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Abstract

Sereening for vitamin By (cobalaming
deficiency i= described in 68 independently
living retirement apartment residents over
age 65 through gquantitation of urinary
methyvlmalonic acid (MMA) by GCAS.
Five subjects with above normal urinary
MMA were evaluated. ,-"\]1_ five had low
serum By, levels without anemia. A second
screening study on 83 freeliving church
members over ape 50 detected three with
MMA > 10pg/'me creatinine. Two were
evaluated by their physician, determined to
have low =erum B, levels and were initiat-
ed on monthly B,. injections. Urinary
MMA was also measured in 33 patients
suffering from megaloblastic anemia, other
anemias, elevated red cell mean corpscular
volume (MCOV) and’or neurclogic disor-
ders. Patients (N =27) with MMA > 1ug
mg creatining were confirmed to have a By,
deficiency. Data are shown on urinary
MMA, serum B, serum folate, baone
marrow, blood counts, and Schilling test
results, In addition. a short description of
neurologic  abnormalities and  pertinent
history is given. Of 54 verified B, deficient
patlents detected. 20% had no anemia, 2395
exhibited significant mental changes, 3%,
had a neurolegic disability at diagnosis.
and many had neurologic manifestations
attributable to B, deficiency vears prior to
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diagnosis for B, deficiency. Because of
the high prevalance of B,; deficiency in the
elderly and the possibility of a B, deficient
individual suffering a permanent neuro-
logic disability prior to diagnosis, MMA
screening of high risk groups is of value.
An improved GC/MS method employing
deuterated MMA as an internal standard is
also described. This procedure, using a
single spol urine specimen, offers an
efficient means to screen elderly popula-
tions for By, deficiency and thereby reduce
permanent neurclogic disability throught
early detection.

Introduction

B,: deficiency can be detected reliably
through the quantitation of urinary MMA®"
since MMA requires B,; for conversion to
succinic acid®. The prevalence of By
deficiency has been estimated at 2-6 per
1000 in the general population” and has
been reported to be as high as 4% in a high
risk elderly population**.

The onset of symptoms of pernicious
anemia is notoriously insidious leading to
delays in hospitalization in two studies of
17 months" and 14.6 months™. More recent
work* " including thiz paper indicate
lengthy delays in diagnosis are still
encountered. Furthermore, neurclogic
diseasse and psychiatric symptoms can
occur in the absence of anemia®*=**. Mental
changes of irritability, memory dis
turbance, mild depression, apathy and
fluctuation of mood have been reported in
25-64% of patients with untreated
pernicious anemia’. Violent maniacal
behaviour'** and paranoid psychosis'
can also be observed in patients with By,
deficiency.  Peripheral neuropathy and
spinal cord involvement can occur in 23%
and 75% of untreated patients, respec.
tively™™, Generally, with therapy, peripheral
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neuropathy is reversible'™'™ cerebral
affection partially remits'~'*\", and spinal
symptoms such as myelopathy seldom
improve!™'?, However, if therapy is
initiated within three to six months after
onset of neurologic dysfunction, most
neurologic deficits will resolve'™,

Early detection of B;; deficiency
through the means of a simple, noninvasive,
sensitive and specific screening procedure
would be beneficial for prevention of
disability in the elderly'®.  Studies
presented in this paper illustrate the
feasibility of GC/MS screening of urinary
MMA for the early detection of B
deficiency.

Methods

This research was carried out according
to the principles of the Declaration of
Helsinki, informed consent was obtained
and the UCMC Committee on Human
Research approved the study.

Morning urine specimens (1-2 ml) were
obtained from the 68 elderly retirement
apartment residents and the B3 church
members participating in the screening
studies. Random spot samples were acquir-
ed from the 534 patients with megaloblastic
or other anemias, elevated red cell MCV
and/or neurologic disorders.  Urinary
MMAY and creatinine'™ are stable at room
temperature for over 24 hours and for
months if frozen, so no special handling of
the specimens was required. Urines were
assayed for creatinine (Sigma Chemical, St.
Louis, MO) using a 20xl aliquot®™. MMA
was quantitated from a volume of urine
equivalent to 0.05 mgs creatinine by GC/
MS using a Finnigan 3200 mass spec-
trometer interfaced to a Teknivent 20K
data system (5t. Louis, MO) programmed
from 180°C to 260°C,15'C/min**", Quantita-
tion was also performed on an
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economically priced Hewlett-Packard
5670A mass selective detector equipped
with a 5790 GC having a crosslinked
dimethy! silicone capillary column.

The method had recently been improved
by using lug of the internal standard,
methyl-dy-malonic acid, 99.5 atom % D
(MSD Isotopes. Montreal, Canada). Fig. 1
illustrates the mass spectra of dicyclohexyl
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Fig. 1 Electron impact mass
gpectra of (a) MMA and (b)
MMA-d,, dicyclohexyl

esters of MMA (a) and MMA-d, (b). Fig. 2
depicts MMA quantitation in a patient’s
urine by monitoring m/z 122 (MMA-d,)
and m/z 119 (MMA) using m/z 101 (MMA)
as a confirmation ion. Table I illustrates
the within-day and day-to-day precision of
the assay. Previous GC/MS methods using
deuterated MMA require a time consuming
extraction~2.0 ml of specimen -1 This
procedure needs no prior purification using
only ~0.05 ml of urine.
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Fig.2 Selected ion recording
from patient's sample.
Fig. 2a represents MMA
and 2 b indicates succinic.

esters. acid.
Tablel Methylmalonic acid quantitation in dilute urine specimens in
which MMA had been added. A 30g! aliquot was assayed.
( L“Hstﬂgmﬂ o
MMA added mean £ 5. L. &=2
Within-Day Day-To-Day
2 2.04x0.13 1.98+0.19
5 5.11=0.15 4.6320.42
10 10.96+0.96 10.11+0.44
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Results :

Table II lists the range of concen-
trations of urinary MMA levels for the 534
patients studied. Levels are expressed as
gg MMA/mg creatinine to help com-
pensate for urine dilution. Patients (N=27)
with MMA >l4ug/mg creatinine were
subsaquently found to be B.. deficient by
their physician through diagnostic testing
and a return to hematologic normality
after treatment with By;. Tables Il and TV
list laboratory and clinical data recorded in
the patient's hospital charts.

Sixty-eight independently living retire-
ment apartment residents over age 63 were
then screemed through urinary MMA

Table 11 Range of concentration of urinary
MMA in patients

MMA Number of

{(ug/mg creatinine) patients

Normal <30 (N =534)

0- 10 15 |
1- 2.0 166
3= .0 100
= 4.0 55
&= 5.0 35
5= 6.0 16
6 — 7.0 7
T 8.0 4
8= 9.0 1
8 — 10.0 a
10 - 1.0 3
11 - 12.0 1
12 - 13.0 4
13— 140 0
14 - 150 1
15 - 20.0 1
2 - 5.0 3
25 = 50.0 6
50 — 100.0 4
100 = 500.0 &
500 —1,000.0 4
1000 —2.000.0 2

GC-MS News Vol. 12, No. 5, 1984

quantitation for early detection of By
deficiency®®. The resulting MMA concen-
trations indicated a bell shaped distribution
about the 2-3ug/mg creatinine range as
noted in Table V. Five individuals outside
this distribution with levals >7.0ug MMA/
mg creatinine were contacted for addi-
tional MMA testing and advised to consult
their physician. See Table V1. All five
have been evaluated by their physician and
are now receiving monthly B,: injections.
Subject 1. the sister of subject 5, had a
MMA of 7. 8 even though she had received
a B,; shot two weeks prior to the test.
Two years previously, after feeling tired,
ghe was given a B,; shot which improved
her health. At that time, she had a normal
Schilling test of stage 1 — 15% and stage
11 — 185% but serum B,; levels of 151 and
121, The WHO scientific Group on
Nutritional Anaemias (1968) has recom-
mended 200zg/ml as the minimum satisfac-
tory serum B;; concentration'”. Her
physician has now elected to give her
regular B,y therapy. The sacond stage
Schilling test for subject 5 may be low due
to transient ileal dysfunction from By, lack
which often corrects after one week of
vitamin therapy'.

A similar MMA screening was then
conducted at the First Baptist Church of
Mt. Healthy, Ohio. This survey screened
85 independently living members of the
church over the age of 50 years and their
neighbors and/or relatives. Table VI lists
the results of the survey. Two subjects
have been examined by their physicians.
Subject 3. an 81 year old female, with an
MMA of 15.0 was forgetful and walking
with a walker. She had a serum By, of 73
six months after her MMA test. Subject 5,
an 80 year old female with an MMAof 22.1
was undergoing therapy for walking and
described as 9° neurotic. She had a serum

123



/L1 T wnass T 0T VIR s 2gsEz 01 uand T BI000T
Npegu eI

12 ON &
5181 5L - 05T (A16F06  Gpgl (A)S F2¥ < i u.m..,"__ wﬁ.___i s> |eunop
(N) B T8 (W) G *Lr GG - UKL

LEL ‘B |ewnou 1 LL 6'8E MW m 6 "o {171 = KL 1
9 o LEZ 66 EFr gLk W om 12 El Gl > 0wl = 99 LT
£l ‘#ap 0z 121 1'E Lo EI T KE> 14 CBL 52
8 Bay Sit ¥h 1% 0'5% W M 65 %K %1 001 > e 74
L9 ‘L°N ElE §¥6 e 170k W oM IS %58 £ 9Lt 4
£t LN euLou 568 68 (A W MM 358712 S A N b4
zu ‘Baw 861 9°56 AL 1 W g 5 %02 4 (= L1 1z
"L'N ‘L'N &01 | LF 9% W om o LN ‘LN ¥ 0z
91< "L°N 60E zit FAL 0°se W Mm% L'M il > 19t 61
‘L'N LN euou H01 8t 08t W oM “L'N 8 o 162 a1
gL “L'N jeuuou 56 s 33 4 M 56 "L'N [T} 8= 791 L
LY "L'N LN 81t Z'8 Al 14 WMoy Tl %l o'l ¥6l 9L
0°al "L'N ‘LN #6 R EEr d M 8 ‘LN o0t > 2Ll 51
e “Hap LN 01 69 ¥ al 4 M %L ol > ooy ¥l
£'sl “Hay 1ou 511 18 a9y A2k 4 M m LN ool > 9°02 EL
1< LN £RE £l ks 512 4 M BF WLl Sl ool > oLl A
'8 Bap kAl 501 c'y gt W m 5§ ‘L'N 001> §L1 1
LA ‘L'N PIE £21 9k €62 4 m 2 % %l %r L 001> B2l ol
“L'N ‘Hapy {in 10t 0 LEY Wom 5 %ee ool > 6LE 6
PR “Bap 061 611 3F 61 4 M 69 %E w5 LR 8§
(R ‘L'N £61 9" vH 1 9 4 9 £ WL BEF oL (] L
't "L'N 181 102t 'y Lot W o i ‘L'H 1} oS 9
Lt B oL Kl s 847 W g u %LT oo Z< goL S
e ‘L'N a1 (311 6L R W m 9% ‘L°H 561 19 ¥
e Mo pEseRap LR AR Le [ W o & ‘1L'H 05 R £
6ol *L'N 10 9Kl §'s 9 He 4 M L L'N £8> | z
3L < BN 6 Ll 52 0wt 4 m i «L'N %> 62 1

0 = T wr {yry) L g [ETL L E
o "o Siapi et 1 LA IR Tl e L ol ms azz__ﬁﬁﬂ_n W

aned uarap fig 0] WER (B T IKEL

124



GC-MS News Vol. 12, No. 5. 1984

Table IV Neurclogic abnormalities and partinent history of B,; deficient patients

10.
11.
. Marked peripheral neuropathy and cord problems. experienced leg numbness for 10 years, can't
13.
1.
15.
16,

17.
18.

19.

20.
. Weakness and orthostatic dizziness for the last 2-3 months, abnormal psychiatric examination.
22,

23.

24.
. Paresthesia in lower extremities, normal gait.
26.

27.

. Dementia. loss of memory, walks with walker, history of seizures, diagnosis of PA in 1960's but

taken off B,; five years ago.

_ Dementia, several months duration, paranoid — "You nurses are going to poison and kill me.”

Physically aggressive, pasl psychiatric hospitalization.

. Dementia, significant deficits of recent memory. CT finds compatible with mild, diffuse cerebral

atraphy.

. Hypersegmented polys. shortness of breath.
_ Dementia, difficulty walking, poor memory and calculation. Became compative when he was to

receive By IM.

. Dementia, decreasing mental status over two years, paranoid — "Neighbors are spying on me

and want me to raise their kids ™ Loud, hostile, violentprone, unkept, tries to bite and hit, hears
voices that frighten her, on B.; MCV went to 100.

. Dementia, paranoid-repeatedly called police about “false burglaries.” had numberous traffic

tickets and was not paying her bills. MMA went to 2.0 after B,;. Forgetful for the past two
vears. accusatory, confused, some numbness in left ankle.

_ Weakness. depression, weight loss of 20 Ibs over 1-1/2 ysars Optical degeneration-poor vision.

Still has leg muscle weakness after B;; therapy.

. Progressive cerebral palsy — work-up for organic brain syndrome (heavy metal, B.,, folate).

Difficulty swallowing food and liquids.

Visual disturbances, history of peripheral neuropathy. dizziness. After 9 months of By, therapy,
still complains of numbness and tingling in lower extremities, staggering whan walking, and
NETYDUENESS.

Decreased appetite for 6 weeks, 10-15% weight loss.

button clothes, requires walker and stand-by assistance at all times for safety.

No neurological problems, may well have had a B,; deficiency without megaloblastic bone
Marrow

Steady gait with no dizziness or weakness.

Weakness right side two days prior to admissicn  Brain scan abnormal. CT normal.

Two weeks tingling in hands and left fool. Weakness, blurry vision. humming in ears, sses
fiashes of light, divorced four times.

Uses walker, confusion and disorientation, family notices changes in mental status.

Yearly increaze of MCV noted of &7, 80, 97.5 and 102, Had patch of vitiligo for years, mother
also had vitiligo. '

Numbness in hand for 1 year diagnosed as carpal tunnel syndrome. " Hurts to drive a car.”
Continuing weakness, gait problems and numbness in feet and hands. Brain scan. EEG, and
spinal tap. Taste decreased — no flavor. Gait improved after 1 month of B.,.

Feeling tired. smooth tongue, lemon yellow skin tint, MCV was 98 three years previously.

Gradual onset and progression of leg weakness and numbness. Past surgery to decompress
lumbar stenosis (2 years ago) and cervical laminsctomy (1 year agn) because of pain in arms and
cramps in legs. Uses walker, hands quite weak, EMG's very abnormal.

Myelopathy for past eight years. Spasticity, jerking of legs so hard he has kicked himself out
of bed. Partial gastrectomy (75%) 22 vears previously and has dumping syndrome. Degenerative
spinal disease believed 1o be causad by a nutritional By, deficiency. MMA was 4.7 and repeat
Schilling test was 18% after By, IM.

Decreased sensation in legs and arms for 2 months. MCV was 109 three years previously.

Mild mental retardation and poor psychemotor development with a past history of undiagnosed
neurologic dysfunction. Myelopathy, spasticity, increasing rigidity of back and lower
extremities, unable to relax. One month after B,; MMA was 3.2,

Unsteady gait with a 2-1/2 year history of falling.




TableV Results of the retirement apartment MMA screening

Range of MMA levels

T o
0 — 1.0 7
1. = 24 15
2. — 3.0 21
3. — 4.0 10
4. — 5.0 7
5. — 6.0 3
6. — 1.0 0
7. — 8.0 1 7.8
8§ — 9.0 1]
§. — 10.0 1 9.2
10. — 11.0 b 10.3
11. — 12.0 1 11.7
12. — 3.1 1 n.7

B,; of 142 with a normal hematocrit and
MCV. Both individuals are now receiving
monthly By, injections. Incidently, if three
of the seven subjects detected in the two
screening studies were prevented 5 years of
nursing home care each, the cost savings
would amount to 8360000,

Discussion

In a previous study urinary MMA was
measured in 1118 patients with megalo-
blastic or other anemias, elevated MCV's or
neurologic disorders and 27 patients with
MMA > 20pg/ml were confirmed tohave a
B, deficiency™". Data analysis from these
27 B, deficient patients and the 27
describad in this paper showed at diagnosis
20% had a normal hematocrit, 28%
exhibited significant mental changes, and
529 had a neurologic disability which
could be attributed ta By, deficiency. Some
patients suffered neurologic manifestations
of B, deficiency for 10, 11, 14 and 25 years
prior to diagnosis.

Paranoid psychosis was observed in
three slightly anemic patients (2,6and 7;
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Table IV). Early detection and treatment
appear to be necessary for correction of
B,, deficiency mental abnormalities. For
example, patients 1 and 2 (Table V) with
several months dementia improved with
one month of By, therapy. They were more
interactive and less hostile whereas
patients 6 and 7 with dementia for over two
years showed little improvement after 1
month of B, therapy. Usually mental
improvement is complete within a month
but some patients continue to improve for
several months'®. The high prevalence of
dementia in the elderly, over 5%, may be
related to nutritional deficiencies™. A
recent study on 260 noninstitutionalized
eldarly has linked decreased memory and .
abstract thinking ability to low serum By,
levelss™. Reduced By transport efficiency
from the serum to the cerebrospinal fluid
may also be a factor contributing to the
cause of dementia. The concentrations of
several vitamins such as folic acid and
ascorbic acid are higher in the cere-
brospinal fluid than the pl asma™; however,
cerebrospinal fluid B, levels are only a
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Table V1 Clinical data on elderly individuals found with elevated urinary MMA
in the retirement apartment MMA screening

_ Urinary MMA
{ug/mg Creatinane)
(Normal <2.0)

4/26 5/ 6/1 7/23 1115

Subject

Age/Race/Sex

1 7.8 5.1 7.5 3.5 NT. 7l

2.3 7.8 B.3 5.4

3 10.3 2.3 6.0 15.3 2.2 87

4 1.7 2.7 87 623 1.9 Tl

31,7 7.5 NT. 12.4* 3.3 74

w

w

6/16/83:

Serum B,y = 167 inormal 200-900)

Hematocrit=40.0

MCV=1012

Combined Schilling test :
1 -16.2% (normal 10-42)
=-178%

Monthly B, initiated 6/16/83

B/IT/BA

Serum B, =131

Hematocrit =413

MCY=937

monthly By, initiated 7/2/84
10/4/833

Serum B,y = <100 (normal 200-1002)
Hematocrit=442

MCV =112

Monthly By, initiated 10/17/83

5/5/83:

Serum By 181 (normal 200-900)
Hematocrit =415

MCV =452

Monthly B,, initiated 6/7/83

5/3/83:

Serum Bl!'-_ <100

Hematocrit=43.9

MCV =046

Combined Schilling test:
1 —58% (normal 10-42)
1L —9.6%

Monthly Bi, initiated 5/3/83

*One day prior to receiving her Chl injection

small fraction of plasma levels®®. Patients
22 23 and 26 (Table [Il) have severe spinal
cord involvement, slight or no anemia, and
only moderately elevated MMA levels.
They may illustrate the effect of increased
MMA concentrations over a prolonged
period of time. MMA CoA could substitute
for malonyl CoA in fatty acid biesyr
thesis™. The subsequent production and
incorporation of these abnormal lipids into

the spinal cord myelin has been hypothesiz-
ed to contribute to the neurclogic manifes
tations of B., deficiency*~**. The normal
Schilling tests noted for patients 22 and 23
{Table Il) and subject 1 (Table Y1} could
result from impaired assimilation of food
B, but not crystalline B,;'"™".

A satisfactory screening test must be
specific, sensitive, reporducible, and
acceptable to the population being
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Table VT Results of the First Baptist Mt. Healthy MMA Screening

. Urinary MMA i :
Subject Txx_z'ﬁi_?"*—’m Age/Race/3ex

Additional Laboratory Data

Normal<3.0
7/24 7/31 8/5
1 56 68 — nwM
2 101 - - B0 W M
3" 150 45 8.0 g1 W F
4 59 638 — 5 W F
5* 721 1.6 — B W F
13 Ed = = 58 W F

None
None
Sarum B, =73. (Normal 200-900)
{Six months after MAA test)
None
Serum Bi; =142, {Normal 200-200}
HCT =399, (Normal 33.0-319)
MCV =889, (Normal 60.0-103.0)

None

*Physician has initiated regular By therapy

ecreened!®??. Furthermore, early diagnosis
and treatment should alter the course of
the disease’. In addition, the prevalence
of the disease in the scresned population
must be sufficiently high as to make the
test financially justified™’. Urinary MMA
sereening in elderly populations by GC/MS
appears to meet these criteria. Although a
systematic study has not been made to
determine the sensitivity of the urinary
MMA test, from physician feedback after
studying over 1600 patients over a five year
period we have not encountered an untreat-
ed pernicious anemia patient with normal
urinary MMA. A well conducted large
scale pilot study should now be undertaken
to demonstrate the value of a large-scale
population based GC/MS MMA screening
program®”™.

This study has demonstrated the
feasibility of early detection of B, deficien-
cy through urinary MMA screening. B
deficiency without anemia was presént in
all seven of the screening subjects evaluat-
od and in 20% of the 34 patients studied.
MMA quantitation in spot urine specimens
provides an accurate, relatively inexpen-

128

sive. mon-invasive approach to prevent
permanent neurologic disability in the
glderly through the early detection of
covert By, deficiency. This work suggests
that the establishment of National GC/
MS MMA Screening Centers could reduce
guffereing in the elderly and their families
while providing a large cost savings in
preventative nursing home rare.
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