmol/L Cbl<250 pmol/L Cbl>250 pmol/L 

Lifelong Cbl trealment MMA and tHcy Rules out Cbl deficiency 

Elevated MMA and/or 

elevated (Hey 

Normal MMA 

elevated tllcy 

Normal MMA 

normal (Hey 

folate 
Cbl Irealmenl 

low nonna] 

Folate trealment Cbl trealment 

Figure 12 2 Flowchart for screening persons aged 65 years and older for cobalamin deficiency 

Worldwide, most physicians use intramuscular cobalanun injections for treatment of 
cobalamin deficiency In patients with severe abnormalities, a daily dose of 1000 μg 
hydroxocobalamin for seven days, followed by weekly doses until clear-cut improvement of the 
abnormalities, followed by monthly doses for their lifetime are recommended No study has 
determined the dosage scheme for mild or atypical cobalamin deficiencies in older people 
Monthly injections have been recommended (16) 

In the United States many patients or their family members administer intramuscular 
cobalamin injections This is uncommon in the Netherlands Therefore, cobalamin injections, 
besides being painful and inconvenient, render the patient dependent for assistance of health 
professionals, which increases the cost of treatment considerably A hydroxocobalamin 
nasalspray, when commercially available, would be a more convenient and cost-effective 
alternative 

We also believe that it is time to pursue oral cobalamin therapy The dose for oral 
supplementation must be large, at least 1000 μg per day Oral cobalamin is effective in treating 
patients with pernicious anemia, therefore, it is very likely that it is effective in mild and atypical 
cases However, this has not yet been studied 

In light of the findings by Tucker and us, we recommend persons aged 65 years and over 
to consume most of the recommended daily allowance from cobalamin supplements Supplements 
containing =6 μg are probably adequate (1) 
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Future directions for research on cobalamin deficiency in older persons 

The most important questions are what is the clinical significance and etiology of atypical 
cobalamin deficiencies in older people. Another important question concerns the mechanism 
whereby homocysteine causes cognitive and cerebral dysfunction. The fourth question would be 
what causes food cobalamin malabsorption in patients without atrophic gastritis. 

References 

1 Tucker KL, Rich S, Rosenberg I, et al. Plasma vitamin Β12 concentrations relate to intake .source in the 
Frammgham Offspring Study Am J Clin Nutr 2000;7I 514-522 
2 Lindenbaum J, Rosenberg IH, Wilson PWF, Stabler SP, Allen RH. Prevalence of cobalamin deficiency in the 
Frammgham elderly population Am J Clin Nutr 1994,60.2-11. 
3 Pcnnypackcr LC, Allen RH, Kelly JP, et al. High prevalence of cobalamin deficiency in elderly outpatients. J Am 
GcnatrSoc 1992,40.1197-1204 
4. Cohen H, Weinstein WM, Carmel R. Heterogeneity of gastric histology and function in food cobalamin 
malabsorption, absence of atrophic gastritis and achlorhydna in some patients with severe malabsorption. Gut 
2000,47.638-45 
5. Krasinski SD, Russell RM, Samloff M, et al. Fundic atrophic gastritis in an elderly population J Am Geriatr Soc 
1986,34 800-806 
6. Kuipers EJ, Klmkcnbcrg-Knol bC, Vandenbroucke-Grauls CMJE, Appelmelk BJ, Schenk BE, Mceuwisscn SGM. 
Role of Helicobacter pylori in the pathogenesis of atrophic gastritis. Scan J Gastroenterol 1997,32 28-34 
7. Nex0 E. Variation with age ot reference values for P-cobalamins Scand J Haematol 1983;30.43O-432 
8. Marcus DL, Shadick N, Crantz J, Gray M, Hernandez F, Freedman ML. Low serum BI2 levels in a 
hematologically normal elderly population J Am Geriatr Soc 1987;35.635-638. 
9 Metz J, Bell AH, Flicker L, et al The significance of subnormal serum vitamin Β12 concentration in older people 
a case control study. J Am Geriatric Soc 1996,44 1355-1361. 
10 Vu Τ, Amin J, Ramos M, Flener V, Vanyo L, Tisman G New assay for the rapid determination of plasma 
holotranscobalamm II levels, preliminary evaluation in cancer patients Am J Hematol 1993,42 202-211. 
11 Logan RF, Elwis A, Forrest MJ, et al Mechanisms of vitamin Β12 deficiency in elderly inpatients Age Ageing 
1989;18 4-I0. 
12. Nilsson-Ehle H, Landahl S, Westin J, et al. Low serum cobalamin levels in a population of 70- and 75-year-old 
subjects. Gastrointestinal causes and hematological effects. Dig Dis Sci 1989,34 716-723 
13. Yao Y, Yao SL, Yao SS, et al Prevalence of vitamin Β12 deficiency among geriatric outpatients. J Fam Pract 
1992;35.524-528. 
14. Joosten E, Pelemans W, Devos P, et al Cobalamin absorption and scrum homocysteine and methylmalonic acid 
in elderly subjects with low serum cobalamin. Eur J Haematol 1993,51:25-30. 
15 Van Asselt DZB, De Groot LCPGM, Van Staveren WA, et al Role of cobalamin intake and atrophic gastritis in 
mild cobalamin deficiency in older Dutch subjects. Am J Clin Nutr 1998, 68'328-334 
16 Stabler SP. Screening the older population for cobalamin (vitamin Β12) deficiency. J Am Geriatr Soc 
1995;43:1290-1297. 

124 



Samenvatting 

125 



De volgende onderzoeksvragen lagen ten grondslag aan dit proefschrift 
1 Hoe vaak komt een vitamine Β12 (cobalanune) deficiëntie voor bij Nederlandse ouderen9 

2 Wat zijn mogelijke oorzaken van een vitamine Β12 deficiëntie bij ouderen9 

3 Wat is de klinische betekenis van een verlaagde vitamine Β12 bloedspiegel, met name 
voor het functioneren van het geheugen en de hersenen, bij ouderen7 

4 Is een vitamine Β12 neusspray werkzaam bij ouderen9 

Het blijkt dat een vitamine Β12 deficiëntie zeer vaak voorkomt onder Nederlandse 
ouderen Uit ons onderzoek naar het voorkomen van vitamine Β12 deficiëntie (hoofdstuk 2) 
onder Nederlandse ouderen blijkt dat zeker 1 op 4 ouderen een vitamine Β12 deficiëntie heeft 

Nederlandse ouderen bleken voldoende vitamine B12-houdende voedingswaren tot 
zich te nemen (hoofdstuk 2) Wij vonden geen aanwijzing tot onvoldoende inneming van 
vitamine Β12 met de voeding een oorzaak was voor een vitamine Β12 tekort bij ouderen in 
Nederland Wel zijn er aanwijzingen dat verhoging van de vitamine Β12 inneming met behulp 
van vitaminepillen beschermt tegen het knjgen van een vitamine Β12 tekort In Amerika 
krijgen ouderen het advies hun inneming van vitamine Β12 met behulp van 
vitaminepreparaten te verhogen Op basis van onze onderzoeksresultaten zouden wij dit 
advies ook aan Nederlandse ouderen willen geven 

Een andere mogelijke oorzaak van een vitamine Β12 deficiëntie is een gestoorde 
opname van vitamine Β12 in de darm Aangezien de mens vitamine Β12 niet zelf kan maken 
is hij geheel afhankelijk van zijn voeding Vitamine Β12 zit in voeding verbonden aan 
eiwitten Mensen kunnen vitamine Β12 pas opnemen in de darm als vitamine Β12 in de maag 
wordt vrijgemaakt van deze eiwitten Het vrijmaken van vitamine Β12 gebeurt in ieder geval 
onder invloed van maagzuur Volgens de literatuur heeft een groot deel van de ouderen een 
tekort aan maagzuur Dit tekort wordt veroorzaakt door een ontsteking van het maagslijmvlies 
(atrofische gastritis) waarbij cellen die maagzuur maken verdwijnen Men had daarom de 
verwachting dat veel ouderen door die maagslijmvhesontsteking onvoldoende vitamine Β12 
uit de voeding zouden kunnen opnemen 

Om de opname van vitamine Β12 uit voeding te onderzoeken hebben wij een test 
ontwikkeld Vitamine Β12 werd voor deze test gebonden aan eiwitten in eigeel Wij vonden 
dat de opname van vitamine Β12 uit eigeel niet verslechterde bij het ouder worden (hoofdstuk 
3) Tevens bleek dat ouderen met een milde vorm van maagslijmvhesontsteking net zogoed 
vitamine Β12 opnamen in de darm als ouderen zonder een maagslijmvhesontsteking 

Ongeveer 30% van oudere ziekenhuispatienten met een verlaagde vitamine Β12 
bloedspiegel kon geen vitamine Β12 uit eigeel opnemen Meer dan de helft van deze personen 
had geen ontsteking van het maagslijmvlies Hieruit blijkt dat er naast voldoende maagzuur 
andere, tot op heden onbekende, factoren van belang zijn 

Een ontsteking van het maagslijmvlies bleek ook bij Nederlandse ouderen veel voor te 
komen Ongeveer 30% van de ouderen buiten het ziekenhuis en ruim 50% van oudere 
ziekenhuispatienten met een verlaagde vitamine Β12 bloedspiegel heeft een vorm van 
maagslijmvhesontsteking Echter, wij vonden dat alleen de ernstige vorm van de 
maagslijmvhesontsteking leidt tot een vitamine Β12 tekort Deze ernstige vorm kwam bij 
ongeveer 13% van de ouderen buiten het ziekenhuis en bijna 40% van oudere 
ziekenhuispatienten met een verlaagde vitamine Β12 bloedspiegel voor 

Vitamine Β12 is in het bloed gebonden aan twee soorten eiwitten De ene soort wordt 
transcobalamine genoemd Dit eiwit is erg belangrijk omdat enkel vitamine Β12 gebonden aan 
dit eiwit door lichaamscellen kan worden opgenomen Personen zonder transcobalamine 
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hebben een zeer ernstige vorm van bloedarmoede De ander soort wordt haptocomne 
genoemd Het grootste gedeelte van het vitamine Β12 in bloed is gebonden aan dit eiwit De 
functie van haptocomne is eigenlijk onbekend Omdat er weinig bekend was over 
transcobalamine en haptocomne bij ouderen hebben wij hier onderzoek naar gedaan Uit dit 
onderzoek blijkt dat het hoeveelheid transcobalamine en haptocomne met het stijgen van de 
leeftijd niet afneemt Ook blijkt de hoeveelheid vitamine Β12 gebonden aan het belangrijke 
eiwit transcobalamine onveranderd Een verandering van de hoeveelheid transcobalamine of 
van de hoeveelheid vitamine Β12 gebonden aan transcobalamine is dus geen oorzaak voor het 
zo vaak voorkomen van vitamine Β12 deficiënties bij ouderen 

De hoeveelheid vitamine B12 aan transcobalamine was wel duidelijk verminderd bij 
ouderen met een verlaagde vitamine Β12 bloedspiegel Dit zijn de personen met een ernstige 
vorm van maagslijmvliesontsteking en onvoldoende opname van vitamine Β12 in de darm De 
hoeveelheid vitamine Β12 aan transcobalamine was niet verminderd bij ouderen met een laag 
normale vitamine B12 bloedspiegel Deze ouderen hadden waarschijnlijk wel een tekort aan 
vitamine Β12 omdat de spiegel van methylmalonzuur in hun bloed verhoogd was Vitamine 
Β12 is betrokken bij de omzetting van stoffen door enzymen in de cel Als mensen een tekort 
aan vitamine Β12 hebben kunnen ze methylmalonzuur niet meer afbreken en hoopt deze stof 
zich in het bloed op Als je mensen met een vitamine Β12 tekort vitamine Β12 injecties of 
pillen geeft normaliseert de methylmalonzuur spiegel in het bloed weer Wij vonden een laag 
normale vitamine Β12 bloedspiegel in combinatie met een verhoogde methylmalonzuur 
bloedspiegel bij ruim 20% van de ouderen Deze groep ouderen had niet vaker een ernstige 
maagslijmvhes ontsteking dan ouderen met een normale vitamine Β12 bloedspiegel Ook was 
er geen verschil in de inneming van vitamine Β12 met voeding Dus, de oorzaak van deze 
groep van vitamine Β12 tekorten is nog onduidelijk Mogelijk hebben deze ouderen een 
stoornis van het vitamine Β12 gebruik in de cel 

Dus, met een ernstige maagslijmvliesontsteking en onvoldoende opname van vitamine 
Β12 uit voeding konden wij ongeveer de helft van de vitamine Β12 tekorten bij ouderen 
verklaren De oorzaken van de ander helft is vooralsnog onduidelijk Wij stellen dat deze 
oorzaken waarschijnlijk op het niveau van de cel gezocht moeten worden Wij konden met 
aantonen dat onvoldoende inneming van vitamine Β12 met voeding leidt tot een vitamine Β12 
tekort Wel lijkt het gebruik van vitamine B12 pillen te beschermen tegen een vitamine B12 
tekort De vitamine Β12 bindende eiwitten lijken geen rol te spelen in de ontwikkeling van 
een vitamine Β12 tekort bij ouderen 

Het klassieke vitamine Β12 tekort gaat gepaard met een gestoorde aanmaak van, 
vooral, rode bloedcellen en met beschadiging van zenuwencellen en hersencellen De 
gestoorde aanmaak van bloedcellen leidt tot een bloedarmoede met abnormaal grote rode 
bloedcellen, en teveel kemen in de witte bloedcellen De beschadiging van zenuwcellen in de 
benen en armen leidt tot een verminderd gevoel en tintelingen in de ledematen Een 
beschadiging van zenuwcellen in het ruggenmerg leidt tot verlammingen van de ledematen 
En beschadiging van hersencellen kan een heel scala van problemen geven als verwardheid, 
geheugenverlies, depressie, hallucinaties en psychoses 

Uit de literatuur wisten we dat de minderheid van de ouderen met een lage vitamine 
Β12 bloedspiegel bovenstaande symptomen had Wij vonden dat maar 7% een bloedarmoede 
had, 18% grote rode bloedcellen en 75% teveel kernen in witte bloedcellen had Echter, ruim 
85% had verhoogde methylmalonzuur spiegels in het bloed Deze afwijkingen verwenen na 
behandeling met vitamine Β12 injecties Daarom concluderen wij dat ouderen met een lage 
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vitamine Β12 bloedspiegel een heus tekort aan vitamine Β12 hebben, dat wil zeggen, deze 
ouderen hebben symptomen van een vitamine Β12 tekort. Deze symptomen zijn echter wel 
mild in vergelijking met het klassieke vitamine Β12 tekort. De opname van vitamine Β12 in 
de darm was bij ruim 80% van deze patiënten onvoldoende Omdat deze personen symptomen 
hebben en omdat blijkt dat de opname van vitamine Β12 in de darm bij het grootste gedeelte 
onvoldoende is vinden wij dat ouderen met een lage vitamine Β12 bloedspiegel met vitamine 
B12 behandeld moeten worden. 
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Dankwoord 

Zoals u misschien is opgevallen is het is al even geleden dat ik het onderzoek uitvoerde De 
omslag van dit proefschrift is een soort fotoalbum geworden Dit dankwoord is 'trip down 
memory lane', langs mensen en gebeurtenissen die het onderzoek tot promotie hebben 
gemaakt 

Willibrord Hoefnagels gaf mij een kans als een van de NESTOR-onderzoekers Ik vergeet 
nooit de uitdrukking op zijn gezicht toen ik hem na enkele jaren onderzoek vertelde dat 
promoveren voor mij geen doel was Nu gaat het er toch van komen Hij zal er in de loop van 
de tijd wel eens aan getwijfeld hebben Maar dat heeft hij mij nooit laten merken Ik ben hem 
grote dank verschuldigd voor die kans, voor zijn geduld en vertrouwen in "dat alles goed zou 
komen" 

Toen de 1 3 miljoen nog niet binnen was waren er maar weinig mensen bereid met mij in zee 
tegaan Professor Corstens en Wim van de Broek gelukkig wel Gezegd moet worden dat prof 
Corstens en ik elkaar pas na zijn beslissing ontmoet hebben Anders had mijn 'tuinbroek', die 
hij niet echt kon waarderen, misschien voor een andere uitkomst gezorgd 
Wim en ik konden vanaf het begin goed samenwerken Hij is altijd heel enthousiast over ons 
'eitje' geweest Het werken op het lab met hem en de 'Bameveldse'gaf me het gevoel dat ik 
echt onderzoek aan het doen was Dat ik daar zeker honderd liter unne, die al een paar weken 
had staan antichambreren, door het toilet heb staan spoelen zal ik echter ook nooit vergeten 

Een andere vroege vogel was Henk Blom Henk heeft mij wegwijs gemaakt in de wereld die 
homocysteine heet Dat ik erfelijk belast ben kan hij ook met helpen Wel hielp hij mij over 
vele dode punten heen Hij was altijd bereid te luisteren en gaf vaak een positieve draai aan al 
mijn getob Hij nam me mee naar Amerika, het land waar iedereen vitaminepillen slikt Als 
iemand de titel copromotor verdiend is hij het 
Hier wil ik zeker ook Addie de Graaf en Mana te Poele bedanken voor alle homocysteine 
bepalingen die ze altijd snel en correct hebben uitgevoerd Zij weten gelukkig waar mijn 
monsters zijn opgeslagen Toch9 

Via Henk kwam ik bij Ron Wevers Hij heeft samen met Jan de Jong ervoor gezorgd dat de 
methylmalonzuurbepahng van de grond kwam Cornells Jakobs van de VU in Amsterdam 
was zo aardig om ons op weg te helpen En Richard Zuiderent heeft alle bepalingen, die ik 
altijd liever gisteren al gehad had willen hebben, voortreffelijk uitgevoerd 

Het was niet makkelijk oudere patiënten en proefpersonen te krijgen voor deelname aan de 
verschillende studies Het onderzoek heeft door problemen op dit gebied zeker een jaar langer 
geduurd Memorabel was de man die reageerde op een oproep voor oudere proefpersonen en 
mij vroeg of 85 jaar niet te oud was Hij kon mijn vreugde haast niet geloven De ouderen die 
hebben meegedaan waren fantastisch Mijn dank aan hen, voor hun tijd, onbaatzuchtige inzet, 
trouw, bloed, unne en kerstkaarten, is oneindig groot 

De ontelbare vitamine Β12 en foliumzuur bepalingen zijn uitgevoerd op het LEV Ill-lab Dit 
was een laboratorium waar naast routine veel aan onderzoek werd gedaan Zo hebben ze voor 
mij de transcobalamine en haptocomne bepaling opgezet Helaas is dit laboratorium 
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ontmanteld Voor velen die zich bezig houden met onderzoek op het terrein van vitamine Β12 
en foliumzuur is dit een groot verlies Chris Thomas, Tijn Segers, Louk Geelen en Jackie 
Droste ben ik erg erkentelijk voor hun grote inzet en betrokkenheid 

Door de reeds langer bestaande goede relatie tussen de afdeling Geriatrie en de afdeling 
Humane Voeding van de Landbouwuniversiteit Wageningen, in de persoon van prof W A 
van Staveren, kon ik de vitamine Β12 status van ruim honderd oudere Culemborgers 
bestuderen Ik zie nog voor me hoe ik 's ochtends vroeg in een autootje naarCulemborg ben 
getufd om daar de MMSE en GDS af te nemen Honderden buisjes bloed waren mijn beloning 
die in een koelkoffer per trein weer met mij terug naar Nijmegen gingen Onze resultaten 
hebben niet alleen de Amerikaanse maar ook de vaderlandse pers gehaald Prof van Staveren 
wil ik danken voor haar altijd vriendelijke hulp Met Lisette de Groot deel ik de passie voor 
vitamine B12 Samen met Saskia Chjsen, Nicole van Deursen en Ypie Blauw hebben wij de 
Nederlandse Voedingsmiddelentabel met gegevens omtrent vitamine Β12 aangevuld 

Met de zuur verdiende data ging ik naar Henk van Lier Voor versgezette koffie, de nieuwste 
moppen, het laatste pony en bridge nieuws, en een uurtje statistieken achter de PC Hem wil 
ik bedanken voor de gave deze leek zonder betaknobbel wat statistiek bij te brengen 

Voor de laatste studie zocht ik contact met de afdeling Klinische Neurofysiologie Daar waren 
Jaco Pasman en Dick Vingerhoets meteen geïnteresseerd en bereid tot verregaande 
samenwerking Zeker een jaar lang zijn we met het project bezig geweest met een resultaat 
om trots op te zijn Zonder de vriendelijke en geduldige begeleiding van de proefpersonen 
door Rita Wettendorp, Henny Janssen, Miriam Heykens, Jose Bor en Joann van Duuren was 
het me met gelukt Jan Moleman wil ik bedanken voor zijn bijna oneindige 
doorzettingsvermogen om de computer dat te laten doen wat wij wilden 

Behalve neurofysiologische onderzoeken werden er in het laatste onderzoek ook 
neuropsychologische testen afgenomen Yolande Kuin heeft de testbatterij samengesteld Hier 
betraden we onbekend terrein maar door haar kennis zijn we zeer goed uitgekomen Lisette 
Grimberg en Hanneke Nijsten hebben alle testen vakkundig en geduldig afgenomen 

Ook Petra Poels was altijd bereid mee te denken over deze studie 

Als je zo een paar jaar bezig bent geweest krijg je een beetje naamsbekendheid Dan komen 
mensen naar jou toe Zo ook professor Frans Merkus Hij liet ons de vitamine Β12 neusspray 
bij ouderen onderzoeken Het blijkt een uitstekend product waar vele ouderen (maar ook 
kinderen) baat bij zouden hebben Helaas wil de farmaceutische industrie het niet op de markt 
brengen Maar hij geeft het niet op' 
Gelukkig was Frans Rüssel bereid mij te helpen bij de analyse van de farmacokinetische 
gegevens 

In Leiden »varen twee jonge artsen en hon begeleider die ook onderzoek wilden doen naar 
vitamine Β12 bij ouderen Laura van Goor, Mallory Woiski en Paul Peter Tak zochten ons op 
en er ontstond een vruchtbare samenwerking Ik ben erg benieuwd naar hun resultaten 
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Sam Glade wil alleen voor geld de wetenschap verder brengen Professor Cornells Lamers en 
Izak Biemond uit Leiden hebben de pepsinogen I, II en Helicobacter pylon bepaling kosteloos 
uitgevoerd En Wim Hopman uit Nijmegen heeft de serum gastnne concentratie gratis 
gemeten 

Als enige vrouwelijke promovendus zat ik tussen Dave van Kraay, Marcel Olde Rikkert en 
Hein van Hout Ik kan niet tennissen en rook geen sigaren maar verder was ik 'one of the 
guys' Ik ben als eerste met mijn onderzoek begonnen maar zal als laatste promoveren Zo zijn 
vrouwen, pas tevreden als het goed is 

Dit proefschrift is opgedragen aan mijn moeder, Jeanne Tesink Zij overleed op 3 augustus 
2000 aan ovanumkanker Van haar heb ik mijn doorzettingsvermogen Zij had mij graag zien 
promoveren en heeft alles gedaan wat ze kon om langer bij ons te kunnen blijven Maar het 
gevecht was vanaf het begin oneerlijk Mijn vader wil ik bedanken voor zijn nooit aflatende 
belangstelling naar de voortgang van dit proefschnft 

Zonder mijn man Marcel had ik hier waarschijnlijk al vele jaren eerder gestaan1 Maar ik moet 
er niet aan denken hoe mijn leven er als alleenstaande, kinderloze, magere, kettingrokende, 
gestresste workaholic had uitgezien Marcel zorgt voor de goede dingen in het leven, voor rust 
en vertier En hij is een fantastische vader voor onze drie kinderen Now is forever1 

Lieve, Max en Sam zijn mijn drie prachtige kinderen Ook al waren zij alle drie grote baby's, 
dit proefschrift was pas een echte olifantsdracht' 

Geachte lezer, nu u weet hoeveel mensen aan dit proefschrift hebben bijgedragen zult u zich 
zeker afvragen wat ik al die jaren heb gedaan Tja, 
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Curriculum vitae 

De schrijfster van dit proefschrift werd op 31 oktober 1964 geboren te Apeldoorn Na 
het behalen van het eindexamen VWO-ongedeeld aan de Gemeentelijke Scholengemeenschap 
Doetinchem, studeerde zij van 1983 tot 1991 Geneeskunde aan de Katholieke Universiteit 
Nijmegen In het kader van haar wetenschappelijke stage vemchte zij een literatuuronderzoek 
en retrospectief statusonderzoek naar oorzaken en klinische relevantie van verlaagde 
vitamine B12 concentraties bij geriatrische patiënten onder leiding van prof dr W H L 
Hoefnagels op de afdeling Klinische Geriatrie van het Universitair Medisch Centrum (UMC) 
te Nijmegen Dit onderzoek vormde samen met twee andere voorstellen de basis voor een 
subsidieaanvraag bij NESTOR (Nederlands Stimuleringsfonds Ouderen Onderzoek) door 
prof dr W H L Hoefnagels Na het artsexamen werkte zij ruim een jaar als AGNIO op de 
afdeling Klinische Geriatrie van het UMC Na toekenning van de NESTOR-subsidie begon zij 
in 1992 aan het onderzoek naar klinische aspecten van vitamine Β12 deficiënties bij ouderen 
In 1997 startte zij met de opleiding tot klinisch genater en wel met de stage Interne 
Geneeskunde bij opleider prof dr J van der Meer in het UMC Daama volgde de stage 
ouderenpsychiatne bij opleider Mw drs J Hutter van de Gelderse Roos Wolfheze 
Momenteel is zij bezig met de laatste stage klinische genatne op de afdeling Klinische 
Genatne van het UMC bij opleider prof dr W Η L Hoefnagels Na afronding van de 
opleiding zal zij als klinisch geriater verbonden zijn aan het Centrum Genatne van het 
Medisch Centrum Leeuwarden Ze is getrouwd met Marcel Gelissen en moeder van Lieve (4 
jaar), Max (2 jaar) en Sam (Ojaar) 
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