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Serum B12 Level below<300ng/I with or without Anaena or Macrocytosis

Dr Joseph Chandy (Kayalackakom)

Introduction:
‘A Forgotten lliness’

In 1849 (157 yrs ago) an association between Neupsychiatric Disorders
and Vitamin B12 Deficiency was first described

Cobalamin deficiency must be suspected in all ptgieith unexplained neuro-psychiatric
symptoms or unexplained anaemia. Special atteshonld be paid to patients at risk of
developing cobalamin deficiency such as elderlyppeoregetarians, HIV-infected patients,
patients with gastrointestinal disease and patwittsauto-immunity or a family history of

B12 Deficiency.

It has long been recognised that cobalamin detgiamhatever it's cause, induces two kinds of
abnormalities, haematological and neurologicalrdiexs. In addition, many patients develop
gastro-intestinal symptoms, but the haematologiedineurological manifestations dominate.
Today cobalamin deficiency is often treated paathie development of overt symptoms, a fact
that has changed our view on the clinical pictlilee message is clear, anaemia and
macrocytosis are not present in all cases of cobatén deficiency and discrete neuro-
psychiatric symptoms are often the only signs of Yamin B12 deficiency.

At one time B12 deficiency was synonymous with roegtic anaemia, but it is now recognised
that many patients with pernicious anaemia (PA&) st example of this deficiency may present
without either anaemia or macrocytosis which ate $&gns of the disease process. In most
cases, however, the marrow will show megaloblastanges.

Cobalamin deficiency is no longer a relatively rarly observed disease, but a dramatic disease
with a fatal outcome. Unlike many of the more commuodisorders it can mimic, Cobalamin
deficiency is treatable. In many cases its manifegton can be eliminated rapidly and

completely.
Aim:

To establish that anaemia and macrocytosis (whielofien late signs of the disease
process) are not present in all cases of Cobaldefiniency Neurological,
Psychiatric, Gl, GU, ENTand dermatological signs and symptoms are often the
presenting signs of Vitamin B12 Deficiency.

Clinically significant B12 deficiency should be pested even when the B12 assay
result is reported at or below 300ng/I.

The clinical picture is of the utmost importanceenhinterpreting a Vitamin B12
assay result.



The study highlights the fallacies of solely retyion the serum B12, Hb% and
MCYV level to arrive at a diagnosis of B12 deficigraaxd emphasising the
importance of taking into account the overall dalipicture, before prejudging the
haematological and biochemical results.

To highlight the fact that the prevalence of thesdition, B12 deficiency with
Neuro-Psychicatric symptoms_is 10%3s opposed to the current belief of 0.06-
0.2% (pernicious anaemia or PA presenting with ami@@nd macrocytosis).

To create more awareness among professionals dtid pegarding the serious
consequences, if diagnosis and treatment of thmdition is inadvertently delayed
for whatever reason.

Diagnosis:

In the above connection Dr. I.Chanarin, M.D,FRCHétine M.R.C.Clinical Research Center and
Northwick Park Hospital, Harrow, Middlesex, stateshe introductory chapter of his book "The
Megaloblastic Anaemia” that, The pressures accompanying the management of patits with
leukaemia has led to decreasing interest in othelldd disorders. The simple elucidation of the
cause of megaloblastic anaemia is poorly done, eita on which diagnosis is made are often
inadequate and conclusions reached are often incact. An evaluation of the response of
physicians to a report of a low serum cobalamin ftdwing a request which they had
initiated was adequate in only 1/f patients and in more than 40% of 250 patients # report
was ignored"

"The Radio Isotope Dilution Assay (RIDA) for Serwubalamin is a commonly performed
laboratory test. Its popularity results from itadg availability and the desirability of making a
prompt and accurate diagnosis of cobalamin defigiefHowever,variations in Cobalamin
binding proteins may lead to total serum cobalaminconcentration that do not reflect the
adequacy of tissue Cobalamin stores. The serum cdamin concentration however
precisely measured may not be an accurate predictarf clinical deficiency._ In the absence of
a _single perfect diagnostic test, the importance dlinical criteria to classify patients as
deficient or non deficient in Cobamain cannot be utterstated.

Clinical Assessment:

Pathway of Care, Vitamin B12 Deficiency with NeuRsychiatric symptomsprovides
Guidelines (Diagnostic Tool, Clinical Guidelines ad Treatment regime. Appendix 1) to
clinically diagnose this condition largely based oevaluating the following criteria:-
- Presenting Symptoms.

Signs.

Clinical Features.

Other Auto-Immune Conditions.

Strong Family History.

B12 Assay Result Below<300mg/I.

Clinical Response to therapeutic trial.

Failure to diagnose or not to treat promptly Bl#aiency at any of the FOUR stages of
the disease, (usually due to lack of awarenesd)haie serious clinical consequences,
resulting in irreversible Neuro-Psychiatric Sympsom

Cobalamin absorption tests such as the Schillstgate considered of limited use. Gastric-atrophy i
likely to be present in patientdith increased P-gastrin or decreased P-pepsindgéiowever,
these conditions can be diagnosed also by uppgogesstinal endoscopies



DIAGNOSIS OF B12 DEFICIENCY BASED ON HAEMATOLOGICAL
BIOCHEMICAL AND MOST IMPORTANTLY BY METICULOUS

CLINICAL ASSESSMENT.

Please refer to Table I. Chart 1. lI

VITAMIN B12 DEFICIENCY

With or without Haematalogical, Neuro-Psychiatric, Gastro-intestinal, Genito-Urinary and
other (ENT, Dermatalogical) Symptoms.

With or Without Clinical Features

Table 1
Hb % >MCV IF P.Cell Schilling Du Urine/Plasma| 3month Low B12
Antibodies Antibodies Test. Suppressior Homocystine | Therapeutici <300mg/l
Absorption Test Trial
of B12 Methylmalonic
Acid RCI|n|caI
estimation esponse
TCI Follow up
Estimation
Neurological| Psychiatric| GI&GU | Haematological Skin ENT Strong Family Other Other
Symptoms | Symptoms Signs/ Features Nail cVs History Auto- Clinical
_ _ Immune Features,
Symptoms Conjunctiva RS Diseases | Symptoms
and Signs

Making a firm Diagnosis of B12 Deficiency

- Currently by carrying out some or all of the abtasts together with symptoms, Signs and
Clinical Features a firm diagnosis of B12 Deficigoan be arrived at.

- Further confirmation of the diagnosis can be obthivhen there is a positive response

- Following satisfactory recovery (1-2yrs) when tneat is temporarily suspended (joint

(Signs and Symptoms are improving and plasma B&Rikerising) to a 3mn Therapeutic
Trial of Vitamin B12 Replacement Therapy.

decision) if the B12 level drops rapidly and stlsetigether with re-emergence of
symptoms and signs, this is further confirmatiotheforiginal diagnosis made.

- Patients who are treated for transient and furattiombalamin deficiency will be able to
maintain their improved B12 level and will not requife long replacement therapy.



Chart |
B12 Deficiency has been and still is synonymous Wit
Pernicious Anaemia — Macrocytic Anaemia (P.A.)

B12 level below <130-<150ng/l (Stage V)

Therefore the Past and Present Diagnostic Criterigs based
on:-

The Addisonian Diagnhostic Criteria

O Low HB% (Anaemia) 30%

5%

B MCV> (Macrocytosis) 30%

10%

O Serum B12 level
below<130ng/I<150ng/l 10%

- . 0
10% O Schilling Test - +ive 10%

B | F Antibodies +ive (parietal
cell antibodies +ive) 10%

0
10% O Symptomsé&Signs 5%

30% -
0 B Clinical Features 5%

Other Essential Tests

Methyl Malonic acid and Homocystine estimation (Nogs reliable as previously
thought)

Transcobalamin Il estimation (clinical utility open to question)
Bone Marrow Examination
Schilling Test — of limited value, only reflects dective absorption




Chart Il
B12 Deficiency with Neuro-Psychiatric Symptoms

Stages | Il lll Including Pernicious Anaemia (Stace V)
B12 Level Below <300ng/I

The Diagnostic Criteria we are proposing:-

‘The Chandy Diagnostic Criteria’

ENormal or Low HB% 2.5%

2.5% 2 5%

B Normal or >MCV
(macrocytosis) 2.5%

O Serum B12 Low <300ng/I
20%

O Theraputic Trial 15%

B | F Antibodies +ive Parietal
Cell Antibody +ive 5%

O Symptoms/Signs 35%

M Clinical Features 20%

Optional

Schilling Test
Estimation of Methyl Malonic Acid
and Homocystine
Transcobalamin Il Estimation
Bone Marrow Examination




The Pathway of Care: also provides Guidelines to follow in order to trgmtients
diagnosed as suffering from B12 deficiency at ohéhe FOUR stages or under one of the
SEVEN categories of the disease. Once deficiensy been corrected, the treatment is
suspended. However, the serum Cobalamin level istoned 3-6 monthly. If B12 deficiency
occurs the second time with re-emergence of synitthrese patients will require treatment for
life as per Pathway of Care, B12 Deficiency witlmgyoms. (Appendix 1)

Patients& Methods:

This observational analysiwas performed by collecting subject data fronréugstry of

NHS patients who required treatment for B12 defieey with symptoms over a period of 23
years The data was retrieved by searching the detapmténts with a diagnosis of B12
deficiency. Subjects presented withuro-psychiatric symptomaere also searched for
their B12 levels and if found deficient were alsoluded. All the available parameters of
the patients were captured for analysis, inclu@gns, Symptoms, Clinical Features,
Blood chemistry, and Haematological parameters (lab%MCV), Thyroid function tests,
B12 level, Folic acid level, P.Cell antibody, IRti@ody and other investigations available
to the subject.

Patient Characteristics:

Until February 2004 the Practice Patient Populaties 3740.

In February 2004 due to the merger with anothejhiieiuring practice, the list size increased to
5740. The majority of the detailed analysis offthéings in the study has been carried out and
subject data gathered during the initial 23yr pkri®81-2004.

However, the Incidence and Prevalence data welleareable to update quite recently is based
on the current Practice Population of 5740 (Feb&#d6). Table 1l

During 1981-2004 a period of 23 years, a totalbmfa 186 out of 247 subjects (4.97%)
presented with clinically significant neuro-psydhia symptoms in the practice list
size of 3740.These subjects were investigated 1@ d&ficiency as per tHeathway of
Care, B12 Deficiency with symptoriifie subject characteristics included a male female
ratio of 1:3.75 %2 Males and 195 Femal@sThe lowest age in this Patient population was
16 years and the highest being 90 years of age.



Incidence and Prevalence within the UK population

VS Our Practice Population 1981-2004/6

Table Il

Megaloblastic anaemia /Pernicious anaemia due to B12 Deficiency:
Presenting with anaemia and Macrocytosis. — B12 Level <150ng/I

Location No of patients | Total No of Percentage Period of Study
people
S.E. England |60 100,000 0.06% Not Known
Scotland 200 100,000 0.2% Not Known
Horden 7 3740 0.2% 1981-Feb 04
Shinwell Medical
Practice
Horden 7 5740 0.12% 1981-Sept06
Shinwell Medical OngO|ng
Practice

(post merger)

Vitamin B12 Deficiency with Neuro-Psychiatric Symptoms and other
features with or without Anaemia or Macrocytosis. With or without Gl,
GU, and ENT Signs and Symptoms.B12 level<300ng/I (stages I, I, IlI

and 1V)

Location No of patients | Total No of Percentage Period of Study
people
S.E England | Not Available | 100,000 Not Available Not Available
Scotland Not Available | 100,000 Not Available Not Available
Horden 247 3740 6.6% 1981-Feb04
Shinwell Medical

Practice

Horden 582 5740 10.13% 1981 —Sept 06

Shinwell Medical

Practice
(post merger)

ongoing

Shinwell Medical Practice B12 Deficiency

Serum B12 Level No of Of Patient

Subjects
Below 200ng/I 198 On injection Hydroxycolabamin
Between 200- 209 On injection Hydroxycolabamin
300ng/I
Between 200- 175 On Tab Cynacolabamin 1000mcg
300ng/l

Total No of B12 Deficiency subjects receiving treatment = 582




Incidence/Prevalence within the practice population

Studies of the mechanism of absorption of B12 aufbave identified the syndrome of food
B12 malabsorption.

The prevalence of B12 Deficiency in young adulty ipa greater than previously thought. It
appears that there is a high incidence of impaiketrption of B12 from animal foods. This
study also found that the percentage of subje¢tsmoderate to severe symptoms due to B12
deficiency was similar across all age groups.

From the available datave analysed the incidence of cases of B12 defigiener the

years 1981-2004/6. The data clearly shows an isgrgancidence of the cases of B12
deficiency over these years. This pattern of inccdemay be due to increase in
awarenessand_more screenirgs per th&athway of Care, B12 Deficiency with symptoms.
Please refer thable 1l and Graph I.

Graph 1
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Age distribution and Male /Female Ratio:

On observing the age distribution of subjects, maxn incidence ie.69%, is found in the age group of
10 to 59 years (172 subjects). This is in conttadido the classical belief of high risk amongedl
Among the 247 subjects, only 75 subjects in tathriy to the age group of 60 plus and this cotestitu
only 30% of the total patients. Please ref&:aph I1.

Graph I
Breakup of B12 deficiency for different age/sex gro  ups
60
50 |
240
2 o Male
©
&304 m Female
(@]
= ’_ O Total
320
(@)
10
0 T T T T T T T T
<0 10Tol19 20To29 30To30 40To49 50To59 60To69 70To79 >80
Age Clasification

Male & Female ratio for B12 Deficiency

21.05%

O Males

B Females

78.95%
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Baseline characteristics:

The major 11 co morbid conditions existing are ghowthe followingGraph Il
Graph Il

B male
O female
@ no of subjects

0 - .
. euma " u
Myxoe Hyp_erte hipylon Diabetic | Angina Oste_c_) oid Castl Ihd Anemia | Acute
Dema | nsion +ve arthtitis 8 s -
Arthritis Combin
@ male 7 10 3 5 4 4 [0} 4 2 (0]
Ofemale 47 23 18 7 6 6 8 2 4 5
® no of subjects 54 33 21 12 10 10 8 6 6 5

It is interesting to note that out of 80% of femBlR deficient patients, 24% of the subjects wise a
diagnosed as suffering from Myxodema. Only FIVE d@subjects out of the 247 B12 deficient
patients suffered from Anaemia at the outset andasinumbers presented with Macrocytosis.
Neither of these subjects suffered from both Anaeand Macrocytosis at the same time.

Practice population of 3740 has SEVEN patientsdisgd as suffering from Multiple Sclerosis and
FIVE of the subjects initially presented with BIgfidiency with neurological and psychiatric
symptoms, including optic atrophy leading to patimdness. And the remaining TWO subjects have
been clinically diagnosed as suffering from sutilealamin deficiency. All SEVEN subjects have
shown marked clinical response to Vitamin B12 regataent therapy.

FOUR subjects in early pregnancy presented withdgfiziency with symptoms requiring
replacement therapy during pregnancy and afterveartsey remained deficient when
followed up biannually.

Symptomatology:

Evaluations of symptoms of the subjects were paddifrom the data available from all visits. Albggts
showed neuro-psychiatric symptoms and were fouhawe made improvements on follow up, after
treatment, and their serum B12 levels clearly zde® with the improvement in symptoms.

Symptoms of B12 deficiency:

The common symptoms of subjects in the study ptipilvere analysed and the occurrence in the order
of frequency is shown iable lll. Tiredness, lethargy and depression are the nawsinon
symptoms of presentation.

11



Table Il
Common Symptoms

Symptoms Male Female |[Total
TIRED 28 155 183
LETHARGY 31 125 156
DEPRESSION 15 114 129
DIZZY (Faints) 16 99 115
SLEEPY 17 66 83
HAIR LOSS 3 79 82
PINS AND NEEDLES, HANDS ANDFEET 7 75 82
HEADACHE 8 49 57
LOSS OF MEMORY 5 27 32
HYPERACIDITY 6 22 28

Normal B12 (Cobalamin) levels for our patient popuation who are symptom free

The list of laboratory tests available to diagnosigalamin deficiency is still increasing. In ouirogn

it is of importance to continuously evaluate th@igaof the individual tests in order to ensure an
optimal diagnosis of cobalamin deficiency employiag few tests as possibl& recent
publication of the British Committee for Standardison in haematology summarises laboratory
analyses currently to be recommended for the diagisaof cobalamin deficiency and also for
evaluation of the cause for cobalamin deficiency.

The normal B12 levels (random estimation) of ne&@) subjects in our practice population
are available. The normal value of subjects whosgraptom free range from betwe8A0-
900ng/I

The normal range for our laboratory is 200-800ng/I

The lower normal concentration of B12 in plasmahwio classical symptoms

is 300-350ng/l

Patients with B12 level between 200 - 300ng/l alsopresenting with neuro-psychiatric
symptoms who will benefit from replacemehéerapy (Clinical deficiency)

Values <200ng/l indicatéclinically significant deficiency.

Measurements of cobalamin bound to TCII would In@oae physiologic measure of
cobalamin status, but such assays are not yehedyivailable and the clinical utility of
this test is also open to question.

The upper normal level is 800-900ng/I
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Seven categories of Vitamin B12 Deficiency:

1. Clinically significant B12 deficiency (with moderat to severe neuro-psychiatric
symptoms)B12 level <200ng/l — with other related featur&agstro-intestinal,
haematological etc).

In our study, the majority of subjects belongethis group. These subjects presented with
clinically significant B12 deficiency with moderatesevere symptoms. All benefited from
replacement therapy.

2. Clinical B12 Deficiency (with mild to moderate neup-psychiatric symptoms)
B12 level <200 <300ng/l with or without relatechferres (Gastrentestinal,
haematological etc)

A number of subjects had B12 level ranging betva&nto 300ng/l and experienced mild to
moderate neuro-psychiatric symptoms. Some alsemextwith other clinically relevant
features. These subjects also benefited from tegdtm

Both groups of subjects are clinically followedhignnually and their future replacement
therapy determined according to their biochemigdldinical status.

3. Subclinical Cobalamin deficiency without signs orgmptoms:

In our group there are 61 subjects who are idedtiis having low B12 level (<200 <300ng/l), with
mild- signs and symptoms of cobalamin deficienap¢snical cobalamin deficiency). These subjects
are followed up biannually. Replacement theraplyomlly be initiated if they develop clinically
significant signs and symptoms of cobalamin deficye

"Thus differentiating betweesbclinical and clinicaldeficiency despite their overlap is

a worthwhile 'clinical practice’. Occasionally patits, although asymptomatic nevertheless have
subtle electrophysiologic findings that suggest tieairologic changes sometimes lurk under the
asymptomatic veneer

An unknown but probably small proportion of casag eventually progress to overt
clinical manifestations; the proportion is probalblighest in that minority who have underlying
classical malabsorptive disease such as perni@oagmia. (Lack of intrinsic factor)"

4. 'Subtle Cobalamin Deficiency'
Subnormal/Normal B12 level with symptoms

e Some patients develop neuro-psychiatric symp@even when their plasma B12 level is
above 300ng/l due to tlissue Cobalamin storbeing low(subtleCobalamin deficiency)

» The clinician must be aware that the syndroh@obalamin deficiency with predominant neuro-
psychiatric symptoms may occur at subnormal/noforal 300ng/l) serum cobalamin concentration.

» Tissue Cobalamin store can be assessed tatastj serum or urinary Methylmalonic acid and
homocystine level. However these tests are nohebyievailable in the UK and are not as reliable a
previously thought.

« These tests may demonstrate a deficiency eleen thie more traditional biess reliableobalamin
levels are borderline or even normal.

» SubtleCobalamin deficiency also can be confirmed wherkeadbelinical improvement are noticed in
subjects following a short optimum course of Cobalaeplacement therapy and subsequent close
clinical follow-up (therapeutic trial).

A striking feature of our patients was thghhilegree of responsiveness to cobalamin therapy.
13



Indeed the strongest predictors of post treatresiuiral damage were pre treatment severity
and duration of symptoms.

» Patients (particularly older patients) withanaemia and with normal serum cobalamin levels bu
elevated levels of serum methylmalonic acid magldgvneuro-psychiatric abnormalities'.
Treatment of patients with tH&ibtle'cobalamin deficiency will usually prevent furthetetioration
and may result in improvement.

* The number of subjects who fall in this catggre few in number. However, they are closely
followed up and as and when their B12 levels dappiéor their condition deteriorates further,

treatment is initiated.
» Early diagnosis and treatment remain important imgwenting permanent damage.

5. Functional Cobalamin Malabsorption

« Gastric atrophy (due to G. ulcer, gastriti§\Wbri) causes loss of hcl and pepsin produdtiefore
the loss of IF production. In this stage, the gt split Cobalamin from food protein vanishes.aA
consequence the patient can no longer absortati€fabalamin. However these patients are able to

absorb Cobalamin tablets given orally.

6. Transient Cobalamin Deficiency

B12 deficiency causes megaloblastic changes epitieelial cells lining the gastro-intestinal,
genitourinary and respiratory tract. These chacgese diarrhoea and malabsorption in the G.I tract
and other dysfunctions in the genitourinary angir@®ry tract.

In all cases these changes return to normal pfteojariate B12 replacement therapy.

» A transient impairment of absorption of coballatmked to intrinsic factor may be present
and this as well as other evidence of malabsor@rercorrected after specific therapy.

« Intestinal malabsorption is present in abdBibtpatients and abnormal tests disappear adieqth

» Once the transient causes of malabsorptiaroarected and both the serum and storage levels of
cobalamin are well and truly replenishiils subject group of patients are able to maintée
normal cobalamin level indefinitely without resani to lifelong treatment.

7. Dietary B12 deficiency - vegetarians, vegans, podret

This may be established as the cause of Vitamind&fiziency by prescribing a daily dose (50-
150mcg) of oral Vitamin B12 tablets. A positivespense indicates dietary B12 deficiency.

Long term treatment

Change of diet, to include daily portions of mésih, and poultry
If the subject is unwilling to change their diethabit, to prescribe 50 to 150mcg daily dose df ora

Vitamin B12 lifelong.

14



Four Stages of Vitamin B12 Deficiency:

Vitamin B12 Deficiency can be divided into four gés:-

Stage | Serum B12 concentration low; no clinicain@tabolic abnormalities
Low plasma level of holatsaobalamin Il

Stage | The plasma and cell stores &f B&come depleted
Serum B12 is low with methb abnormalities

Stage Il Increased level of HCY and MMA and lowldtcanscobalamin Il — low
B12 level.
Damaged metabolism, dU seggion is abnormal
Neuro-Psychiatric symptomigh mild haematological changes
without anaemia.

Stage IV Clinical signs become recognisable (Adueso criteria)
- Macro Ovalocytosis

Elevated MCV or Erythrocytosis
Lowered haemoglobin
Patients presenting with the classical featurgseoficious anaemia (PA)
would therefore be expected to have progressedghrstages I, Il & 11l over
several years. Some vegans and patients with s@iatiion of food
cobalamin, may also progress through these stagastimes over many
years, but others may not progress beyond stagH.l ®hese considerations
imply that there are many more individuals in stagel & Il of B12
deficiency than in stage 1V (PA)

Low nutritional intake of Vitamin B12 may lead tegmative balance and finally
to functional deficiency when tissue stores of Wita B12 are depleted.

Early diagnosis (Stage | & 1) of Vitamin B12 deBacy seems to be useful
because irreversible neurological damage may beepted by cobalamin
substitution.

Treatment period:

Subjects with diagnosis dB12 deficiency with neuro-psychiatric symptorhsvere started
either on injection or on oral medication on thesibaof their clinical presentation, blood
chemistry and patient choice as pathway of Care, B12 Deficiency with symptoms.

From the total population of 247 subjects with Bd&ficiency 186 subjects were started on
treatment. Among the 186 subjects on treatmentsiibfects were on injections and 30 subjects
on oral tablets of B12 (50-300mcg). From the 30jestts who were started on oral treatment
11 subjects were switched to injections due toagaedte response.

The average treatment duration with injection i282nonths and on tablets is 19.25 monithe
treatment duration for the tablet appears shortecduse few subjects on B12 tablets after 3
months trial period had to be switched to injeci@ue to unsatisfactory response.

15



Table IV
No. of subjects started on injection / tablet andréatment duration:

Numbers |Avg. Treatment duration

Injection Hydroxocobalamin 1000mcg 156 32.35 months

Tablet Cynacobalamin (50-300mcg) 30 19.25 months

Tablets stopped and started on Injection 11

* Remaining 61 subjects (low BI2 with mild symptombsédinical B12 deficiency) are followed up
annually. If and when they present with moderagetere symptoms, B12 replacement is initiated as
per the 'Pathway of Care'.

Results:

The Blood levels of serum B12, Hb, TSH, serum Folahnd U&Es, were available before
commencing the treatment, during the course oftrtreat and at the time of cessation of
treatment. These variables were also availableaset subjects for whom treatment was restarted
due to reoccurrence of symptoms and reduction ionseB12 levels on follow up. In this
sample population of 247 subjects with B12 deficiewith symptoms186 subjects were started
on treatment either on injection or on tablet. AGemonths of treatment the blood levels were again
checked and those who had B12 values more thampier limit of normal with disappearance
of symptoms had their treatment stopped. Thesedshjere again followed up within an average
period of 6 months and those whose levels dropptaivbthe lower limit of normal and or with
reemergence of symptoms, were restarted on treatmen

Results of B12 Values:

Statistical analysis (Paired tests) was done wighB12 levels. The results showed a significant
difference between commencement levels and follpvilevels. There is no significant difference

between the commencement levels and recommencéswelst as the values dropped very much
after cessation of the treatment or the durationredtment is too short to evaluate the
significance. Please refer &aph 1V
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Graph IV Graphical representation of mean value oB12
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Whether Serum B12 improved with treatment:

At baseline when the subjects were screened, tlae rmadue of B12 was around 185. Subjects
were assigned either to injections or to tabletgimy the follow up periods, serum B12 level
significantly improved from baseline and the meatues where around 808. The analysis
(Paired tests) of blood values of B12 at commencdraed ongoing shows the significance.
The benefit of treatment was well established withrise in serum B12 at the time when the
treatment was ceased.

Subjects were advised to stop the treatment atteydar point and the mean B12 levels at this
point in time were 1146. All neuro-psychiatric syimps were resolved over a period of time with
treatment and corresponding improvement in serughl®del. Following the cessation of

treatment subjects showed decline in B12 level wainesponding reoccurrence of neuro-psychiatric
symptoms. So, for the subjects who showed reoawgref symptoms and declining B12 levels,
the treatment was restarted.

This phenomenon of rise (symptoms disappear) drigyfianptoms reappear) of plasma B12 level is of
great clinical significance. This subject groupafients will require lifelong B12 replacement treant.
The cause of this dramatic fall of B12 level is tlu@reversible malabsorption or malutilisation of
B12, rather than due to malnutrition, vegetarianisimctional or transient Cobalamin deficiency.

Time taken for the fall in B12 level once corrected

Once the 'B 12 Deficiency with symptoms' is adesyiabrrected, the treatment is suspended. It is
interesting to note the time taken for the B12Ilevdrop back to its previous low level varied sidierably
from patient to patiensix months to three yearsdepending on the pre-treatment severity andidorat
their condition. Some subjects were able to maititair normal level indefinitely once the initial
deficiency (functional/ transient Cobalamin deficyd) had been corrected. However these subjects ar
also closelynonitored on a lifelong basis by estimating themel B12 levels.

Initial Replacement Therapy — Treatment Schedule foadministration varies widely.
I.M Injections of Hydroxocobalamin 1000mg

Usually it consists of initial loading doses oftsiten injections given on alternate days.

Followed by weekly injections until symptoms disegap When not only the plasma level is being
normalised, but the liver and tissue store of Gwbil will also be replenished.

Then monthly injections are administered for 6 imtd 1 year.
Long Term Therapy - A Joint Clinical Decision:

Treatment regime is determined (adjusted. up omjamdividually in consultation with each
patient on the basis of the severity of their alipresentation and the speed with which the B12
level rose and then fell. The frequency of thedtigns are also decided depending on how soon
and with what intensity the symptoms re-emergerndytine waiting period between each
monthly, two monthly or three monthly injections.rhost cases, replacement therapy is all that
is needed for the treatment of cobalamin deficieitye response to treatment is gratifying. The
patient will experience an increase in strengthamdnproved sense of well-being. Marrow
Morphology begins to revert towards normal withémvfhours after treatment is initiated.

With lifelong treatment, patients should experienodurther manifestations of cobalamin
deficiency although neurological symptoms may not be fullyreored even by optimal therapy.
The potential for late development of gastric qasana in pernicious anaemia necessitates
careful follow-up of the patients.
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Vitamin B12 deficiency
Supplementation with oral vitamin B12 (1000-2000 nt)

The acidic environment of the stomach facilitates hireakdown of Vitamin B12 that is bound

to food. Intrinsic factor, which is released byiptal cells in the stomach, binds to Vitamin B12
in the duodenum. This Vitamin B12 intrinsic factmmplex subsequently aids in the absorption
of Vitamin B12 in the terminal ileum.

Contrary to prevailing medical practice, studiesvghhat supplementation with oral Vitamin
B12 is a safe and effective treatment for the Bafictency state. Even when intrinsic factor is
not present to aid in the absorption of Vitamin BP2) or in other disease that affect the usual
absorption sites in the terminal ileum, oral thgregmains effective.

Evidence supports the existence of an alternate ¢gm that is independent of intrinsic

factor or even an intact terminal ileum Approximately 1% of a large dose of Vitamin B$2
absorbed by this second mechanism. This pathwiaypsrtant in relation to oral replacement.
Once absorbed, Vitamin B12 binds to transcobaldhand is transported throughout the body.

Oral Vs Parenteral Therapy:

Oral Vitamins B12 replacement is as effective agrijdctions even in patients with PA or
ileal resection.

Vitamin B12 tablets are thought to be absorbednass’ in high doses. Surprisingly one
study showed that even in patients who had undergastrectomy, Vitamin B12
deficiency could be easily reversed with oral sepmntation.

Schedule for Oral Vitamin B12 therapy

Route of administration Initial Dosage MaintenabDusage
Oral Tablet 1000 to 2000mcg per day | 1000 mcg per day of life
for one to two weeks

Oral Vitamin B12 (1000mcg) treatment in our practice.

Our Practice population has increased from 3748¥ 4 since February 2004 due to the merger
of a nearby practice.

Since March 2005 we are treating 175 B12 defigmatients (<200 <300ng/l) with a daily dose
of 1000mcg. On 3 to 6 monthly reviews the majootyhese patients are showing
improvement in symptoms and corresponding ris@iara B12 level. However, subjects who
have not shown any elevation in their B12 level aadlinical improvement in their condition
are switched to IM administration of Hydroxycobalam
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Whether the neuro-psychiatric symptoms were attribdiable to anaemia:
Cobalamin deficiency without haematologic abnormisdis (anaemia and macrocytosis) is
surprisingly common

Classical thinking is of anaemia developing becaidack of cobalamin, causing retarded DNA
synthesis with little effect on RNA and protein #yesis, leading to Megaloblastic anaemia.
Normocytic anemia is seen if the patient suffeosrfboth cobalamin and iron deficiency. As
part of routine clinical examinations Hb concentrnas were performed &seline and in all
follow up visits at or more than 6 montisalysis clearly shows that there was no state of
anaemia attributable to symptoms at any visiis pernicious anaemia, the anaemia usually
develops gradually, perhaps over several years,symaptoms of anaemia may not occur until it
IS severe.)

Whether treatment has any effect on normal Haemoghin levels: Analysis was done with
the haemoglobin values at the time of commencemmedtcessation of treatment. The analysis
(Paired tests) clearly shows no effect on the nbidtavalues at baseline and at the time of
cessation of treatmentiowever subjects who had a low Hb level from thetsmt returned to
normal values once the B12 deficiency was corrected

Whether Megaloblastic anaemia present at baselineAs per thePathway of care, B12
Deficiency with symptomsMCV of the subjects were performed along with other
investigations. Megaloblastic anaemia is definec&mMCV is more than 100. On analysing
the subject data it is seen that in all but fewjescts, MCV is below 100. This disproves the
classical thinking of Megaloblastic anaemia develggan the early stages of B12 deficiency
andl believe from these observations that Megaloblasithemia may develop only at a later
stage (stage 1V) of the disease process.

Whether normal MCV values changed with treatment: Analysis was done with the MCV
values available from all visits. It clearly shottst there is no association with treatment for
normal MCV valuesHowever 3-4 subjects who had a MCV value of 100-1verted back

to normal values following treatment.

Whether Folic Acid deficiency is present at baseliex At baseline and at follow up visits,
subjects were screened for serum Folic Acid lesgart of the evaluation of tiathway of
care, B12 Deficiency with symptoni$ie data shows that the mean Folic Acid level ighin
normal limits at all visits.

"Folate fortification of the diet and supplement @s have also markedly reduced the
frequency of folate deficiency, and cobalamin deéincy is now the more common
deficiency state, among all age groups.

Whether treatment has any effect on Serum Folic Adi level: Analysis (Paired test) was
performed with the Folic Acid level available atsbdne, ongoing, ceased, follow up and
recommenced phases of the treatm€&hé data clearly shows the differences in levelg aiot
significant.

Whether Hypothyroidism contributed to the neuro-psychiatric manifestations. At
baseline and all other follow up visits, all sultgeevere screened for hypothyroidism by
measuring Serum TSH. The data shawat 54 of the 247 subjectsere suffering from
hypothyroidism.
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Changes of Serum TSH with treatment:

Analysis (Paired test) was done with TSH valuediftdrent visits and the results were not signiftda
subjects with B12 deficiency who were not (coneuly suffering from hvpothyroidism and receiving
Thyroxine at the same time. So the cause of nesyokpatric symptoms cannot be attributed to the
classical symptoms of hypothyroidism. On furthealgsis it is clear that subjects whose B12 levels
improved with treatment showed resolution of nqasygehiatric symptoms and their serum TSH did not
show any change from baseliegcepting in those 54 patients who were receivingyibxine
replacement in order to correct their hypothyroiite.

Irreversibility of Neuro-Psychiatric symptoms:

Our study has shown that undue delay in diagnaamttreating of B12 deficiency will inevitably lead
to neuro-psychiatric symptoms becoming irreversiliplacement therapy is not initiated earlyhie t
disease procesBreversible Neuro-psychiatric symptoms:

1. Headaches, Memory Loss

2. Confusion, Depression

3. Weakness Of Limbs, Parasthesia

4. Loss of balance, Swaying to one side

5. Loss of sensation and power of limbs

6. Sub Acute combined degeneration of cord

7. Incontinence of bladder and bowel

8. Optic atrophy, Blindness.

9. Neuropathic Pain

10. Single Limb Paralysis

Symptoms resolved with treatment:

Neuro-psychiatric symptoms of subjects presentedsatine were significantly improved over a
period of time with treatment.

Multiple Sclerosis and B12 deficiency with neuro-pghiatric symptoms:

Practice population of 3740 has SEVEN patientdsey as suffering from Multiple Sclerosis. However
the initial presentation of FIVE of these subjestse of classic 'B12 deficiency with neuro-
psychiatric symptoms'. They also suffered from motence of bladder and were partially blind
due to optic atrophy. TWO of the B12 deficient pats also showed demyelimation of the
spinal cord.

All subjects showed remarkable improvement wheir B2 deficiency was adequately
corrected. However following correction, when thegatment was suspended, their condition
deteriorated rapidly and the B12 level also dropjoeithe previous low level. Once the B12
replacement was reintroduced the improvement wasalic and convincing.

Faints, funny turns, blackouts and non epileptic seures:

Nearly 12 subjects suffered from these extremelgryung symptoms. Secondary care referrals
were arranged to exclude epilepsy, space-occupgsign etc.

We found that all TWELVE subjects were B12 defitigdnce the deficiency was adequately
corrected, theilattacks'that had troubled them for years and caused tercihcern to the
clinician and the family have gone away for gookey are now able to lead a normal and full
healthy life.
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B12 deficiency and single limb paralysis:

A 17 year old female subject initially presented vagtreme lethargy, depression, unexplained
faints and falls. She as a direct result of tha#ie Sustained various injuries for almost 1 year.
We suspected B12 deficiency and the blood testirwoed this. The treatment programme was
commenced promptly. Unfortunately during this tishe suddenly developé&ingle limb
paralysis'of herleft leg(motor and sensory loss of the left leg, below keeel) She was
admitted to hospital and extensive investigatiamden the orthopaedic and neurologist
colleagues did not provide the reason for of thden paralysis. She had been on crutches
during this time. However following 6 months Blplacement therapy she began regaining
power and sensation from the knee downwards. dthan 3 months time she was able to throw
away both crutches and walk normally. She is stititinuing with monthly B12 injection.
Unfortunately she is left with residual loss of s&tion at the lateral aspect of the left foot.

Prevention of Heart DiseaseBoth low B12 and low folic acidauses accumulation of
homocystinen the circulation, which leads to Heart Diseasthetoslerosis and CVA. The
possibilities of these conditions ever developiag be substantially reduced by diagnosing and
treating these deficiencies while simultaneoustiuceng hypercholesterolaemia

Mother and Child and use in pregnancy:

Just as folic acid is essential during pregnandy, 8lso will benefit the mother and baby, as
additional amounts of B12 is also required for cetl maturation, brain, myelin and gastro-
intestinal tissue formation. B12 is also esseffitiakkin and hair growth. B12 supplementation
(25-50mcg) during pregnancy and post natally wauélent the mother developing depression,
tiredness, hair loss, dizziness and anaemia. Aenatho is a known sufferer of B12 deficiency
should continue with monthly B12 injections duripggnancy in order to prevent the baby
developing serious neuro muscular damages.

Vegetarians, Vegans and B12 Deficiency:

Few vegetarians in our subject group have presemtacheuro-psychiatric symptoms, requiring
B12 replacement therapy as they were unwillingh@ange their eating habits. A pregnant
mother who was a vegetarian required B12 replacetogrevent irreversible damage to her
baby including sub acute combined degeneratiohetord.

Food Fortification and use of supplements:

There may also be a case for treating early Blidaty with B12 supplements and even to
consider the fortification of staple foods with B12

Safety & Compliance:

No major adverse events were observed during gagnent period. Subject compliance to both
the treatment regimes was equally gbedause of the dramatic improvement in symptoms and
the general feeling of well-being. Therefore, theses no drop out from the treatment
programme. Also, no treatment related complicatisase observed during or after the
treatment

What health risk of too much Vitamin B12:
No evidence on effects of high doses (recent Ewopmion Court Judgment)

The institute of Medicine of the National AcadenfySaience did not establish a tolerable upper
intake level for this Vitamin because Vitamin Bl&sha very low potential for toxicity.
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The importance of early diagnosis and treatment:

Early diagnosis and treatment remain importantr@venting permanent damage. A therapeutic
trial with Vitamin B12 and subsequent close clihifcélow up is always worthy of consideration
in all suspected B12 deficient sufferers.

Screening for B12 deficiency while routine blood t& is done for other disease management:

Because of the seriousness of the abnormalitiesedaloy cobalamin deficiency and their
responsiveness to treatment, it would be ideakifcauld screen broadly for this disorder.

Risk factors to consider, if there is failure to dagnose or delay in treating:

Cobalamin (B12) deficiency is no longer a relatyverely observed disease but a dramatic
disease with a fatal outcome. In many cases itsfesation can be eliminated rapidly and
completely by replacement therapy.

Failure to diagnose and not to promptly treat Béfiaiency at any stage (Stage I-1V) due to any
reason (usually lack of awareness) will have serinical consequences.

Delay in diagnosing and treating this conditionlwekult in neuro-psychiatric symptoms
becoming permanent (irreversible damage) if replece therapy is not initiated early in the
disease process.

The strongest predictor of post treatment residaalage was pretreatment severity and duration
of symptoms.

Discussion:

The clinical picture is of the utmost importanceenhinterpreting a Vitamin B12 assay result.
Meticulous clinical assessment including assesswfenther auto-immune conditions and taking
family history is important, given that a singlee@ test is not available so far. Empirical
treatment (therapeutic trial for 3 months) to assasy clinical response is most certainly a
sensible option, especially when the diagnosi®isartain.

This study highlights the fallacies of solely relgion serum Vitamin B12, Hb% and MCV to
arrive at a diagnosis of B12 Deficiency (Addison@miteria) and emphasising the importance of
taking into account the overall clinical picture.

The dietary pattern of the subject data shows B deficiency is prevalent in the non-
vegetarian community too. It is also evident timatontradiction to the earlier belief, the disease
is more prevalent in healthy young adults thanetderly population.

B12 deficiency presents with neuro-psychiatric sionms far ahead of its other manifestations.
Treatment improved the symptoms and had no magatrtrent related complications.
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Conclusions /Recommendations

B12 deficiency should be suspected in all subjpatsenting with neuro-psychiatric
symptoms.

Subjects presenting with neuro-psychiatric symptshsuld have FBC, B12, Folic
Acid, TSH and U&Es estimation carried out

When clinically B12 deficiency is suspected, haematscreening (B12 and folic
acid levels) should be carried out by the labosateven if Hb% and MCV are
reported normal.

B12 deficiency should be suspected even in nontaeiges and healthy young
adults.

Serum B12 estimations is a cheap and effective odetii diagnosing the condition.
Haematological manifestations of B12 deficiency @/&onian criteria low Hb% |,
>MCV) may be present only at a very late stageg&i&) than neuro-psychiatric
symptoms.

Patients without anaemia or MCV elevations are comgnseen and tend to have
increased/severe neuro-psychiatric involvement

More awareness should be created among the profedsi regarding this
condition.

The prevalence of this condition (B12 Deficiency ttwiNeuro-Psychiatric
Symptoms) is 10 to 13% as opposed to the currehefbef 0.06% - 0.2%
(Pernicious Anaemia presenting with anaemia aacdratytosis).

Once diagnosed and the deficiency corrected adelguatreatment can be
suspended.

However lifelong monitoring (annual estimation efem B12) is imperative.
Lifelong treatment is initiated as per the Pathviary Care, B12 deficiency with
symptoms for any subjects whose level drop betweg@eriod of 6 months to 3
years and neuro-psychiatric symptoms re-appear.

Thus lifelong treatment is only given to B12 dediai patients when the deficiency
is due to irreversible malabsorption or malutilisat

Delay in diagnosing and treating of this conditiwil result in neuro-psychiatric
symptoms becoming permanent

The clinician must be aware that the syndrome obalmin deficiency with
predominant neuro-psychiatric symptoms may alsouoa subnormal (over
300ng/l) serum cobalamin concentration .

The normal range of serum Vitamin B12 level in study is 300 to 900ng/l and
NOT 200 to 800ng/l. This concurs with the nornaaige quoted by other authors.
Oral medication (Tab Cynacobalamin 50-300mcg) ieotfve in some cases
(functional cobalamin deficiency, malnutrition, egrianism). Following a trial
period of 3 months, a clinician can recommence rgaral therapy if absorption
and response is insufficient

However our study as well as reports from otherrsgal has confirmed that oral
Vitamin B12 in high doses (1000 to 2000mcg dai/gs effective as IM injections
even in patients with PA or ileal resection.

The high dose oral regime has been shown to beasafecost effective and well
tolerated by patients.

Though a prospective studgouble blind placebo controlled cross over triaipy

be desirable for some, such a study is not abdplaesential to validate the
findings/observations of a retrospective study.
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The reasons being:-

1. The clinical improvement each B12 deficierttgua with symptoms experiences is in itself a
strong enough evidence of the therapeutic benkfiteoCobalamin replacement treatment.

2. The re-emergence of symptoms in 'direct agsonl with the steady decline of plasma B12
level (once the treatment has been withdrawn) alswides further undeniable proof for
the benefit of treating this condition promptly ashetisively.

3. When 'B12 deficiency with neuro-psychiatrimpioms'’ is clearly established in a cohort of
patients, to commence them on placebo, even fax enagnths period under an approved
research project has major ethical implications.

4. Once the condition is clinically and biocheatig diagnosed by following th@athwayof
Care B12 deficiency with symptoma/ithholding the treatment even for those six menth
period could result in irreversibility of neuro-pdyiatric symptoms, and leave the subjects
permanently damaged mentally and physically (amtenided unethical consequence).

5. There are findings/observations from quite a bemof prospective and retrospective
studies (audit of routine clinical practice) acrodge world, concurring with our findings.
Ignoring this and then embarking on a 'double blpidcebo controlled cross over trial' is
unnecessary and most certainly unethical.

Please refer to Appendix 2

Placebo Trial VS Therapeutic Trial (Empirical Trewgnt)
See Appendix 2
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Diagnostic Tool, Clinical Guidelines and TreatmBatgime.

B12 deficiency with Neuro-Psychiatric symptomspgtsesenting with Gl,
Haematological and other clinical features.

One or more of these symptoms

Mild, Moderate or Severgslow and gradual onset)

Following a serum Vitamin B12 result below <300ng/I
Patient Presenting with

Weariness / Lethargy

Irritable / agitation / snapy

Premature greying

Alopecia

Apathy

Confusion / delusion

Unexplained hair les

Sleepy / Tired

Headaches

Dry rough skin / biilie nails

Tingling and numbness in hands
and/or feet (Paraesthesia)

Memory disturbance

Pallor, lemon yellow complexion

Shortness of breath

Mental slowness

Mild jaunde

Palpitations

Crying for no reason

Crampy pain 6limbs
(neuropathic pain)

Sore tongue / Mouth ulcers

Depression

Spasticavements limbs

Red beefy tongue / bleeding gums /
glossitis

Mood swings

Stiffness of limbs

Cracking at the angles of mouth Loss of libido Weakness of or loss of sensation
of limbs
Loss of taste/ unusual taste Anxiety Genitouriry problems

Gastric symptoms / heartburn /
flatulence

Panic attacks

Incontinence of bladder and
bowel

Intermittent diarrhoea / crampy
abdominal pain

Faint, seizures, Falls
Dizziness

Heavy periods / lower abdominal
cramps

Loss of appetite / loss of weight

Blurring of vien or loss of vision
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Also presenting with clinical features

Unexplained anaemia

B12 deficiency of pregnancy

Ca stomach / Ca colon / Renal
cancer

Normal or raised MCV

Crohns disease

Bulimia /aarexia

Vegetarian / Vegan

Colitis

Presence of other smimmune
disease

Malnutrition / poor diet / alcoholism

Coeliac dizase

Myxodema, thyrotoxicosis,
vitiligo

IF / Parietal cell antibodies positive

Strong farity H/o
PA/Bl12deficiency

Hypoparathyroidism

Partial gastrectomy / ileal resection

Deoxyuridie suppression test-
abnormal

Multiple sclerosis

Chronic gastritis / H.pylori positive

Serum MMA, homocystine level —
raised

Older patients > 65

Gastric atrophy

Low BP, tachycardia

Fair haired blue eyed of North
European ancestry (rare in
Africans and Asian’s)

Achlorhydria

Oral Contraception

Cardiac enlargement, ankle
oedema

Prolonged use of histamine H2
receptor blockers or proton pump
inhibitors

Neurological Features
(That may be present

Sub acute combined degenerations
Involvement of lateral column

Brisk knee jerk

Neuropathy:- Extensor plantar

Impairment of touch / pain and temperature sensatia in the Concomitant peripheral nerve and posterior colummvolvement
distal limbs Flaccid paralysis

Loss of vibration sense Muscle wasting

Romberg’s positive Atonic bladder

Paraesthesia, absent reflexes
Neuropathic pain (one sided)

Single Limb paralysis

Visual impairment due to :-
Haemorrhage

Optic atrophy (retrobulbar neuritis)
Contraction of visual field



EXCLUSION

Exclude

Depressive illness Vasovagal attacks Cranio pharyagma

Phobic anxiety state Partial seizure Temporal arteritis

Neurosis Epileptic Seizure Gastric, colon and renal cancers
Bulimia Brain tumour

Anorexia nervosa

Additional Investigations

Base line investigatiorsvailable locally

EssentialFBC ( Hb% MCV) Blood Sugar
Folic acid, B12, TSH, Parietal cedintibody titre, IF
antibody, peripheral blood film

Other testd FT, U&Es, Lipids, thyroid antibodies,
Electrophoresis, rheumatoid faot, ESR, bone marrow,
S.Ferritin .

Ps. In P.A, anaemia and macrocytosis, (megalobpatially develops gradually, over several yearsilibis severe (stage 1V).

Other diagnostic tes{gither not widely available or not essential for chgnosis)

Schillings testVitamin B12 absorption)
Estimation of homocystine and methylmalonic acid (at widely available, £100 per test)

Therapeutic tria Data sheet and experts recommendation)

Gastric biopsy, H.pylori test

Radioactive B12 absorption test (alone or with IF)
Deoxyuridine suppression test

Gastric secretion studies

Barium meal / endoscopy
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Diagnosis in early stages

Hb% normal or marginally low

MCV normal or marginally raised

B12 low or low normal level with symptoms (<300ng)land clinical features
Folic acid normal in most cases

Parietal cell antibodies positive in 5% cases

Gastritis, H.pylori +ive in a small percentage of ases

Incidence of other auto-immune diseases quite prelent

Diagnosis in late stages of the disease

Low Hb% anaemia

MCYV over 100, Poikilocystosis, anisocystosis, ovadacrocytes in peripheral blood film
B12 level low with symptoms and clinical features

B12 <150 <200ng/|

Bone Marrow shows megaloblastic cells

Neuro-psychiatric symptoms (B12 neuropathy) can beevere and irreversible

Dietary B12 deficiency

Dietary B12 deficiencythis may also be established as the cause of \it&hR deficiency by prescribing a daily dose (18@+hcg) of oral vitamin B12 tablets. A
positive response indicates dietary B12 deficiency.
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Suspected Vitamin B12 Deficiency

Haematologic, Neurologic or Psychiatric abnormai
Gastric or ileal surgery
Prolonged o$distamine Hreceptor blockers or proton pump inhibitors
Chronic gastrointestinal symptoms
Suspect infll age groups

Measure serum vitamin,Band Recheck vitamin B and
folic acid levels folic acid levels
S Folic acid Treat with
Folic acid normal low — folic acid

'

Serum vitamin B, Level

l l l

<150 <200 ng/l _ 200 to 300 ng/l >300 — 350 ng/l
(with symptoms + other features)With symptoms + other features)

l

Check serum methylmalonic acid and homocystein: No vitamin B deficiency

Vitamin Bredeficiency (test not available tlﬁ\é?:i\s eutic trial and review) (except in subtle cobalamin deficiency
' P when symptoms + features present)

Please refer to Lead GP for Treatment as per Pathw

I | ]

Either level is Both levels are
elevated normal
Vitamin B,,deficiency No vitamin By, deficiency
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B12 Deficiency with Neuro Psychiatric Symptoms

With or without Haematological and Gastrointestinal Symptoms & Clinical
Features

Serum B12 level <300ng/l

I
B12 Level <150ng/1 <200ng/1
Symptoms Moderate to Severe with 1or more clinical features

1
Therapeutic Trial for 3mths
l \
Good response Poor Response

Continue the regime for another 3mths Refer back to Lead GP

Clinical Review at 6mths
Serum B12 level normalizing and symptoms disappearing
4
Continue treatment regime for the full Iyear
}
Clinically review, Serum B12
Normalised
>900 — 2000ng/1

e R

Continue treatment for a further Stop treatment and
6mths to Iyr Clinically review 6monthly
(at the discretion of the Lead GP) (at the discretion of the Lead GP)
!
Stop treatment and B12 level drops and symptoms
Clinically review 6 monthly reappear
No drop in B12 level Resume treatment regime
No reappearance of symptoms Continue treatment for life
And
Clinically review annually Review annually

If at any future review if B12
level drops and symptoms
reappear
Resume B12 treatment
programme and continue for life
Review annually
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Appendix I
Vitamin B12 Deficiency
Placebo Trial VS Therapeutic Trial (Empirical Treatment)

Double Blind Placebo controlled trials are onlytedito the evaluation of one chemical product ttlaer less known
substance.

This is only suited to the promotion of chemicadguicts. This particular methodology is not suit@thie clinical
evaluation of ‘Deficiency Disorder’.

In this case the effects of Vitamin B12 on the egriof diseases caused as a direct result of itddhP Deficiency.
Physiological states of each individual’'s body d®&iae the initial symptoms and complications ofavitin B12
Deficiency.

This is why these symptoms producing Vitamin B12i@ency states have traditionally been labelledrasy

different disease conditions.
It is chronic B12 Deficiency over a period of mayears, that has caused most of the disease matibesin our

Patient Population (582pts, 10.13%)
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Placebo Trial Vs Treatment Free Period

THE IMPACT (CLINICAL CONSEQUENCES) OF THE‘'TREATMENT FREE PERIOD (6MTHS TO 2YRYS)
IS AKIN TO, AS IF THE SUBJECTS WERE GIVEN ‘PLACEBO’ DURING THIS POST TREATMENT
FOLLOW UP PERIOD

1200 -

1000 -

800+
600

400

200+

This phenomenon of rise (signs & symptoms disap@ear fall (signs & symptoms reappear) of plasma Bével is of
great clinical significance. This subject grouppaitients will require lifelong B12 replacement tne@nt. The cause of
this dramatic fall of B12 level is due to irrevdat@ malabsorption or malutilisation of B12, rathéan due to
malnutrition, vegetarianism, functional or transtebobalamin deficiency.
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