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ABSTRACT

~ THE RELATIONSHIP BETWEEN COBALAMIN DEFICIENCY
AND NEUROLOGICAL DYSFUNCTION

IN OLDER ADULTS

by

Marion Bachra

The prevalence of cobalamin (Cbl) deficiency among older adults is
higher than among younger adults, and is estimated to be between 14% and
23%. Persistent Cbl deficiency can cause a variety of neurological deficits.
Neurological dysfunction occurs commonly among older adults, raising the
research question whether or not there is a relationship between the high
prevalence of Cbl d‘e.ficien'cy and neurological dysfunction émong older adults.

This case-control sfudy enrolled 120 subjects with and without
neurological dysfunction through the Faculty Medical Offices' Internal Medicine
and Neurology Outpatient Clinics. All subjects received a neurological and
cognitive exam. Blood samples were drawn to assess serum Cbl, methylmalonic
acid (MMA), and serum total homocysteine (tHcys) levels. To test the
hypothesis whether Cbl deficient squécts consume’d less crystalline (free) Cbl,
Cbl found in fortified foods and supplemehts,‘ a food frequency questionnaire

was designed.



The prevalence of Cbl deficiency was 16.6% among the "true" controls,
and 25% among the cases (Odds Ratio = 1.7, 95% confidence interval = 0.54 -
5.1). "True" controls had perfect neurological scores, while other control subjects
had reduced vibration sense. Cbl deficiency in older adults was related to low
free Cbl intake, not dietary Cbl intake. Subjects who obtained a daily average of
0 and 1.0 mcg of free Cbl were most likely to be Cbl deficient (41.5%), while
those who obtained 2.0 mcg of free Cbl were least likely to be Cbl deficient
(13%) (P=.008).

This study was unable to show that older adults with neurological
dysfunction are at greater odds of a Cbl deficiency than a control group. Another
study is needed to determine whether or not older adults with neurological
dysfunction are at greater odds of a Cbl deficiency than a control group without
reduced vibration sense. Furthermore, the relationship between reduced
vibration sense in older and Cbl deficiency needs to be further investigated.
Prophylactic use of Cbl containing supplements among older adults seems
prudent.‘ The current RDA of 2 mcg for Cbl needs to be reevaluated in terms of

crystalline Cbl and protein-bound Cbl requirements in older adults.



CHAPTER ONE

l. REVIEW OF THE LITERATURE

A. Rationale for the Study

Cobalamin (Cbl) also called vitamin B,, has a dual function. First, Cbl is
indirectly involved in cell division ie. hematopoiesis, because of its
interrelationship with folate. Impaired red blood cell synthesis can lead to large
malformed réd blood cells or macrocytic anemia. The activity of methionine
synthetase which converts methyl-folate to free folate, and homocysteine to
methionine directly depends on the availability of Cbl. A Cbl deficiency, traps
folate in the methyl form and consequently impairs purine and thymidine
synthesis, and consequently DNA synthesis. Second, Cbl is involved in the
maintenance of myelin surrounding parts of the central and the peripheral
nervous system through an as of yet unidentified biochemical mechanism.
Persistent Cbl deficiency can therefore cause a variety of neurological deficits.
The malfunction of the two known Cbl dependent enzymes methionine
synthetase and methylmalonyl CoA mutase, might be partly responsible for
demyelination of the nerves (Kapedia, 1995). The Cbl dependent methylmalonyl
CoA mutase converts L-methylmalonyl CoA to Succinyl CoA.

Numerous studies report that older people have a higher prevalence of
low serum cobalamin (Cbl) levels than the rest of the population (Yao Y, et al.

1992; Lindenbaum, et al. 1994; Pennypacker, et al. 1992). The clinical



significance of these IoWer serum values has not been completely sorted out
since lower serum Cbl values are often unaccompanied with elevated mean cell
volumes (MCV) or neurological deficits (Pennypacker, et al. 1992). Neurological
dysfunction occurs commonly among older adults, raising the research question
whether or not there is a relationship between the high prevalence of Cbl
deficiency and neurological dysfunction among older adults. Studies which
compared serum Cbl levels of patients with late onset dementia of the
Alzheimer's type or other types of dementia to patients without such dementias
have given conflicting results (Carmel, et al. 1995; Kristensen, et al. 1993,
Basun, et al. 1994; Crystal, et al.1994). Cbl induced neuropsychiatric deficits
can be complicated by the fact that older people often have multiple medical
problems some of which might interact with tissue Cbl deficiency (Stabler, 1995).
A study is needed to elucidate whether low "normal" serum Cbl values are

part of a normal aging process or if they are mo‘re often accompanied, not only
by elevated methylmalonic acid (MMA) and/or total homocysteine (tHcys), but
occur more frequently among patients with detectable neurological deficiencies
or symptoms. A reliable way to dietinguish between low serum Cblyserum values
which are accompanied with true tissue deficiency and low values which are not,
is to measure serum MMA and ‘serum tHcys levels. The latter two metabolites |
can become elevated with Cbl deficiency (Savage, et al. 1994, Lindenbaum, et

el. 1990; Allen, et al. 1990).



Chapter One will cover the following topics. First, the absorption and
transport of Cbl is discussed to prepare the ground for the different issues
surrounding Cbl malabsbrption. Second, the distinction between atypical and
typical Cbl deficiency states is made to explain why the reported prevalence of
Cbl deficiency varies so widely between older and newer studies. Third, the
currently known relationships between Cbl deficiency and neurological signs,
symptoms, and dementia are discussed. Fourth, Cbl deficiency induced
neuropathological changes with its neurological signs and symptoms are
reviewed. Fifth, the rationale for the assessment of dietary protein-bound Cbl
and free Cbl among older adults is supported. Finally, the advantages of using
both serum MMA and serum tHcys levels to detect Cbl deficiency are explained.
The serum levels of these two metabolites may rise during Cbl deficiency.

B. Absorption, and Transport of Cobalamin

Methyl Cbl, 5'-deoxyadenosyl Cbl and hydroxyCbl are the major
biologically active Cbl forms found in animal and fortified foods. In the stomach,
the protein-bound Cbl, only found in animal foods, must be liberated by the
action of hydrochloric acid. The freed Cbl than binds to the salivary R-binder
polypeptides (transcobalamin |, Transcobalamin I, cobalophyllin, hepatocorrin)
(Shevell, 1992). The R-protein Cbl complexes are transported to the duodenum,
where the R-binder 'protein is split off by the action of pancreatic bicarbonate

and trypsin. The gastric parietal cells produce intrinsic factor (IF) which also



travéls to the duodenum. IF binds to fhe freed Cbl, and the IF-Cbl complex
travels to the receptors on the ileum, where it is absorbed through calcium
dependent receptor mediated endocytosisv into the brush border as‘shown in
Figuré 1 (Festen, 1991; Hunt, 1990).

In thé enterocyte, Cbl is rel’easéd from the IF, and binds to the transporter
protein traHscobalamin IL(TCII). TCII deliyers newly absorbed Cbl inthe form of
hydroxy or cyanoobalamin to the major tissues, including bone marrow and
nerve tissue, by receptor mediated endocytosis. Lysosomal digestion releases |
~ Cbl into the cytoplasm as‘ shown in Figure 2. Cbl in the oxidized form is either
cohverted to reduced methyl cobalamin and used as a coenzyme fof methionine
synthetase, or it can enter the mitochondria and be converted to reduced
5'-deoxyadenosyl cobalamin, which is in turn used as a coenzyme for
methylmalonyl CbA- mutase as shown in Figure 3 (Kapadia, 1955).

- C. Pathophysiology of Cobalamin Malabsorption

Protein-bound-Cbl malabsorption due to atrophic gastritis is one possible
etiology for Cbl malabsorption. The prevalence of atrophic gastritis increases
with age. An estimated 40% of people aged 80 or older have atrophic gastritis
(Stabler, 1995). Hypochlorhydria or aéhlorhydria are the first symptoms of
gastritis which might in turn explain the higher rate of Cbl malabsorption and

lower Cbl levels among older adults. Prolonged gaStritis might eventually halt the
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production of IF leading to malabsorption of bound as well as free Cbl (Festen,
1991). However, van Asselt, et al.(1996) reported conflicting results. Middle |
aged people defined as less than 65 years old compared to older people over 65
absorbed free and protein-bound Cbl equally well. Furthermore, protein-bound
Cbl malabsorption was not increased in patients with mild to moderate atrophic
gastritis assessed indirectly by pepsinogen A and C. |

Another Cbl malabsorption problem among the elderly might be due to
pancreatic insufficiency. Pancreatic enzyme production also has been shown to
decrease with age (Russell, 1992). However, Schilling (1995) reported that
pancreatic insufficiency rarely results in Cbl deficiency. On the other hand,
disease}s of the terminal ileum, such as Crohn's disease are quite often linked to
Cbl deficiency. After Cbl binds to IF, a special ileal receptor is required for
absorption.. If the receptor is damaged, malabsorption will occur (Stabler, 1995).

In sum; malabsorption might occur because of the following. First, it might
occur dQe to the inability to remove the Cbl from the food proteins, because of a
too low hydrochloric acid production. Second, pancreatic insufficiency might lead
to low bicarbonate and trypsin production, making it impossible to digest the

R-protein of the R-protein Cbl complex. Third, Cbl malabsorption can by due to
the halt of gastric parietal cells' IF production or IF destruction by antibodies
resulting in pernicious anemia. Fourth, Cbl malabsorption might be due to the

destruction of the ileum receptor absorption site after ileal disease or surgery.
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The current study allowed the researcher to distinguish between patients
with and without protein-bound Cbl malabsorption, and between patients who
malabsorb both free and protein-bound Cbl. A food frequency questionnaire
was used which specifically focused on protein-bound Cbl and free Cbl intake.
D. Atypical and Typical Cobalamin Deficiency States

The term "atypical" has arisen from the fact that many subjects with Cbl
deficiency do not display the typical macrocytic or megaloblastic red blood cells.
Some subjects only develop neurologic symptoms and never develop
macrocytosis. Many researchers have reported that elderly subjects with
neurological problems and low serum Cbl often show no abnormal hematological
lab valués (Healton, 1991; Pehnypacker, 1992; Carmel, 1990). Previously, it was
assumed that megaloblastic anemia developed prior to the neurological
symptoms, but that notion has been contradicted as early as 1956 when Victor
M. et al. reported several cases with subacute combined degeneration of the
spinal cord who exclusively displayed neurological symptoms and signs.
Atypical Cbl deficiency can be caused by protein-bound Cbl malabsorption,
dietary insufficiency, nitrous oxide anesthesia, and inborn errors of metabolism
(Carmel, 1990).

On the other hand, typical Cbl deficiency is caused by a lack of intrinsic
factor, and usually displays the classical megaloblastic symptoms with or without

neurological symptoms. However, not all subjects with pernicious anemia display
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megaloblastic anemia. Therefore, the term "anemia" can be misleading when
anemia is absent among subjects with pernicious anemia (Carmel, 1990).

The current study specifically focused on Cbl deficiency which is atypical
in its expression, namely, neurological and non-hematological, and tried to sort
out how often malabsorption ef protein-bound Cbl versus free Cbl occurs.

E. Laboratory Meaeures to Assese Cobalamin Deficiency

No true gold standard for testing tissue Cbl deficiency exists. Instead, to
get an accurate picture, several laboratory measures should be taken
simultaneously. The most common laboratory measures are: serum Cbl, serum
methylmalonic acid (MMA), and serum total homocysteine (tHcys).

1. Serum Cobalamin as a Measure of Cobalamin Deficiency

The serum Cbl redioactive dilution assay is a laboratory test performed
frequently to assess Cbl deficiency. However, serum Cbl is neither a very
specific nor a very sensitive measure. In general, tissue Cbl stores have only
been moderately correlated with serum Cbl levels, especially in the elderly.

Using a prospective study design, Matchar, et al. (1994) investigated
whether serum Cbl measurements are useful for the diagnosis of Cbl deficiency.
To identify true Cbl deficiency, subjects who had a serum Cbl of less than
180pg/ml and a control group with equal or greater 180 pg/ml of serum Cbl
uhdekwent clinical examination. Subjects were considered deficient when they

excreted less than 7% of radioactive Cbl on the Schillings test, and had a
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hemoglobin of less than 13mg/dl which was responsive to Cbl treatment. They
were also considered deficient if they either had a MCV of greater than 99 1L, a
mean neutrophil lobe ;:ount greater than 3.6 per cell, or had macrocytic blood
cells. Subjects were also considered deficient when they had normal Schilling
tests with either a MCV of greater than 99 f/, a mean neutrophil lobe count
greater than 3.6 per cell, or macrocytic blood cells. These diagnostic criteria
were than compared against serum MMA |, an objecti\)e indicator of tissue Cbl
deficiency. The results were as follows. Only 16 out 72 subjects with low serum
Cbl on the clinical follow up were truly deficient. The positive predictive value of
serum Cbl for diagnosing true Cbl deficiency was only 22%. Eighty-eight
percent of the positives were false positives.

2. Serum Methylmalonic Acid as a Measure of Cobalamin Deficiency

Cbl is the coenzyme needed for the conversion of L-methylmalonyl CoA to
succinyl-CoA. This Cbl dependent mefabolic pathway is needed for the
breakdown of branched chain arﬁino“acids, threonine, methionine, side chains of
cholesterol, thymine, and odd chain fatty acids as shown in Figure 4. However,
with Cbl deficiency, D-methylmalonyl CoA undergoes hydrolysis to MMA, which
then builds up in the tissues. There is one exception to this build up. A patient
with chronic renal failure will also expérience a high serum MMA because of

impaired kidney function (Stabler, 1995).
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Figure 4. The Central Role of 5'-AdoCbl in Regulatio’n of Metabolsim of Odd
Chain Fatty Acids and Branched Chain Amino Acids, as well as in
Gluconeogenesis and Heme Synthesis. (from Kapaedia CR, 1995)
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vThe most specific measure to assess Cbl deficiency appears to be serum MMA.
According to.'Savage, et al.(1994), subjects who have low serum Cbl levels
(<200 pg/ml), but no serum MMA elevation, defined as a level greater than

376 nmol/L or 3 SD above the mean, can be ruled out from being in a deficient
state with a 98.4% certainty.

The following two studies have used elevated serum MMA as a diagniostic
tool to test for Cbl deficiency. Pennypacker, et al. (1992) prospectively screened
elderly without impaired kidney function for Cbl deficiency. Of the elderly, ages
65 to 99, 38 out of 152 (25%) had a serum Cbl of less than 300 pg/ml, while of
the controls (17 to 65 years), 10 out of 100 (10%) had serum Cbl levels of less
than 300 pg/ml. As shown in Figure 5, serum Cbl levels betweeh the range of
0 and 199 pg/ml were only found among the elderly subjects.

Of the 25 elderly with serum Cbl levels between 201 to 300 pg/rhl,

12 (48%) had elevated serum MMA (>3 SD), while 7 out 13 (53.8%) with serum
Cbl of 200 pg/ml or less had elevated serum MMA. Pennypacker, et al. (1992)
concluded that the conventional "normal" serum level of 200 pg/ml is too low a
reference, since the number of subjects with elevated serum MMA levels were
similar among those with serum Cbl levels between 201 and 300 pg/ml and
among those with 200 pg/ml or less. Figure 6 shows that only one of the

100 controls with a serum Cbl of <300 pg/ml had an elevated serum MMA,

while 19 out of the 38 cases with serum Cbl of <300 pg/ml had elevated serum
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MMA. Lindenbaum , et al. (1994) sought to find out whether the increased
prevalence of low serum Chl among 548 elderly subjects from the Framingham
Heart study ‘actually reflects tissue deficiency. Figure 7 shows the distribution of
serum Cbl concentrations in 548 elderly subjects and 1 17‘ younger control
subjects Serum Cbl of less than 191 pg/ml was found in 40.5% of the elderly
compared with 17 9% in the controls. Serum MMA were eIevated in 15% of
subjects with serum Cbl Iess than 350 pg/ml, wh|Ie 10% of the_subjects with
serum Cblb greater than 350 pg/ml had elet/ated serum MMA. Of the 222 elderly
who had a serum Cbl less than 191 pg/ml 62 (27 9%) had eIevated serum MMA
concentrations (Lmdenbaum et al. 1994)

Often the elevation of serum MMA precedee’the drop of serum Cbl in
patients with established Cbl deficiencyﬁ In a pre\tious study by Lindenbaum, et
al.(1990) when Cbl deficient patients due to a gastre'ctomy'-or»'pernicious anemta
received a less than opti'mal Cbl maintenance theraoy for petio}dvsof 15to
66 months, 95% experienced elevated metabolites, but ‘only 69% of them had a
serum Cbl level of less than ‘200opg/ml. |

‘Elevated serum MMA levels can vary widely' from person tope}rson. This
can partly be explained by the fact that differentv amou’nts of ,oropionic acid are
produced by colonic bacteria, and by the use of antibiotics. Lindenbaum, et al.
(t 990) found that treatment with lincomycin, anantibi‘otic which changes the

microbial flora of the gut, resulted in a drastic drop in serum MMA in Cbl
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Subjects from the Framingham Heart study and 117 Younger Control Subjects.

(from Lindenbaum J, et al. 1994)
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deficient subject prior to Cbl injection therapy. lnlc‘:‘dnclusion, when those |
patients who recently have taken antibiotics, and impaired renal function are
ex'cluded,b serum MMA is a very sansiti‘ve tes't,' as indicated by the fact that serum
MMA will be elevated 98.4% of thertime‘ in patiahts with clinically proven Cbl
deficiency (Savage, et al. 1994). |
3; ‘Serum', 'fotal Homocyateine as a Measure of Cobalamin Deficiency

Sarum tHcys by itself is a less speciﬁc measure than MMA, sihce it might
either indicate a Cbl, ‘ora folate deficiency. Tha enzyme methionine synthetase
cohveﬁs homocysteine fo'm,ethionine and uses methyl Cbl as a coenzyme. In
- this procéss,,the rﬁethyl gr’oupv is transferred from S'methyl tetrahydrofolate to
methionine. W‘ith, a folate deficiency, this methyl grbup is unavailable, and |
homacysteihe bail_ds up. Oh fhe other hand, withv a Cbl deficiency, the
mathionine“synthetase canndt convert homocysteine to methionine, and
rhomocyste}ine, also builds up. The metabolic interaction between Cbl and folate
are shown in Figure 8.

Both Cbl deficiency and folate deficiency can result in macrocytosis and
megaloblastic anemia. The red blood célls are arrested at an immature state of
dev,elopment as reflected by an elevated MCV. Large doaes of folate
supplementation can mask megaloblastic anemia caused by Cbl deficiency.
However, when Cbl defiCiency is wrongfully treated with folate, both serum MMA

and serum tHcys, if elevated, remain elevated. The MCV often drops but
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neurological deficits remain if present. Not until Cbl therapy is initiated do both
metabolites drop (Lindenbaum, et al. 1990). |

On the other hand, when folate deficiency is wrongfully treated with Cbl,
serum tHcys remains elevated, and only returns to normal after folate therapy is
initiated (Lindenbaum, et al. 1990). As stated eariier, hematological. values used
to confirm serum tHcys accuracy in diagnosing Cbl deficiency are not reliablé \
since the majority of elderly with low Cbl levels do not have megaloblastic
anemia. Especially, patients with neuropsyghiatric disorders often do not display
any hematological abnormalities (Carmel, 1995; Lindenbaum, et al. 1988).

Serum tHcys level is a sensitive measure for Cbl deficiency. According to
Savage, et al. (1994), subjects who have low serum Cbl levels (<200 pg/ml), but
no elevated serum tHcys elevation, can be ruled out from being in a deficient \
state with a 95.9% certainty. Their study tested the sensitivity of serum tHcys to
be able to detect Cbl deficiency in 409 Cbl deficient patients. Of the
434 episodes, 416 episodes (95.9%) were accompanied with elevated serum
tHcys, defined as a level greater than 21.3 umol/L or 3 SD above the mean.

The following two studies have used elevated serum tHcys as a
diagnostic tool to test for Cbl deficiency. Pennypacker, et al. (1992) found of the
152 elderly subjects, 25 with serum Cbl between 201 and 300 pg/ml, and
14 (56%) had elevated serum tHcys. Eight (62%) of the 13 subjects with serum

Cbl of less 200 pg/ml had elevated serum tHcys. Figure 9 shows the serum
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" tHcys levels of the eldefly and the controls with a serum Cbl of equal or less
* than 300 pg/ml. Of the controls, one out of 10 Had elevated tHcys, while 13 out
38 cases had elevated tHcys.

Lindenbaum J, et al.(1994) tested 548 elderly Framingham subjects for
true Cbl deficiency. Serum tHcys was elevated in 39 (7.1%) of the subjects.
Serum Cbl was less than 350 pg/ml in 31 (79.5%) of the 39 subjects with tHcys
elevations and was associated with an increased MMA concentrations in
21 subjects. In conclusion, serum tHcys is a very sensitive indicator of tissue
deficient Cbl as indicated by its ability to rule out Cbl deficiency with 895.9%
certainty (Savage DG, et al. 1994). |
4. The Advantage of Using Both Serum MMA ahd Serum Hcys

Savage, et al.(1994) found that 98.4% of Cbl déficient patients had

"
elevated serum MMA, and 95.0% had elevated serum tHcys. However, when
looking at serum MMA and serum tHcys simultaneously, the sensitivity for
detecting true Cbl deficiency increased to 99.8%.

About 1.4% to 10% of Cbl deficient patients only experience elevated
serum tHcys levels (Stabler, 1995; Allen, et al. 1990). As stated earlier, this is
partly dUe to variable gut flora between patients and recent antibiotic use. Most
of subjects with folate deficiency will only experience elevated serum tHcys
levels. However, Savage, et al. (1994) found that one out 6f 119 Cbl deficient

patients experienced both elevated serum MMA and serum tHcys levels.



25
F. Prevalence of Cobalamih Deficiency Among Older Adults.

Between fhe 'year's“ of 1976 and 1994, the prevalence of Cbl deficiency
among older adults has been estimat_ed to be anywhere from 3% to 32.6%. See
Table 1. The reason for this greét variance can be éttributed' to many different
variables. The most obvious ones are the different biochemical methods and
criteria used to determine Cbl deficiency. Samples have also been taken from
different subsets of the older adult population. But, most importantly, older
studies have used lower serum Cbl cut;off Ievel_s, and sometimes as the only
~ indicator for Cbl deficiency. The more recent studies haﬂle'used elevated MMA
and tHcys levels, two metabolites which aré‘more sensitive indicators of
biochemical Cbl deficiency. The paragraphs that follow will give an overview of
the different s.thie'é listed in Table 1. which have sought to find the prevalence
of Cbl deficiency among older adults. |

' Elsbdrg , etal. (1976) was unable to differentiate between folate
defici.ency or Cbl deficieqéy ih 78 bf thé 89 geriétric inpa'tie‘nts‘with 'serum Cbl
levels of <200 pg/ml, _bec_:auée of the types of tests done. The‘preva‘lence of Cbl
and or folaté deficienby Wés >k'e'stimatved tovbe 32.“6%', The following tests were
performed, formiminoglutarﬁic, acidf(FIG-LU) excrétioh, MCV Schilling test |, fecal
fat excretioh, D-Xylos e tést; These tests have many limitations in that they do
not specifiCalIy fest fof Cbl deficiency. An impaired urinary FIGLU excretion can

be either the result of a Cbl or folate deficiehcy. Macrééytoéis can either be due
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AUTHORS

NUMBER AND | STUDY PARAMETERS | ESTIMATED
TYPE OF DESIGN USED TO PREVALENCE
SUBJECTS DETERMINE
COBALAMIN
DEFICIENCY
|| Elsborg L. et | 349 geriatric prospective Cbl of 32.6% folate
al. 1976 inpatients | pretest posttest | < 200pg/ml or Chl def.
study microbial essay | 47 subjects
FIGLU excretion | normal FIGLU
' 37 subjects
Schilling test, abn. FIGLU
} part | 5 pern. anem.
Garry PJ.et | 270 healthy prospective Cbl of 3% Cbl def.
al. 1984 elderly - study of nutrition | <220pg/ml
, subjects in the elderly radioessay
Hanger HC. 204 randomly cross-sectional | Cbl of 7.3% Cbl def.
etal. 1991 | selected free design 154 pg/ml
living elderly
Yao. | 100 consecutive | cross-sectional | if Cbl < 19.7%, based on
etal. 1992 | geriatric design 299 pg/ml 2 SD above the
outpatients than tested mean for serum
- | serum|F, . MMA and tHcys
parietal cell
antibodies,
“serum gastrin,
*| part1 Schilling,
MMA/tHcys
Pennypacker | 152 consecutive | cross-sectional | Cbl <300 pg/ml 14.5% Cbl def.
| LC. etal. geriatric design and > 3SD of
1992 outpatients MMA and/or
tHcys
Lindenbaum | 548 surviving prospective Cbl of <350 >12% Cbl def.
J.etal 1994 | members of the | observational pg/ml and
Framingham design > 3SD of MMA
| study and/or tHcys
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to a Cbl or folate deficiency. The Schilling test | only tests for impaired
crystalline Cbl absorption, not for food-bound Cbl malabsorption. Fat
malabsorption does not necessarily indicate Cbl malabsorption although both
are affected by a decreased production of different pancreatic enzymes.
D-xylose test is used to distinguish diarrhea caused by pancreatic dysfunction
(maldigestion) from diarrhea caused by malabsorption (Pagana, 1992).
Consequently, the use of these less specific tests made it impossible to estimate
the prevalence of Cbl deficiency.

Garry, et al. (1984) used a serum Cbl of less than 220 pg/ml as the cut-off
for Cbl deficiency (20). A radioassay Cbl assay was used which is able to
distinguish Cbl from non~}CbI analogues. Besides the MCV, plasma folate, and
RBC folate, no other parameters were used. The MCV did not correlate with Cbl
deficiency. None of the subjects with serum Cbl levels of less than 220 pg/mi

“had macrocytosis. When using a serum Cbl of 220 pg/ml as a cut-off for Cbl
deficiency, only 3% of healthy people aged over 60 were deficient. Subjects with
known medical illnesses were excluded. The authors concluded that Cbl status
among the elderly is not a major medical problem.

Hanger, et al. (1991) used an even lower cut-off level for Cbl deficiency,
namely 154 pg/ml (21). No other biochemical parameters, beside serum Cbl,
were used to check for Cbl deficiency. The authors found the prevalence of Cbl

deficiency among people 65 or older to be 7.3%. The exclusion criteria were
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more stringent than the previous study. Those-_‘subjeéts living'in institutional care |
and known to take Cbl supplements, or conditions known to ‘in'fluen‘ce Cbl status
were excluded. The use a serum Cbl of 154 pg/ml as the cut-off fbr Chbl
deficiency might underestimaté the prevalence of deficiency among older adults.

| The studies to follow all use serum MMA and serum tHcys, two
_biochemical markers to test for true Cbl deficiency. Yao, et al. (1992) tested
100 consecut_ive geriatric outpatients aged 65 or above. Sixteen (16%) patients
had Cbl levels of less than 200 pg/ml. Only 5 patients had their MMA and tHcys
checked, since Me'di}care refused to pay most of the time. Of those five, four
(80%) had MMA levels greater than‘ 270 nmol/ml (>2 SD), éhd three (60%) had
tHcys level greater than 16 nmdl/fni (>2 SD). Twenty one (21%) ’had Chbl
between 201 and 299 pg/ml. Of those 21, only nine had their MMA and tHcys
le\)els checked. Three subject or (33%) had MMA levels greater than
270 nmol/ml, and 11% had tHcys levels greatér than 16 nmol/ml. Since so few
subjects had their serum MMA and serum tHcys tested, the aufhbrs could only
make rough estimations of the prevalence of Cbl deficiency. Unlike the following
researchers, they used é 2 SD above the mean és the cut-off for elevated MMA
and Hcys. Based on this cut-off, the estimated prevalence of Cbl deficiency
ambng older adults was 19.7% (Yao, et al. 1992).

Pennypacker, et al. (1992) screened 152 consecutive geriatric

outpatients. Cbl deficiency was defined as a Cbl level of equal or less than
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300 pg/ml with elevated MMA and/or tHcys levels of 3 SD above the mean.
Using these criteria for deficiency, they found that the prevalence of Cbl
deficiency was 14.5%. Fifty-six percent of the subjects with Cbl ranging from 201
to 300 pg/ml had elevated MMA and/or tHcys levels, compared to 62% for |
subjects with Cbl levels of less than 200 pg/ml.

Lindenbaum, et el. (1994) decided that a 350 pg/ml Cbl level should be
the cuf—off for suspecting a possible Cbl deficiency based on the fact that
elevated serum MMA and serum tHcys levels occurred in 18% of the subjects
with serum Cbl levels of between 300 and 349 pg/mi (14). They looked at the
548 surviving‘members of the FraminghamﬁHeart study and fbund that 222
(40.5%) had a Cbl of less than 350 pg/ml. Of those 222 11 3% and 5.7% had
elevated MMA and tHcys level, respectively. They found the prevalence of Cbl
deficiency to be 12% or greater in healthy older adults.

G. Comparing Neurological Slgns in Older Adults at Different Cobalamin
~ Levels ‘

The Framingham study found that 40.5% of the healthy elderly subjects
had serum C_bl levels below 350 pg/ml.. Of those elderly subjects, 27.9% also
had elevated MMA >376 nmol/L), a truthful indicator Cbl deficiency, when those
with impaired renal function are excluded. This study found a tfue Cbl deficiency
of 12% or greater among older adults, however these subjects were not

systematically tested for neurological deficits (Lindenbaum , et al. 1994)
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In the study of Metz et al. (1996), the cases did not score significantly
differently on the neurological test and the Mini Mental State Exam than the
controls However that might partly be due to the fact that some of the controls
were actually cases since 19% of them had elevated tHcys without concurrent
folate deficiencies. Even-though, the mean tHcys vIeveIs in the cases were
significantly higher than in the controls, 25.0 nmol/ml versus 15.5 nmol/ml
(P 0.008), 40% of the controls had elevated tHcys levels, compared to 76% of
the cases. No separate neurological testing was done to compare the scores of
those with true Cbl deficiency to the scores of those without Cbl deficiency.
| Healton, et al. (1991) also found no correlation between the severity or
presence of neurological irnpairment and low serum Cbl level. But, they tested
only those subjects with Cbl deficiency. Consequently, these insignificant results
can be due to a restriction of the Cbl range used, and the fact that serum Cbl
level is an insensitive test for Cbl deficiency. They 'did not specifically compare
serum MMA and serum tHcys levels against neurological impairment.

Pennypacker, et al. (1992) did find that those with eleyated MMA and
tHcys levels had a higher degree of neurological impairment than those without
such elevations. A neurological score of zero indicated that the patient was
neurologically completely normal. After Cbl treatment, the mean neurological
impairment score dropped in the Cbl deficient outpatients, and two groups

scored neurologically similarly.
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Hanger, et al. 1991 looked specifically at the mental and cognitive status
of oldér adults with low serum Cbl, defined as 154 pg/ml, and those with normal
serUm levels (>154 pg/ml). They found no correlation between mental status,
cognitive sfatus, and serum Cbl levels. As pointed out previously, older adults
can experience Cbl deficiency at a wide serum rangé, and therefore serum Cbl
is too insensitivé a test. o |

From the previqus_ studies, it can be concluded that the question of
whether there is a higher prevalence of Cbl deficiency among older adults with
'clinically diag}nosed néurological deficits than among older adults without such
deficits has not yet been fully answered. The current case-control study does not
stfatify patients by serum Cbl I'evells which }is very unreliable, but stratifies the
patients by clihiCaIIy diagnosed neurological deficits using a standard
neurological exarh (Healton, et a_I.19§(3; Métz, et al.1996).

H. Are D,emevntia‘Patients Morev:Lik:e'Iy to be '_C‘obalar.nih’ Deficient?

The Cobalamine_rg,ic hypothesis proposes that Cbl deficiency might be
etiologically important in a sub-group of patients with Alzheimer's disease (AD)
(McCaddon A, 1992). Others propose that a low serum Cbl is a marker for AD,
that COgniti\_'/ev decline will continue in spite of normalization of sérum Cbil Ievéls
}a'fte}r treatment. A correlation'of 0‘.38' at P< 0.05 was obtained for cognitive
decline és.meas“ured by the Miﬁi Mental State Exam (MMSE) and serum Cbl

values in patients with AD type dementia (Levitt, et al. 1992). On the other hand,



} 32
the fourth edition of the Diagnostic Manual of Mental Disorders (DSM-IV) wants
the physician to use serum Cbl as a differential diagnosié. bementia due to
other general medical conditions ie. Cbl deficiency has its own special ICD-9
code. The DSM-IV excludes the possibility of an interaction between dementia
of all types and a Cbl deficiency.

Unfortunately, the current data is not so clear-cut as the DMS-IV
proposes. There are many conflicting study results regarding thé relationship
between Cbl deficiency and AD type dementia as well aé other types of
dementias. Lower Cbl levels have been reported in patients diagnosed with AD
type dementia compared to patients with other types of dementias or controls
(Carmel, et al. 1995; Kristensen, et al. 1993). While others report that serum Cbl
levels are not more often reduced in patients with AD type dementia (Basun, et
al. 1994; Crystal, et. 1994). These conflicting results are partly due to different
research criteria, different assays, different serum Cbl cut-offs, and whether or
not serum MMA and serum tHcys were used to determine if the low Cbl levels
existed concomitantly with a frank Cbl deficiency. The folIoWing paragraph will
take a look at some of the currently existing conflicting research results.

Crystal, et al. (1994) performed a prospective étudy on elderly aged 75 to
85. After a five year follow up, they found no correlation between those who had
dementia as defined by neuropsychological tests (the Blessed test of

Information, Memory, and Concentration and the Fuld Object Memory Evaluation
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tests) and low serum Cbl values as defined by less than 150 pg/ml. However,
this study used low serum Cbl as the only marker for Cbl deficiency. It lacked
some vital laboratory assessments, since true Cbl deficiency cannot be
determined by serum Cbl values alone. In order to distinguish between a true
positive and a false positive, serum MMA and tHcys have to be measured.

Basun, et al. (1994) conducted a cross-sectional survey and compared
serum Cbl levels of patients with AD type dementia, vascular dementia, other
dementias, and non-demented patients. No significant difference in mean serum
Cbl level was found in any of the four groups. An age effect for serum Cbl levels
was only observed in the non-demented patienfs. Older non-demented patients
had significantly lower serum Cbl values than their counterparts. Age specific
prevalence rates of Cbl deficiency, defined as 200 pg/ml, for non-demented, AD
type dementia, other dementias were 15.5%, 18.1%, and 14.4% respectively,
and did not differ in a statistically significant way. Again, serum MMA and serum
tHcys were not analyzed to assess whether the low Cbl levels corresponded with
a true Cbl deficiency.

Kristensen, et al. (1993) found that older patients with AD dementia more
often displayed true Cbl deficiency than older patients with other dementias,
mental disorders, and the controls. Twenty seven percent of the AD patients
either displayed subnormal Cbl levels and/or elevated serum MMA, while only

8% of the patients with other dementias, 4% of the patients with mental
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disorders, and 5% of the controls had subnormal Cbl levels and/or elevated
serum MMA.
| From the previous studies it can be conclud'ed that more studies are
needed tc determine whether or not older dementia patients are more prone to
Cbl deficiency than non-demented controls. Only Kristensen, et al (1993)
assessed the serum MMA and tHcys levels. The current study attempted to
assess whether or not the prevalence of C}bl deficiency is higher among
demented ouipatients Dementie was defined by a MMSE score of 24 or less in
conjunction with a history and ph‘ysibcel which met the DSM-IV .diagnostic criteria, ,
‘than a comparable non-demented control group. Cognitivelyvimpai‘red patients,
was numerically defined by MMSE score of 25 or 26, in conjunction with a
history and physical which met the DSM-IV diagnostic criteria for amnestic
syndrome (Levitt, et al. 1992).
I. Cobalamin Deficiency induced Neuropathologic Changes
In 1900, the term subecute combined degenerat.ion of the spinal cord wes
coined. This syndrome expresses itself neurologically, hematologically, and
cellularly as epithelial atrophy of the tongue Iihing (Rowland, 1995). While
neurological symptoms and sig_ns are always present, the hematological and
cellular signs are sometimes absent as reported by Shevell in 1956. In addition
to neurological signs ahd symptcms, Chbl deficiency can also cause psychiatric

problems such as agitation, irritability, memory loss, psychosis, hallucinations,
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and dementia. Others have also reported that Cbl induced neurological
problems often occur in the absence of abnormal hematological findings, and
that they might even be inversely related (Lindenbaum, et al. 1988; Healten, et
al. 1991). Lindenbaum, et al.(1988) found that 40 of 141 (28%) patients with Cbl
deficiency had no anemia or macrocytosis. As stated earlier, the type of Cbl
deficiency which strictly presents itself neurologically has been called atypical
Cbl deficiency, because of its atypical non-hematological presehtation.

Cbl deficiency can cause a symmetric loss of myelin in the posterior-
lateral columns, lateral corticospinal tracts, and spinalthalmic tracts of the spinal
cord, the peripheral nerves, the cerebral cortex and cranial nerves (Victor, 1956;
Allen, et al. (1995). The demyelination of the spinal cord initially affects the
cervical and uppef thoracic axonal tracts (Savage, 1995), then proceeds in any
direction across the spinal cord (Rowland LP, 1995). When the lateral
corticospinal tracts become affected, it can cause, hyper or hypo platelar
reflexes or lead to absent reflexes, clonus, and babinski. Spinalthalmic tract
involvement can cause decreased cutaneous sensation. Posterior column tract
involvement can lead to ;:Iecreased or absent vibration sense, a positive
Romberg, and decreased joint position sensation (Victor, 1956). Compared to
spinal cord involvement, diffuse lesions of the‘,peripheral sensory or
sernsorimotor nerves can lead to a similar neurolog.ical cIinicai presentation. A

clinical neurological examination is not able to differentiate between a the spinal
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cord and/or peripheral nerves involvement (Savage, et al.1995). Both, the large
myelinatéd fibers énd the small uhmyelinated fibers can become damaged,
reducing position vand vibratory sense, pain and temperature perception,
respectively (Rowland, 1995).

Currently, it is thought that the demyelination is either induced by the
' impaired actions of two Cbl dependent enzymes, namely, methionine synthetase
or methylmalonyl CoA mutase. The first hypothesis was supported by the fact
that methiVOnine supplementation with induced Cbl deficient animals would
postpone the onset of Cbl induced neuropathy (Metz, 1992). It is believed that
the unavailabilify of methyl groups due to decreased synthesis of S-adenosyl
methionine leads to impaired myelin synthesis. Myelin is predominantly made up
of cholesterol, glycolipids, phospholipids, and myelin basic protein. Methyl
groups are needed for the synthesis of phospholipids and myelin basic protein
(Kapadia, 1995). The other hypothesis states that Cbl indubed impairment of
methylmalonyl CoA mutase results in the accumulation of MMA and propionyl
CoA which is thought to replace malonyl CoA and acetyl CoA as substrates in
fatty acid synthesis leading to the formation and incorporation of unusual fatty
acids into myelin (Kapadia, 1995).
J. Neurological Symptoms and Sigﬁs of Cobalamin Deficiency

The following paragraphs give an overview of the neurological symptoms

and signs in Cbl deficient patients (Healton, et al. 1991). The most common
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initial symp'tom was bilateral parest_h'es‘ias, a painful.burriing and tingling
sensation that can affect the feet or both the hands and feet. Ataxia without
paresthesias can also be an initial symptorrj_, although ataxia usually occursata
later stage, and in combination with paresthesias.

Diminished or absent vibratory sensation in the feet or feet and legs up to
the knees was the most common neurological finding. The second most
common ‘findin'g was diminished or absent proprioception in the toes and ankles.
Sometimes} the fingers andirwris_ts were also affected. Cbl induced mental
impairment such as global dementia, memory loss with a mildly reduced
attention spaii, depression, agitatioh, pararioi‘}d‘ psychosis, and personality
changes was the third common finding. Diminished or absent cutaneous pain
sensations was the fourth common finding. Sensations were most commonly
diminished i)r absent vin the feet or feet and legs up to the knees. However,
sometimes the arms, wrist, forearms, or bicéps were also involved. Weakness of
the limbs as witnessed by hyper or hyporeflexia, and absent or weak tendon
reflex was the fifth most common finding. A positii/e Romberg was the sixth most
common finding. Autonomic abnormalities due to Cbl deficiency such as urinary
and fecal incontinence, postural hypotension wer'e not seen very often, as was
Cbl induced visual impairments. |

Healtbn, et al. (1992) found an inverse relationship between neuroiogical

impairment and hematocrit. The duration of neurological symptoms was
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positively correlated with neurological impairment. On the'average, subjects
without neurological impairment had lower MCVs than subjects with neurological
impairment. There was no correlation found between the severity or presence of
neurological impairment and the serum Cbl level. All the subjects responded to
Cbl treatment, of which 47% experienced a complete recovery. The severity of
neurological impairment as wéll as the duration of the symptoms were strong
determinants of whether or not there was complete recovery.

K. Dietary Cobalamin Intake Among Older Adults | |

Many studies on Cbl deficiency among the older adults have been done.
However, only a few selected studies have attempted to assess dietary
adequacy. Most Americans eat a large variety of animal products and fortified
cereals, and it is, therefore, assumed by most researchers that older adults get
more than enough dietary Cbl in terms of the Recommended Daily Allowance
(RDA) of 2 mcg. The following paragraphs will evaluate this assumption by
evaluating some of the dietary assessments that have been done to estimate Cbl
intake.

A national study of 474 participants revealed that 15.4% of the men and
17.3% of the women above the age of 74 obtained below two-thirds of the RDA
for Cbl through dietary means. Between the age of 65 and 74, 8.7 of the men
and 19.7 of the women obtained below two-thirds of the RDA. However, of those

consuming below two-third of the RDA, 36% of the men, and 40% of the women



39
reported taking a vitamin and/or mineral supplement. No further assessment of
the supplements were performed (Ryan, et al. 1992). |

.Blundell. et al (1985) hypothesized that Cbl deficiency among elderly
hospital inpatients is often due to a nutritional deficiency since their subjects’
serum Cbl levels rose after admission to the hospital. However, this study did
not systerﬁatically evaluate the patients' average dietary Cbl"intake. Elsborg, et
al. (1976) also found that when elderly patients were placed on a hospital diet
that the serum Cbl levels rose. |

Garry, et al. (1984) did do a diefary Cbl analysis, and found that the
median Cbl intake was close to 3 még a day for the older subjects . Forty-two
percent of the men h‘ad intakes below the RDA, while 10% had an intakes of less
than 50% of the RDA. While, 65% of the women in this study had intakes below
the RDA, and 15% had intakes of less than 50% of the RDA. Note that the RDA
in 1984 was set at 3 mcg, and not at the current RDA of 2 mcg.

Carmel, ét al. (1995) attempted to assess dietary histories of dementia
patients, but they had too many logistical problems administering the food
frequency guestionnaire, and 24 hour recall. Consequently, their results on the
adequacy of dietary Cbl were}incon‘clusive.

Considéring the previous studies, it is nbt‘qUite clear whether or not most
older adults get sufficient dietary Cbl through their diet, especially free or

crystalline Cbl Free Cbl is found only in fortified foods and supplements. In light
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of the fact that food-bound Cbl malabsorption (Cbl in animal foods) might be
quite common among older adults, no researcher seem to have systematically
studied free and protein-bound Cbl intake arﬁon'g older adults. This current study
- specifically essessed free and protein-bouhd‘ Cbl intake. Dietary needs of Cbl
for older adults might be higher than the _cUrrent RDA of 2 mcg, because of the
~ different'absor’ptive}problems older édults can encounter with aging (Russell,
1992). Oral supplerﬁentation or food fortification with }free Cbl might be needed
for this older population (Russell, 1997). Furthermbre, the current 1989 RDA |
does not distinguish between cryetalline ahd protein-bound Cbl (National

Research Counsel, 1989).



CHAPTER TWO

Il OUTLINE OF THE RESEARCH PROJECT

| A. Summary of Rafionale for the Research Project

The prevalence of cobal-arhin (Cbl) deficiency among older adults is
higher than among youhger adults, and is estimated to be between 14% and
23%. Persistent Cbl deficiency can cause a variety of neurolegical deficits.
Neurological dysfunction occurs corrrmonly among older adults, raising the
research question' whether or not there is a relationship between the high
prevalence of Cbl deficiency and neurological dysfunction among older adults.
Permanent neurological damage can oceur.if Cbl deficiency is mistaken for other .
diseases such as Alzheimer's vdemen.ti'a, multipile'sclerosi's, d:i'abetic': neuropathy,
or‘ar'nyotroph'ic' rateral sclerosis (Schrillihg., v1’9'95)t

A study is needed to elueidate Whether low "normal" serum Cbl values are
part of a normal aging process or if they 'are more often accempanied, not only
by elevated methylmalonic acid‘(MMA), and/or total hemocysteine (tHcys), but
occur more ‘frequ'ehtly among patients with deteCtebIe neurological/cognitive
deficiencies or symptoms.
B. Main Study Objective and Hypotheses
1. Main Study Objective - |

Our primary objective is to determine whether older adults (60 years or

older) with a diagnosed neurological and/or cognitive dysfuhction (cases) have a

41
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higher prevalence of Cbl deficiency than a comparable group without such
neurologiéal and/or cognitive deficits (controls).

2. Hypotheses
1. The proportion (prevalence) of controls with true Cbl deficiency as defined by
a serum Cbl of <400 pg/ml and a MMA of >271 nmol/L and/or a serum Hcys of
>13.9 umol/L (estimated to be 18%) will be lower than for the cases (estimated
to be 38%).
2. The oddé of having Cobalamin (Cbl) deficiency is estimated to be 3.75
higher for subjects with neurological and/or cognitive dysfunction (cases)
compared to the odds of the control subjects .
3. Older adults with neurological and/or cognitive dysfunction consume less free
Cbl (from fortified foods and supplements) than the control subjects.
4. Subjects who consume a higher amount of free Cbl are less likely to be Cbl
_deficient. |
C. The Study Design, Setting, and Sample Size Calculation
1. Study Design

A case control study which used 120 outpatients 60 years or older with
and without neurological and/or cognitive deficits was conducted.
2, Setting

Subjects were recruited through the Loma Linda University Faculty

Medical Offices, an outpatient clinic. Control patients were strictly recruited
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through the Department of General Internal Medicine and were seen by Dr.
Jvames_ Larson, the principal investigator, and Marion Bachra, a graduate
nutrition student and vauthor. Cases were recruited both through the Department
of General Internal Medicine and the Department of Neurology and were seen
by various internists, neurologists, including Dr. vDénieI Girang, a co-investigator,
and author.

3. Sample Size Calculation

The prevalence of Cbl deficiency in héalthy free-living older adults is
| estimated to be around 1"8%’(Lindenbaum, etal. 1994, Pennypacker, et al.
| 1990). To be able to detéct an odds ratio of 3.75 or greater, at a power Ievél of
80%, at an alpha rlevel of 0.65, 60 cases and 60 controls were neéded for this
| -study.‘ Ebi Info Version 6.0 was used to do the poWer calculation. See Appéndix
1 for the power vcavlculations for the odds ratios 5 through 1.5.
D. Subjects, Exélusion Criteria and Sequence of Data Collection
1. Subjects
Thirty feméle and 30 male cohtrols, 27 female and 33 male cases ages 60
through 1 67 Weré enrolled when the exclusion c‘:rvite:ria listed below were met.
Exclusion -Criteria |
1. Patients witH neurological demyelihating diseases, movement disorders,
seiiure and epilepsy ,syndrdmes, ne'uropat,hies, neuromuscular disease due to

specific pathological conditions were excluded.
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2 Pafie‘nts with asymmetrical presentation of neuroldgical signs or symptoms
were excluded. |

3. Suspec’}ceddiabetics, defined as a fasting blood sugar aboye 140 gm/dl, or a
random blood sugar above 200 mg/dl and diagnosed diabetic were excluded.

4. Patients with previously di}agnosed pernicious anemia were excluded.

}5. Patients with previouely diagnosed Cbl deficiency ie. pernicious anemia were
excluded. |

6. Patients who orally took more than 25 mcg vof Cbl per} dey,' or who had
previously received Cbl injection therapy were excluded.

7. Patients preyiouslly diagnosed or suspectedeith spih‘al stenosis, Spinal
compression, and all rediculopathy related to specific structural problems were
excluded. |

8. Patients receiving chemo or radiation therapy, or those who experienced
peripheral neuropathy after treatment were excluded. :

9. Patieh{s with untreated or partly treated hypothyroidism were excluded.

10. Patients with multiple myeloma and those who tested positiVe for
monoclonalgammopathy were eXcIuded.

11. Patients with diagnosed or suspected strokes, multi-infarcts, peripheral

vascular disease, cerebral hemorrhage, and brain tumors were excluded.

12. Patients with a creatinine level above 2.0 mg/dl were excluded.
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2. Sequence of Data Collection Events for Cases
'1. Outpatiehts visited either Dr. Larsen, Dr. Giang or other FMO doctors for
neurological and/or Cognitive complaints. Some patients were enrolled without
neurological symptoms, but were tested neurologically by the MD to have a
neurological deficit. To speed up the data cbllection process, the Clinical Lab
saved serum of all patients who had their serum Cbl levels tested. The author
would approach the doctor who ordered th‘e‘ test td see if the patient met the
study criteria, and to get approval to invite the patient to enroll in the study.
2. Patient was asked to participate in the study, read and sign-the informed
consent form. Appendix 2 shows the two separate consent form for the cases
and the controls.
3. During the first visit, the physician adminiy‘stered the neurological exam and the
Mini Mental State Examination (MMSE) (See Appendix 3).

a. The authbr administered the MMSE with all the cases who strictly

enrolled because of a heuro‘logical deficit. The a-uthor administered the

Trail Making: Test, Part B with éli the cases ahd éll the controls. Scores

- were filled out on the neurological sboré sheet and check list
(Appendix 3).
b. The physician ordefed a Complete Blood Count, a Chemistry Blood

profile, Serological -festing for syphilis (only for cognitive impairment),
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protein electrophoresis, a thyroid panel, and serum Cbl on a special
- SmithKline Beecharh lab slip with a label indicating that two vials with
1.5 ml each serum should be frozen.
c. Two vials, eéch with 1.5 ml of serum were frozen and saved for
Metabolite Laboratories, Inc. in Denver.
d. The author administered and filled out the Food frequency
Questionnaire. (Appendix 4)
e. The author checked the patients’ medical records and filled out a
Patient Profile Sheet (Appendix 3) |
‘4. After all the data had been covllected, a_liqu‘ots_ of th}OSev p;atiénts with a serum
Cbl of equal or less than 400 pg/ml weré seh_t to Metabolite Laboratories in
Denver where serum MMA/tHcys were analyzed.
3; Sequencé of Data Collection Events for Controls
1. Patients visited Dr. Larsen for a medical condition other than a neurological or
cognitive complaints.
2. Patients were asked to participate in the study, read and sign the informed
consent form (Appendix 2)
3. During the pétients' regular visit, Dr. Larsen administered the neurological |

testing (Appendix 3 )
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a. The author administered the MMSE and Trail Making Test. All the
~ scores were filled out on the neurological score sheet and Check list |
(Appendix 3). |
b. Dr. Larsen ordered serum Cbl on a separate and special research
SmithKline Beecham lab slip with the Grant Billing Addréss. CBC and
Chem Profile were only ordered when medically indicated.
~ ¢. Two vials, each with 1.5 ml of serum were frdzen and saved for
possible transport to Metabolite Laboratories, Inc. in Denver.
| d. Marion administered and filled out the Food frequency questionnaire
(Appendix 4) |
e. The author filled out a Patient Profile Sheet' (Appendix 3)
4. After all the data had been collected, aliquots of .those patients with a serum
Cbl less than 400pg/ml were sent to Metabolite Laboratories in Denver where
serum MMA/tHcys were analyzed. |
E. Biochemical Asseésmenf of Blood Samples
The following laboratory values were documented on the patient profile
sheet. Serum Cobalamin, serum total homocysteine, sérum methylmalonic acid,
mean cell volume, hemoglobin, hematocrit, blood urea nitrogen, creatine, total

cholesterol, albumin. (Appendix 3)
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F. Neurological Impaifment Measurements and Scores

The higher thé neurological score the greater the neurological impairment
(Healton et al, 1991; Metz et al. 1996). Maximum total points were 23 points on
the neurologic testing scale (Appendix 3).

A neurological deficit was defihed asa .neurological sco;e of 4 or above,
excluding those who had reduced vibration sense and/or hyporeflexia in the
absence of paresthesias. Absence of neurological deficit was defined as a
score of 4 or less in the ébsence of paresthesias. Patients with peripheral
neuropathy/myelopathy with and without paresthesias were enrolled. Those who
experienced gait imbalance in the absence of paresthesias or peripheral
neuropathy/myelopathy were also enrolled. Patients who had paresthesias in the
absence of other neurological signs were also enrolled.
| G. Cognitive Impairment measurements énd scores
1. Mini Mental Status Examination (Tombaugh, 1992)

Maximum score is 30 points. The MMSE is divided in the following 6 categories:

1. Five points for orientation to time

2. Five points for orientation to place

3. Three points for registration of three words

4. Five points for attention & calculation

5. Three points for recall of three words

6. Nine points for language & visual construction
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Criterias for Cognitive impairement:

27-30= no cognitive impairment
25-26= mild cognitive impairment, and based on a history & physical
assessment (Levitt , et al 1992)
24-5= moderate to severe cognitive impairment (dementia of uncertain etiology,
and based on a history and physic‘all)“. |
2. Trail Making test Part B

The Trail Making Test part B, a test of visuomotor tracking, attention, as
well as cognitive impairment, was not used as a diagnostic tool since this test
has not yet been standardized to account for the very pronounced age effect.
(Kennedy, 1981). This test requires the subject to continuously scan the test
page to identify and draw a continuous line between letters and numbers in’
alphabetical and numerical order. Results are reported in seconds, number of

_errors of omissions and commissions.

H. Dietary Assessment

A short semi-quantitative dietary questionnaire was developed by Dr.
Sabaté and the author to assess protein-bound Cbl as well as free Cbl intake.
This questionnaire is divided into six sections, namely, 1. vitamin
supplementation, 2. eggs and dairy products, 3. meat, poUItry and fish products,
4. Cbl fortified meat substitutes/meat analegues, 5. bread and Cbl fortified cereal

products, and 6. Cbl fortified liquid food supplements. When the subjects
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reported 5upplement USe, they were called at a later time to report the name
ibrand, the exact amount of free Cbl per tablet(s), and were asked how often, and.
fof how long they had taken the supplement. During their doctor’s visit, the
subjects we}e asked how often they ate a specific serving size of food, either per
: d}ay, .per week, per monfh. If they'consumed a particulak food Iess than once a
month, consumption was assUmed too be vrarely or never, and the number zero
wes written in the "farely/none" column (Aepehdix 4).

" Nutritionist IV diet analysis, version 4.1. was used to compare dietary Cbl
against the RDA of 2 mcg. For statistical analysis, the values of the cumulative
Cbl intake (dietary and eupplemental‘ intake), and free Cbl intake (free Cbl from
diet and supplements) were used.
| I. Statistical Mvethods

Data were entered and analyzed using SPSS 70 for Windows. The
following variables had strongly right svkewed anql/er }}Ieptokyrtic distributions;
age, education, MCV, MMA, Crt, BUN, dietary Cbl intake, ffee Cbl intake,
supplementary Cbl inta’ke, total Cb»I inteke, MMSE score, neurological score, and
Trails B test score and were Iog-transforfned. Parametric statistics were
’performed with'normally distributed variables. If the log fransformations did not
result ih a normally distributed variable, non-parametric statistics were

calculated. For most of data analysis, the subjects were either stratified
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according to whether they were cases or controls, or whether they had a Cbl
deficiency or not.

To compare the subjects, the independent t-tests were done for the
following variables Cbl, log-MMA, tHcys, log-age, log-MCV, Hgb, Hct, log-Crt,
log-BUN, and log-total Cbl intake. The Mann-Whitney was used for the MMSE
score, years of eduCation, free Cbl intake, and supplemental Cbl intake. The
Mann—Whithey test was also used to test whether mean rank of free Cbl intake
differed among lacto-ovovegetarians and omnivorous. The in‘dependent t-test
was done specifically to compare controls with a neurological score of zero and
controls with decreased vibration sense in terms of the mean log-serum Cbl, the
rﬁean Iog-éerﬁm MMA, and the mean serum tHcys.

The two-variable Chi-square test was performed to compare the
frequency counts of females and males, omnivores and lacto-ovovegetarians,
and among the cases and the controls, and among thdse subjects who were Cbl
deficient or not. The two-variable Chi-square test was donerto assess frequency
of supplemen‘t use, dietary Cbl, free Cbl, among controls and cases by age, and
among Cbl deficient and not deficient subjects.

The odds ratio was obtained to assess whether the cases were at greater
odds of héving a Cbl deficiency. The prevalence of Cbl deficiency was estimated
to be 18% for the controls (Lindenbaum, et al. 1993, Pennypacker, et al. 1992)

and 38% for the cases. The latter percentage was based on the sample size
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calcﬁlation. The odds ratio was also calculated for the controls with a
neurological score of zero and controls with decreased vibration. Several odds
raﬁos were calculatéd to assess specifically whether controls with a neurological
score of zero were a greater odd of having a Cbl deficiency the cases, or those
céses.with specific isolated neurological deficits and/or diagnosis.

The bivariate association between variablés was tested by calculating the
N Pearson or Spearman coefficients of correlation. To investigate the effect of the
group factor (case or control) a multivariate analysis of factors predicting the
following normally distribuied variables; serum Cbl, log-serum MMA, serum
tHcys, log-neurological sﬁore, and the log-Trials B‘test, the stepwise multiple
linear regression model was used to sélect the most strongly related normally
predictor varv'iables,} and to calculate a multiple Qhadjusted R2. |

Ohe-way ANOVA was performed to compare serum Cbl, free Cbl intake,
log-serum MMA, and the log-serum tHcys means among the different
neurological diagnoses. One-way ANOVA with the Bonferroni multiple
compériso_ns procedures was performed to compare the mean log-ages of cases
and controls Who had nbrmal, reduced or absent »platellar reflexes, and normal,

reduced or absent vibratory sensation.
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A. ABSTRACT
Objectives: To determine whethér older adults with neurological dysfunction are
at greater risk of co’balamin deficiency than subjects without neurological
dysfunction, and whether those with cobalamin deficiency have a lower intake of
free cobalamin.
Design: Case-control study in which clinical and laboratory assessments of
consecutive outpatients were surveyed.
Setting: Outpatient clinic at Loma Linda University, California.
Participants: One-hundred and twenty older outpatients aged 60 to 107.
Measurements: Neurological examination, Mini Mental State Examination, Trail
Making Test - Part B, dietary Questionnaire, serum determinations of cobalamin,»
methylmalonic acid, total homocysteine, and folate. ‘
Results: The prevalence of cobalamin deficiency was 16.6% for those controls
with completely normél nedrological exams, and 25% for the cases (OR=1.7,
95% Cl .54, 5.1). Inclusion of controls with reduced vibration sense resulted in
an odds ratio of 1.2 (95% Cl .52, 2.8). Cbl deficiency was associated with a
lack of low free cobalamin, cobalamin obtained from fortified foods and
supplements. Subjects who obtained a daily average between 0 and 1 mcg of

free cobalamin were most likely to be cobalamin deficient (41.5%), while those

who obtained >2 mcg were least likely to be cobalamin deficient (13%) (P=.003).
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Conclus‘ioﬁs’:v Subjects with neurological dysfuncﬁbn trended towards a higher
odds of cobalamin deficiency when compared to controls with completely normal
neurological exams (“true ;:ontrols), but, because of the consequent decrease in
samip‘le si'zé, this trend failed to reach staﬁstical significance. Isolatéd reduction
of vibration sense.may not exclusively be a mahifestation\ 6f normal aging, but it
may alsd be an early heurolo‘gical sign of cobalamin ydeficienvcy. Incorporation of

~ free Cbl ih the diet, in‘_the fo_r'm'of supplements or fortifiéd foods,; may reduce the

risk of cobalamin deficiency in older adults.
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'B. INTRODUCTION

Persistent cobalamin (Cbl) deficiency can cause a variety of neurological
deficits including: myelopathy, peripheral neuropathy, and cognitive impairment
(1-7). Man_y studies report that older adults have a higher pfevalence of low
serum Cbl levels as well as Cbl deficiency than the rest of the populstion. The
estimated prevalence ot Cbl Qeﬁcie:ncy among o‘Ide:r ‘adults is somewhere
between the range of 12 to 23% 'depen.‘ding'ort what cutésffs ate'used as serum
methylmal'onic acid (MMA) and serum totalvhomocysteirte’ (tHcys) normals
(8-11). Myelopathy, peripheral neuropathy and cognitive impairment are
prevalent in older adults (4), raising the possibility that Cbl deficiency may be a
risk factor for these deficits. To our knowledge, no study has systematically
investigated whether older people with neurological signs and/or symptoms of
unknown etiology have a higher prevalence of Cbl deficiency than a comparable
control group. The Cobalaminergic hypothesis proposes that Cbl deficiency
might be etiologically important in a sub-group of patients with Alzheimer's
disease (AD), others propose that low serum Cbl is a marker for AD (12,13).
Attempts to confirm these relationships have yielded conflicting results (14-21).

Only a few selected studies have attempted to assess the dietary
adequacy of Cbl intake in older adults (22424). None of these studies assessed
free Cbl intake. Free Cbl is found in both fortified foods and supplements, while

protein-bound Cbl is found exclusively in animal products. Most Americans eat a
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large variety of animal produéts and fortified cereals, and it is therefore for
generally assumed that older adults get rhore than enough dietary Cbl in terms
of the recommended daily allowance (RDA) of 2 mcg (24,25). However, a
national study of 474 participants revealed that 15.4% of the men and 17.3% of
the women above the age of 74 obtained belbw two-thirds of the RDA for Cbl
through di’etary means, excluding supplements. Between the age of 65 and 74,
8.7% of the meh and 19.7% of the women obtained below two-thirds of the RDA
for Cbl, excluding supplements. Of those consuming below two-third of the
RDA, 36% of the men, and 40% of the women reported taking a vi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>