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Executive Summary

The objective of this report was to conduct a review to determine:

1. The current teaching on recognition and diagnosis of vitamin B12 deficiency in Australia and
New Zealand medical schools. If this differs from current practice, describe the current
diagnostic approach used by the medical profession.

2. the appropriate criteria for determination of vitamin B12 deficiency in Australia and New
Zealand

3. the prevalence of those at risk of vitamin B12 deficiency in Australia and New Zealand,
including identified subgroups such as those over 50 years, vegans etc

4. whether folic acid intakes up to 1.0mg/day improve the haematological sequelae of vitamin
B12 deficiency.

The method to determine current teaching in Australian and New Zealand medical schools used
was the most methodologically sound given the short time frame for the completion of the report.
The remaining parts were approached by systematic reviews of the literature, hand searching,
email contacts and approaching key informants for unpublished data.

No standard approach to teaching medical students could be located, given the number of
problem based learning programs. There is variation in the levels of serum B12 taken as
indicativé of B12 deficiency, and laboratory derived standards depend on machines and
reagents used, often being supplied by manufacturers.

The prevalence of B12 deficiency and insufficiency is variable but may be up to 25% of elderly
people and higher among vegetarians who do not take supplements.

It is recommended that more appropriate points for the determination of deficiency be identified
and that this be from epidemiological studies where increased risk is identified.

There is no evidence that at intake levels of 1mg of dietary folate equivalents, that masking of

B12 will occur.
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Introduction

Food Standards Australia and New Zealand (FSANZ) are currently investigating mandatory
fortification with folic acid. The aim of mandatory fortification with folic acid is to reduce the
incidence of neural tube defects. Additionally there are several other heath benefits that
increased intake of folic acid may produce, this includes its positive effects on homocysteine and

cardiovascular disease, along with cancer (1).

Despite these encouraging outcomes, the issue of the risks associated with mandatory
fortification with folic acid must also be explored. One such risk is the suggestion that high levels
of folic acid intake may resolve the anaemia associated with vitamin B12 deficiency (2). This is
referred to as the ‘masking’ of vitamin B12 deficiency. This is of particular concern in population
groups at risk of vitamin B12 deficiency such as those over 50 years of age and vegans (2).
Reviews have generally concluded that folic acid intakes up to greater than 5mg/day improve the
anaemia of vitamin B12 deficiency, where as at levels up to 1mg/day no such effect can be
concluded (2-4).

The draft for the Nutrient Reference Values for Australia and New Zealand has suggested an
upper intake limit for folate from fortified foods or supplements of up to 1mg/day for adults aged
19 years and over, along with those who are pregnant or lactating (5). Therefore with respect to
the masking of vitamin B12 deficiency by folic acid the issue is whether intakes up to 1mg/day
will cause this suggested masking effect.

Flood et al in a study of 2895 people aged over 49 years found that at current levels of voluntary
folic fortification in Australia 0.4% of the study population were consuming over 1mg/day of folic
acid. It was estimated that this would increased to 0.5% with mandatory fortification (6). This
provides evidence which suggests that subsets of the Australian and New Zealand population

will be consuming up to and greater than 1mg of folic acid per day.

Therefore, firstly evidence is required to support or refute the hypothesis that folic acid intakes
up to 1mg/day improve the haematological sequelae of vitamin B12 deficiency. Secondly, to
assess the effect of masking of vitamin B12 deficiency caused by folic acid on the population,
prevalence of deficiency within the Australian and New Zealand population must first be
evaluated, particularly among the at risk groups previously mentioned. In doing so the
appropriate criteria for definition of vitamin B12 deficiency must be determined, to ensure
prevalence data has been assessed correctly. Finally given that the diagnosis of vitamin B12
deficiency requires further investigation than solely the associated anaemia, current teaching in
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Australian and New Zealand medical schools will be reviewed to show the extent to which

reliance is placed on the haematological sequelae of vitamin B12 deficiency for diagnosis.

Objectives

To conduct a review to determine:

1. The current teaching on recognition and diagnosis of vitamin B12 deficiency in Australia and
New Zealand medical schools. If this differs from current practice, describe the current
diagnostic approach used by the medical profession.

2. the appropriate criteria for determination of vitamin B12 deficiency in Australia and New
Zealand

3. the prevalence of those at risk of vitamin B12 deficiency in Australia and New Zealand,
including identified subgroups such as those over 50 years, vegans etc

4. whether folic acid intakes up to 1.0mg/day improve the haematological sequelae of vitamin
B12 deficiency.
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Part One

The current teaching on recognition and diagnosis of vitamin B12 deficiency in
Australia and New Zealand medical schools. If this differs from current practice,
describe the current diagnostic approach used by the medical profession.

Method

To determine the current teaching on recognition and diagnosis of vitamin B12 deficiency in
Australia and New Zealand medical schools the following steps were taken;

1. The Committee of Deans of Australian Medical Schools, the Australian Medical Students
Association and the Australian Medical Council were contacted regarding curriculum content
in Australian and New Zealand medical schools relevant to vitamin B12 deficiency.

2. A survey was sent to senior academics of all Australian and New Zealand medical schools
who are members of the Committee of Deans of Australian Medical Schools. Additionally
specific teaching staff from the disciplines of geriatrics, haematology and neurology who
were nominated by members of the Hunter Ageing Research Network (a network of
clinicians and researchers interested in ageing) were also surveyed. The survey aimed to

determine current teaching practices.

3. Common medical textbooks used in some Australian and New Zealand medical schools,
which were made available from information provided by medical librarians, were reviewed
for relevant information regarding vitamin B12 deficiency.

4. Two journals; the Medical Journal of Australia and Australian Family Physician were
searched online from 1996 and 2002 respectively. The search terms; vitamin B12 and
vitamin B12 deficiency were used. These two journals were chosen as they are routinely
available to medical students and commonly include summary articles on diagnosis

5. The internet search engine Google, was used to search the World Wide Web, using the
search term ‘vitamin B12 deficiency. The first twenty results were reviewed; those which
were relevant to the recognition and diagnosis of vitamin B12 deficiency and from sources
which students would consider as reputable and authoritative were retrieved and data
extracted. Such a search was conducted as it shows with information is readily accessible by

students.
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All information provided from the five sources will be presented to highlight the current

information a medical student may be presented concerning vitamin B12 deficiency.

Results

1.

The curriculum content regarding vitamin B12 deficiency from Australian and New Zealand
medical schools was not available from the Committee of Deans of Australian Medical
Schools, the Australian Medical Students Association and the Australian Medical Council . It
was found however that the majority (at least 11/20) of the medical schools in Australia and
New Zealand are now using problem based learning, at the very least as a component of
their program. Therefore it is unlikely that there is strict curriculum that exists regarding ‘how
to’ diagnose vitamin B12 deficiency.

The survey of deans had a response rate of 11% (2/18 ). One university which replied was
unable to provide specific information as its program was solely problem based learning. The
other stated the topic of B12 deficiency is taught through out the course, but specifically with
nutritional assessment. As part the teaching of nutritional assessment the specific vitamin
deficiencies discussed would rely on the questions of the students. Otherwise students
would become aware of diagnosis in clinical cases, should they encounter patients or cases
with vitamin B12 deficiency.

Textbooks from two universities’ medical students reading list were reviewed, of which 12
included information regarding the diagnosis and/or recognition of vitamin B12 deficiency. Of
the textbooks 3 were pathology, 1 general practice, 3 haematology, 2 general medical, 1
neurology, 1 medical nutrition and 1 geriatric textbook. The information retrieved from the
textbooks is outline in Table 1

One article was retrieved from the Australian Family Physician. No relevant articles were
found in the Medical Journal of Australia. The data extracted was reviewed with that from
medical textbooks (Table 1).

The search of the world wide web using the internet search engine google, produced 5
documents which were deemed to be from reputable sources and relevant to the recognition
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and diagnosis of vitamin B12 deficiency. Of these 3 focused on the anaemia of vitamin B12

deficiency.

Discussion
The method to determine current teaching in Australian and New Zealand medical schools used
was the most methodologically sound given the short time frame for the completion of the report.
Ideally information from medical schools regarding their curriculum would have been more highly
sought after and not based solely on the response to an email survey. However, given the
current trend in the use of problem based learning in both Australian and New Zealand medical,
it is possible that exactly what is being ‘learnt’ by medical students may not have even been
available from academics, due to the self-directed nature of this style of learning. Therefore the
‘best’ approach would have been to contact the students themselves. Such a method has been
used previously to discover the knowledge of medical students regarding cancer biology,
“management and epidemiology. Students were surveyed on the first day of internship with a

response rate of 84%

Standard reference and text books, available to medical students, reviewed for this report (n=12)
were selected from a range of subject areas. The majority of information regarding vitamin B12
deficiency, including aetiology, diagnosis and management was found in chapters relating to
anaemias. All ‘anaemia’ chapters specifically included vitamin B12 deficiency neurological
complications with the exception of the practice text (25). Given that the older population is
at greater risk of vitamin B12 deficiency (16, 55) a more extensive search of specialist
geriatric texts would have been beneficial. The geriatric text edited by Ratnaike (2002) (26) was
selected as it is a current Australian text.

Tables one provides a summary of information regarding vitamin B12 deficiency sourced from
the reviewed texts. Traditionally, diagnosis of vitamin B12 deficiency has been based on clinical
evidence and serum vitamin B12 results (16). This was found to be the recommendation in 15
references. Caution should be taken when interpreting serum B12 results, as studies have
shown that vitamin B12 deficiency neuropsychiatric disorders have been found to occur
commonly in individuals whose serum B12 levels were above 150 pmol/L and in whom anaemia
and macrocytes were absent (56) (30). In these cases serum MMA, which has a high sensitivity,
and serum homocysteine tests were used to diagnose vitamin B12 deficiency (56) (16). These
subjects showed neurological disorders associated with B12 deficiency in the absence of
anaemia or macrocytes (56). The majority of texts refer to the Schilling test as an option in
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diagnosing the cause of the vitamin B12 deficiency. In practice, this test has poor sensitivity and
is generally unavailable in Australia (15).

Conclusion

It is not possible to identify specific medical curriculum relating to the diagnosis and recognition
of B12 deficiency. There is a range of materials available, but it remains with medical
practitioners to be alert to the neurological sequelae of deficiency or early signs of insufficiency.
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Part Two
The appropriate criteria for determination of vitamin B12 deficiency in Australia

and New Zealand

Method

To determine the appropriate criteria for determination of vitamin B12 deficiency in Australia and
New Zealand the following websites were searched;

- Royal Australian College of General Practitioners (www.racgp.org.au)

- Royal Australian College of Physicians; Internal Medicine-Adult Medicine Division

(www.racp.edu.au) and,

- Royal College of Pathologists Australasia (www.rcpa.edu.au)

The following search terms were used:
- Vitamin B12 deficiency
- Vitamin B12 deficiency and diagnosis
- Vitamin B12 and testing or tests

Additionally data collected in part one regarding the appropriate criteria for determination of
vitamin B12 deficiency was also used..

Results

Of the 3 college websites searched only the Royal College of Pathologists of Australasia
included information regarding the diagnosis of vitamin B12 deficiency (Figure 1.). Of the two
other websites, one could not be accessed by the general public and the other had no
information available regarding vitamin B12 deficiency. Notably all websites had members
section which may have included more information, but could not be accessed for this report.
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Figure 1. Resulits regarding appropriate diagnosis of vitamin B12 deficiency

Suggested tests for Vitamin B12 deficiency
FBC, blood film, differential WCC, platelet count.
Vitamin B12 and folate assays.

Bone marrow aspiration only occasionally required for diagnosis and/or confirmation.
Review clinical features for likely cause.
Methylmalonate, plasma or urine, has been used to monitor treatment.

Serum vitamin B12 specifically

Reference interval: 120-680pmol/L
Investigation of a patient with high MCV and/or morphological changes suggestive of
megaloblastic anaemia

Source: Royal College of Pharmacology Australasia RCPA Manual (available:
http://www.rcpamanual.edu.au)

Discussion

For the purpose of this review the serum vitamin B12 reference range of 120 - 680 pmol/L (2),

used by The Royal College of Pathologists of Australasia (RCPA) has been assumed to be gold

standard. This range is found in the RCPA manual, however the research supporting this range

has not been detailed.

There are a variety of methods that can be used when deciding on reference ranges. Namely i)

normative values, two standard deviations from the mean using the general population as a

reference, i) aged specific normative values and iii) clinical values from epidemiological studies

at below which there are increased risk of neurological sequelae. Further, given the criteria

currently used to determine reference ranges for serum B12 estimation none of the published

cut-points may be associated with increased risk of significant neurological sequelae. The

variations in the range of normal serum vitamin B12 is not surprising given the fact that ranges

depend the variables of the make of machine, reagent used and the variations in sample

populations used to calculate standard deviations from normal.
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There is a wide range of published estimates for the lower limit of normal serum vitamin B12
levels (57). This is due in part to the lack of a consistently defined gold standard for the
diagnosis of vitamin B12 deficiency (1). The method of testing can result in different reference
ranges. Serum tests done by immunoassay typically giving a higher normal range (eg 146-
880pmol/L) than the older microbiological assay method (eg 117-660 pmol/L). Current research
indicates that relying on a serum B12 lower limit of 120 pmol/L for diagnosis would result in
individuals with clinically significant B12 deficiency being overlooked.

Conclusion

The estimates of the prevalence of B12 deficiency depend on the specific level selected for
indication of deficiency. This is variable and depends on laboratory values which in turn can
depend on machines and reagents. It would be better to identify the level at which risk is
increased and to use this as the defining level.
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Part Three
The prevalence of those at risk of vitamin B12 deficiency in Australia and New

Zealand, including identified subgroups such as those over 50 years and vegans

Method

To determine the prevalence of vitamin B12 deficiency in Australia and New Zealand a
systematic review was conducted.

Criteria for considering studies for this review

1. Types of studies

The review aimed to include random sample surveys, cross-sectional surveys and cohort
studies. Along with experimental studies that have measured vitamin B12 deficiency at baseline,
prior to intervention.

2. Types of participants
Participants include Australians and New Zealanders with vitamin B12 deficiency. This includes
groups at risk of vitamin B12 deficiency including; the elderly and vegetarians.

3. Types of interventions
This review aimed to include non-experimental studies and data from experimental studies prior
to intervention, therefore specific interventions need not be specified.

4. Types of outcome measures
Percentage or number of participants with vitamin B12 deficiency.

5. Search strategy for identification of studies
The review consisted of a search of published and unpublished literature in the English
language. The following databases were searched: Cochrane, Medline/PubMed/Premedline,
Cinahl, Ebsco Megafile Premier, Embase, Science Direct
The following search strategy was used:

e Vitamin B12 deficiency

¢ Prevalence OR incidence OR rate OR frequency OR proportion

e Australia OR New Zealand

e 1&2&3
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Additionally bibliographies and reference lists of articles retrieved were searched for relevant

literature.

Key informants from major longitudinal studies conducted in Australia were contacted regarding
relevant data. This included the;

e Hunter Community Study

e Sydney Older Peoples Study

¢ Blue Mountains Eye Study

e Australian Longitudinal Study of Aging

o Busselton Study

Part Three and Four
For both this and the following part (p38) the following methods were used.

Selection Process

All studies identified from the search of databases were assessed for relevance against the
inclusion criteria of the review based on the information contained in the title, abstract and
descriptor. Those that were relevant were retrieved.

Methods of the review

1. Critical Appraisal

All studies that meet the inclusion criteria were included in the review. Each study was judged by
its level of evidence, based on the National Health and Medical Research Councils Levels of
Evidence (7) .

2. Data extraction
Data were extracted regarding the:
o study design,
o existence of randomization,
e existence of blinding,
o date and/or duration of the study/intervention,
e inclusion criteria of participants,
e baseline characteristics of participants,
e setting
e outcome measures and,

e results
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3. Data synthesis
Results are recorded in a narrative summary. Results from part four will be classed as either;
s convincing evidence
e probably evidence
e possible evidence
¢ insufficient evidence
based on the FSANZ guidelines for classifying the likelihood that the assessed evidence is

substantiated .

Results

Eleven studies were deemed appropriate for inclusion (Table 3). A total of 8625 participants
were included in these studies. Of these 7 were set in Australia and the remaining 4 in New
Zealand. Participants included:

o Seventh Day Adventists (n=2) who were studied due to their vegetarian status,

e The at risk age group of >50 years (n=7)

e Indigenous Australians (n= 1), and

¢ Adults (n=1) with participants aged 20-90 years
The majority of studies were cross-sectional surveys (n=8), with the other data coming from
cohort studies (n=2). Vitamin B12 deficiency was assessed using serum vitamin B12 in all
studies retrieved. Criteria for identification of vitamin B12 deficiency from serum levels varied
between studies with the lower cut off point of reference ranges from 104pmol/L to 221pmol/L.

In the Australia and New Zealand studies retrieved the percentage of participants with vitamin
B12 deficiency ranged from 0.4% to 73%. In the ‘at risk’ population of those aged greater than
50 years deficiency ranged from 7.3% to 53%, using reference ranges from 135 to 185pmol/L to
define vitamin B12 deficiency. Notably one of the these studies excluded those taking vitamin
B12 supplements (29). Studies in Seventh Day Adventist vegetarians found levels of deficiency
at 21.7 and 53 % using reference ranges from 118 to 171pmol/L to define vitamin B12
deficiency. A study of indigenous Australians found levels of vitamin B12 deficiency at 1.2% (n=
365). One study of an adult population found levels of deficiency at 0.4% using a reference
range of less than 160pmol to define vitamin B12 deficiency.
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Discussion

The systematic review of the prevalence of vitamin B12 deficiency in Australia and New Zealand
raised several issues regarding the ‘true’ prevalence of deficiency. It has been noted that the
RCPA recommends a reference range of 120 to 680pmol/L for serum vitamin B12, which
suggests a ‘deficiency’ exists at less than 120pmol/L. However the studies involved in the
systematic review included vitamin B12 deficiency existing from serum vitamin B12
concentrations of 104pmol/L to 221pmol/L. This suggests there is a margin of both under and
over estimation of prevalence of vitamin B12 deficiency among some study populations.
However as previously noted the reference point of <120pmol is low and higher cut off points for
serum vitamin B12 have been recommended, particularly for use with the elderly (58)

The results of an unpublished study which used less than 135pmol/L serum vitamin B12 to
define deficiency shows that when a reference range of <120pmol is used deficiency would fall
from 10.5% to 5.8%. This equates to a 5% decrease in absolute prevalence, for a decrease of
only 15pmol/L of serum vitamin B12. Likewise Flood et al show variations in vitamin B12
deficiency in an Australian population aged greater than 49 years of 15.7% with an increase of
the reference range for serum vitamin B12 by 60pmol/L. Without nationally accepted diagnostic
criteria, the true prevalence of clinical relevant vitamin B12 deficiency will remain unknown.

Despite the limitations of the unavailability of a ‘gold standard’ to define vitamin B12 deficiency
the results regarding the prevalence of vitamin B12 deficiency suggests prevalence levels are
relatively high. In the ‘at risk’ population of those aged greater then 50 years prevalence ranged
from 7.3 % to 33%. Similar values have been recorded among the older population throughout
the world, with prevalence of deficiency ranging from 3.0 to 40.5% (59). Notably, once again this
vast range highlights the inconsistencies in defining ‘deficiency’. As serum vitamin B12 levels
decrease with age (58) the older population is at increased risk of vitamin B12 deficiency, this
coupled with the aging population of Australia and New Zealand, it suggests that the
prevalence of deficiency at a population level in both countries will continue to increase.

Vegans are those who consume no animal products and refrain from the use of animal products
such as leather or wool. Vegans are at increased risk of vitamin B12 deficiency as dietary
vitamin B12 is available only from animal products. Therefore an effort must be made by vegans
to ensure adequate vitamin B12 intake (60). The systematic review was unable to retrieve any
studies concerning prevalence of vitamin B12 deficiency among vegans in Australia and New
Zealand. A search of the literature was also unable to find the prevalence of veganism within the
| The LrVERIITY 31
af MEWCASTLE

T




two countries. The 1995 National Nutrition Survey reported that 3.7% of Australians classify

themselves as vegetarian (56). Of which one can assume that a proportion of would be vegans.

Although this does not represent a major proportion of the population, the issue of vitamin B12
deficiency among Australian and New Zealand vegans is one that should be explored
further(33,39).

It is also important to note that further data regarding the prevalence of vitamin B12 deficiency
may be available from longitudinal studies undertaken in Australia including;
 the Sydney Older Peoples Study, where data are available, so contact with chief
investigators may be required and,
e Hunter Community Study would be able to provide data from stored bloods if

funding was made available for analysis

Conclusion

The prevalence of B12 deficiency relates to the criteria for deficiency selected. However, it can
reasonably be expected that about 25% of the older population have at least B12 insufficiency.
In the vegetarian population estimates of deficiency as high as 70% have been found.
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Part Four

Whether folic acid intakes up to 1.0mg/day improve the haematological sequelae
of vitamin B12 deficiency.

Method

To determine whether folic acid intakes up to 1.0mg/day improve the haematological sequelae of
vitamin B12 deficiency a systematic review was conducted.

Criteria for considering studies for this review

1. Types of studies

The review aimed to include randomised control trials (RCT) or systematic reviews which
evaluate the impact of folic acid intakes up to 1.0mg/day on the haematological sequelae of
vitamin B12 deficiency. In the absence such studies, other research methods such as non-
randomised control trials, longitudinal studies, cohort (both retrospective and prospective), case-
control studies, time series and case series, were used to evaluate the impact.

2. Type of participants
Any studies involving humans were included, whilst those using animals were excluded.

3. Types of interventions
Interventions of interest were those that include the addition of folic acid to the intakes of
participants, whether through direct dietary consumption, fortified foodstuff or supplementation.

4. Types of outcome measures
Outcome measures that were included were; changes in
 no of participants with vitamin B12 deficiency with/without anaemia

e Mean cell volume, haemaglobin, reticulocyte count

5. Search strategy for identification of studies
The review consisted of a search of published and unpublished literature in the English
language. The following databases were searched: Cochrane, Medline/PubMed/Premedline,
Cinahl, Ebsco megafile Premier, Embase, Science Direct
The following search strategy was used:

e Vitamin B12 deficiency OR vitamin B12

¢ Folic acid OR folate
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o 3-1&2
e Limited to humans
Additionally bibliographies and reference lists of articles retrieved were searched for relevant

literature.

Results

A total of 13 studies met the inclusion criteria (Table 4.). The study designs used were; quasi-
experimental (time series) (n=4), case studies (n=5), cross-sectional surveys (n=2) and pre-test
post-test studies (n=2). No studies of high level evidence (I-1112), based on the criteria of the
NHMRC were retrieved.

The studies with interventions (n=11) focused on supplemental folic acid, either orally (n=7) or
intravenously (n=1) or both (n=2), along with the fortification of foods with folate (n=3). Three
studies included levels of folic acid ess than 1mg/day, whilst 7 included levels greater than
1mg/day. 2 studies included both treatment with greater than 1mg/day and less than 1mg/day.

Level 111-3 evidence from time-series studies raised the following issues:

e Two of the studies used the outcome measures of the existence of haematological
remission and/or neurological remission in participants at follow-up following
supplementation with folic acid of greater than 1mg/day. Neither study was able to show
an insignificant level of haematological relapse among participants. Both studies
suggested that neurological relapse can precede haematological remission in B12
deficient subjects consuming folic acid supplements and also that the majority of
haematological relapses occur after greater than one year of treatment with folic acid.
Additionally some participants were able to be remain in haematological remission for
up to seven years (42,43).

o Hansen et al were able to show improvement in the haematological sequale (via
increasing reticulocyte count) of vitamin B12 deficiency in participants (n=3) being
treated with greater than 1mg/day folic acid. Those who were treated with less than
1mg/day (n=9) did not show a consistent improvement (44)

e Mill et al showed no significant difference between the number of participants (n= 1785)
with vitamin B12 deficiency with anaemia, before, during or after fortification of grain
with folic acid. The goal for intake of folic acid following fortification was 1mg/day,
however intake was not measured as part of the study (45).
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Level V evidence from pre-test post-test studies raised the following issues
o Bok et al showed improvements in the haematological sequelae(via improvement in
reticulocyte count) of vitamin B12 deficiency following treatment with 15mg/day of folic
acid for up to 8 days (46).
o Hirsch et al showed despite significant increases in folate concentrations following
fortification of folate there was no significant change in mean cell volume (47, 52)

The included case studies presented results with participants presenting with neurological
manifestations of vitamin B12 deficiency with no signs of anaemia following treatment with folic
acid supplements and levels greater than 1mg/day (47-51) and less than 1mg/day (47,52)

The two cross-sectional surveys inciuded provide varying results;
e Drazwoski et al studied vitamin B12 deficient women who had taken 4-5mg/day of
folate from supplements and showed no signs of anaemia in any of the participants.
Notably the survey included four participants.(50)
e Metz was unable to find a significant relationship between low serum vitamin B12
concentrations and high MCV at varying levels of serum folate concentrations (53)

Discussion

Of the studies retrieved there are seven which the NHMRC do not classify as ‘evidence’. Of the
remaining six studies, there is evidence of level lli-3 and 1V, the two lowest levels of evidence
according to the NHMRC.

As outlined in the results the studies provide varying results. Notably it is mainly the studies
which the NHMRC do not class as evidence that suggest an improvement in the
haematological sequelae of vitamin B12 deficiency. However these studies, mainly conducted
in the 1940s and 1950s, are predominantly case studies, which are unable to show a true
association between the ‘masking’ of vitamin B12 deficiency and folic acid. These studies also
predominantly include levels of folic acid greater than 1mg/day so therefore this does not
suggest that levels up to 1mg/day will produce the same results.

The studies classified as evidence do not provide consistent results that show that the
haematological sequelae of vitamin B12 deficiency is improved by folic acid intakes up to
1mg/day. Whilst two time series studies show existence of haematological remission in
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participants with vitamin B12 deficiency, this is at folic acid intake of >1mg per day (42,43). As
is the results of Bok et al that show improvement in reticulocyte counts in vitamin B12 deficient
participants (46). The two studies which include folic acid intakes of up to 1mg/day do not
support the hypothesis that such levels will improve the haematological sequale of vitamin B12
deficiency.

It should be noted that some studies that were found in the review of the literature were unable
to be retrieved given the short time frame of the completion of this report. (Appendix 1)
However it appears, that the majority of these studies were case studies, and therefore would
be unable to provide evidence to either support or oppose the hypothesis that folic acid intakes
up to Tmg/day improve the haematological sequelae of vitamin B12 deficiency.

In conclusion there is insufficient evidence to suggest that folic acid intakes up to 1.0mg/day
improve the haematological sequelae of vitamin B12 deficiency. This is because there is no
evidence of an appropriate quality that show an improvement at these levels of folic acid.
However it can not be suggested that studies of high level evidence, such as a randomized
control study be conducted to discover the extent to which folic acid intake up to 1.0mg/day
improves the haematological sequale of vitamin B12 deficiency. It would be unethical to
intentionally withhold treatment of vitamin B12 from an individual with deficiency.

Conclusion

There is little or no evidence that masking of B12 deficiency will occur at dietary folate equivalent
intake levels of 1mg.

i UniveRsITY 41

ASTLE

b o !
T i




il

O b
pauopuaw shep
Jou eby "eseasip | g§-i ‘8jep/UONERIND
Wis)SAS shoalau Apnis
Jo subis Jnoyim
elwseue snojiulted ou :Buipulig
yum sjusijed
L=U ul sAep :BlIOJIO UoISNfoU| | ou :uonesiwopuey
g pue L=u ul sAep g ‘}=u "el=U (9v)
asuodsai ajAo0|nonal asuodsai | ulsAep ¢ ‘0l=u ul sAep g :soyjsLieorIRYD 159)-1S0d 158} (gs6l)
Al| @eanisod e pamous €1/11 ayfoononay | o) Aepypioe 21j0) Jo Bwugl auleseg | -eid :ubissp Apns | e 38 oy
‘JUBIXS J8Ss8] & ‘Aep Jad pioe 21|04
0] piok 21j0] Jo asop Jemoj 8y Aousioysp zig | o Bwg 0 Jo ejo) “(syuow
ulwejin jo sefenbas [esibojojewary paaosdwy | g| Joj) pioe 2110} jo BwGz 0
PIoE 21j0f JO SBSOP Jey} 8pnjouod ey | Buiuiejuod siejge} UIWENA
"Blwskeue snoolutad UM pajeal] g ased
pey jusned o'} sAnsod 1s8) sbuljjiyos Aep/pioe {eydsoH
*SIS0JA0010BW pajesAal 1s8) poo|g "swoldwAs 2110} Jo Bwgz 9 Jo [ejo) MIOA MaN :Bumes
[eoibojoinau Bujuasiom yum pajuesalday (s1esh g 0961 pue
:z ese) | 10§) zi1g ulwepa jo bwgz swoydwAs | 9661 -8rep/uoneinp
‘eiluaeue snoiolusad pue g ulweyA jo bwgQ |eoibojoinau Apnis
pey jusied a1 ‘aapisod s1sa) Bulljiyos ‘gleyns 6zZ1°0 ‘yoewols ypm ajew
"abuel [euIOU UIYIM 10 10BA1XS UM pauiquiod | pjo Jesh ¢/ :Z 9seD ou :Buipulig
8oUspINe Junod |22 pai pue uigojbowey quoolewsH | Bg'o pue O ulwela Bwog (z9)
JO S|aA9| 199} pue sba| ‘uoJi Jo BYE ‘Z1q UIWENA | BlSBUR UIIM Sjews) | Ou Uojes|uiopuey (1961)
OYHN | 8ul ul seisayysaled yym pejussaldal jusiied Bwiz  yim pauiquiod oA 19| 8se) oisssjeq
ol ‘Jusuwieal) o} papuodsal ejwseuy Bbw z0 (bwg) poe :SoljsLIejorIBYO Apnys pue
aujjeseg | ese) :ubisep Apms uimpjegd

}lj Jou saog

| 8se)

01|10} Y)IM pajedd) 1| 9se)




EURE.. .
PLISWIRIN 4
€ AREISHEAING MU

S0UBPIAS
1O S|aAg)
OdHN

o

1) JoU s80(

elwaeue Jo subis oN ‘eiwseue
snojolulad yym pasoubelp 1z g | ase)

syjuow ¢ 1o} Aep/pioe

oljo} Bw’L 01 dn :z esen

sieah gz 1o} Ajlep

pioe oljoy Bw "z 1| esen

jeydsoH [elLoway
uojsejeyn :bunjes
(Rep/Buy

0} dn) uoissiwpe
snoinald wiouy
sjusweiddns pioe
ojj04 Bunye] -sbej
ay} jo eisayjaued
pue siabuy ay}

JO sssuquinu ypm
pajuasald "s|ewsay
0A 0/ :z @seD

ptoe d1jo} Jo Bw/ g
0} dn Buiuiejuos
SUILLENA UY)Im
Bunesipaw jjas usaq
pey jushed "enbije}
pue ssauyesm
‘sba| Jamoj pue )99}
‘sysum Jo Bunbug
pue ssauquinu yjim
pajussald ‘ajews;
oA QG ;| asen
:SoljsLIejoRIRYD
aujjeseg

9G61 pue

0661 -orepsuoneinp
Apmis

ou :Buipung

ou :uopjesiiopuey]

salpnis
aseq :ubisap Apnjs

(Zp)

(o961)
uosij|g

Aun)




. e%wmﬁfwam,v
ERRETT % fEg
bp  ALISHRAING M

‘(1) swn|on |89

(100°0>d) | pa paxoed ‘sjejo} noy | (2'¢) vyL ebe uesy | ou :uonesjwopuey
ajejo} | wnies ‘(7/jowd) Jeaym jo 6001 /pioe d1jo) ‘801 =U (¥s)
ul esea.oul Jueoyiubis Zlg uiweyia anayjuAs jo Bripzz uim :sopsieoBIRYD 189118041891 | (200Z) 1e
A | 'pebueydoun gz g uiweya wnias uesyy | Jnojj Jeaym jo uonesIoy ouieseyg | -aid :ubisep ApnjS | 19 YoSHH
sjuedioiped “Rep uspems :buiyes 1esjpoun
Jle ul Junod ajAo0inonel Jad Ajjelo pioe 21104 Bwig-1 ebe :9)epyuoleINp
paseasul iz dnoio yim pajeas) g=u :z dnols) | jo uoguaw oN "L1/2L ApniS
(pioe 21104 UO UBYM) =U SolsLeoeleyd ou :Buipulig )
JUNOD Ul 8sealdul 6ff rAR:! aujjeseg | ou :uopesiopuey (zo96l1)
Junoo ulweyn Aep/brig-z usyl | elwseue snooluiad PISJUIDMA
a)Aoojnoyel pabueyoun asuodsal Kep/pioe 21104 Bwiy"0-1"0 yum syuaied solos pue
€-Hl ue pey /G :1 dnoio ayfoononey | yum paosliul g=u :| dnoio sele)lIo uoisnpou| | ewn) :ubisep Apms uasueH
Aousjoljep z1g uleA
JO elwseue 8y} paysew
aney Aew suofe pioe
1[0} 8y} jey} papnjouoc) Ullte)
66 -€ Ajeoedg Asdajidg
oy/8¢cl ¢ ‘@)nyisuj o1bojoInsN
€L -l moueg :buijes
¥ uedoped
l16 -€ (syuowiyg Jes|oun
oav/IGEL -C -g| Jo} Aep/Bwig-) :ajepyuole.Inp
911 -l sjuswslddns ajejo} Apnis
¢ Juedpiyed (713) wnjon Bunyey Aousiolsep
¥6 -€ Jeinosndiod 21g uiweya ou :buipulg
eviel -2 uesiN ¢ pue Asdsjide ynm
6GL -l sjuanedul sjeway) | Ou :uoljesiuopuey
82UBpINS :Z Juedpiued HooewaY ‘eue]lio uoisnjouf
JO S[oA9] 16 -€ JuigojbowsH -z g¢-cz obues aby Asnins
OHWHN vr/iGCL -C ajewsy ||e [BUOI}O9S-SS0JO (0s)
ojui eel -1 (qwy6d) y=U :sofsliajoe.ieyo oAlppadsonay | (zooz) Ms
} Jou saoQ ‘1 edpiped Z1g UlWelA -1 uonuaAlajul oN auljeseg :ubisep Apn}S | moyzeuq




s L. N

Tlishamin & §
St ALISHEAINDG XU

(I1owugy<

pue -j/|owugy 0}
0€< “V/lowuQg o}
Gl< ‘I/lowugl>)

‘ellessny
‘euojoIp Bunes
psuojjusw jou aby
‘poshjeue

219M d}e|0}

pue g1g ulweya
wnJas jo Aesse

L00Z Joquisdag
0} 6661 Atenuep

woJj pe}os|jod
elep ajep/uoneinp
Apms

SUOI}BIJUSOU0D pue uoneujwexs
9]e|0j WnJIas poo|q |In} B yoiym ou :Buipuyg
juaiayiple zig uo ua)e) useq pey
2oU8spINS 219 UIWEBYA JO |oA8] UIWEBHA wnies ey} sejdwes poo|q | Ou :uonesiwopuey
O S[eA9) Aue je (suopesjusasuod | JO SuoneIUBIUOD :BelI9JLID uoIsnjouy
OHNHN 8}e|jo} uo paseq) Buisesosp 2.y €9 =u AsAnins (e5)
ot | sdnoib usamiag ADN Ul yum ADIN .uofjewiojul |BUO09S-SS04D (v002)
Jjjou seoq | eouslayip jueoyubis oN | uesw ul ebueyd uoljuSAIBlUl ON aujjeseg :ubisep ApniS | e e 3oy
"[e)IdsOH euoJoIA
jehoy :bumes
‘Basneu | Z/61 ‘ejepsuoneinp
pue sssuizzip Apnjs
‘anbie) ‘eixaioue
0] anp pioe 21j0} ou :buipung
aouapIAS ‘pIoe 21j0} jO ynum Bunesipaw-jjes
josjans] | sasop ybiy o} enp uolssiwai [eoibojojewsey ‘el1g)lIo uojsnoul | ou :uonesiwopuey
DHNHN ul 8q o} paleadde ybnoylly ‘sisojfooioep "sjew pjo Jeah gf (8p)
oju "UoljeJluUsdUoY 8)e|o} WnIas YbiH :solsiiejorIRYD Apnis asen (cL61)
1 Jou seoQq "BlLWSRUE Snoidiuiad yym pasoubelp jusied Kep/pioe 21104 jo Buug auljeseg :ubisoep Apnis Zjey
Yo
‘olbejues:bunjes 000z Alnp
"swoaul | 0} BB L Joquiesa(]
(74) sWwinjoA MO| YIIM JSA0 :8jep/uoneInp
Jejnosndiod uesyy Jo stesh g/ pebe Apnis
AOW pue (7/6) qH ‘sjoalqns Buinl| o1

ul @seasoul Jueosyubisg

Jejnosndiod uesw

:BLIBYLIO UoISNiou|

ou :buipulg




ERELIRY S TER
87 RLIEN AN MY

"SYJUOWIgL-| | WOJj }osuo
ul abuey ‘uoissaibo.id
a|qeqo.d pey g=u
‘uonjelsusbaep psuiquiod
ajnoeqns Jo Juswdoloaap
1o uoissalboud ayulep
pey y gl=usyio

syjuow g Jaye
psuijosp QL=U yolym

syuow G'z-G'|
[euonippe ue Joj Aep/Bug|
uaAIb g anoge Jo € -9
syjuow || 0} G'6 Jo} pioe
oll0} Aep/Bwgz L G=N -G
syjuow L1 Joj

pioe o1jo} Bw G°Z | =N -¥
syjuow gi J1oj pioe

oijo} Aep /BwQ'G Z =N -€
syjuow g} 1o} pioe

oo} Aep/Bwigl Z=N -C

SN

‘|leydsoH |eliowspy
sjessnyoessep
:Bumes

cg-cp abuel aby
sjews) 6 dlew ¢l
2Z=U :sojsLejoe.eyo
auijsseg

JoBIIX® JBAI| UIM

96l
:ubisoepyuoneinp
Apmis

ou :Buipung

ou :uoljesiwopuey

OYNHN jo | Jo sness |eoibojojewsey snjels syjuow / L-g Joj pioe pajesal) Ajsnonaid (18)
BLIS}1IO O ui spuswanoldul oibojosnau pue | 0140} Jo Aep/BuwiglL G=N- | | elwseue snooiuied soipnis ese) | (ap6lL) Ie
114 Jou seo(q pamoys 1Lz/Z1 =N |eoibojojewae -syuswsiddns jelO ‘BLIg)LIo uoishjou| :ubisap Apn}S 10 SSOY
0d
uo)Buiysepn ‘anue)d
{edIpay Jleldy
suele)on buires
/iowdgGgz moleq
‘BlLUBRUR sem )i pue painsesw
se pauyjep |lj UONEIJUBUOD
196 < AOW pue 2l g ulweja
9°9¢> JIo0jRWSH pey oym aiuad
[eoipaw Je sjueled 000¢C Udtey
iowdggz> :eueyIo uoisnioul | pue zeel Aenuer
uoljeusdu0d Aep/pioe ‘ueoLBWY .e)epyuonje.inp
se paulop oljo4 610001 > 10} Wiy UBOIY %69 Apnis
(9ev/¥9L) %9 L€ Aausjoyep "sieah
‘uopjeoyiuo} Aioyepuely clLg uiuejp 8661 Arenuer ul GJ-€G obuel aby ou :buipulig
uebaq pioe 21jo) yum uresb ‘sieah
(GEV/86L) %S GV ‘BjSeUR |  JO Uojedlio) AiojepuBiy /9 :obe uelpa|\ | ou ‘uojesiuopuey
:uoljeayiyo} jeuodo upm Aousioyap 9661 Uotely Ul géglL =u (sv)
z19 ulweya | uebag pioe o110} yum urelb 'soljsliejorleyo solles (c002)
-l (202/512) %2 6€ 8id UM U JO % J0 uonesyiuio} feuodo aujjoseg | swil :ubisap Apmis | 1e 3o SIlliN




Ly

il

SISV mEN
ALISHAAING

#

ol

¢l=N

eoueuaulew Aiojoejsies

uonusAla)uI

8)e|dwoo jou pIp 9Z =N

Adessy) psjdn.iiejuy
siesh Z< G=N
sieak z-| £=N
syjuow g > =N
yjog

siesh g< L L=N
siealz-| g =N
syluow z> ul =N
asdeya. oibojojewioet]
sieah Z-1 61=N
Jeah auo ul =N
asdeye. oibojo.inap

pauyep asdeja.
oibojojewsety
‘uonounsAp
uwinjoo
jesaye| io/pue
douejsod se
paulijep asdefo.
aibojoinapn
aoueUdUIBW
Aloyoeysneg -
Aderoyy
paydnua) -
asdejou
o1fojoinau
pue
olbojojewsay -
oifojojewsey -
olbojoinau -
:JO JaquinN

‘uoneulwexs
olbojojewsey pue
a16ojoinsu pue smairle)ul
Joj Ajyyuow useg

"Sieah Gz 1o}

Aep/pioe 2110 Jo Ajjelo Bwg

SN ‘obeaiyd
‘lfendsoH Ajuno)

%009 :Bunies

86=N
‘solsiIe)oBRYD
aujjeseg

"uoIssiwal
o160joinau

pue oibojojewsey u
elwaeue snoidiuiad
‘BlLIB}IO uoISnjouyl

sieak
G'¢ ‘ewryuoneinp
Apmys

ou :Buipung

Jesjoun
:uonesiwopuey

sales
awl] :ubrsep Apn)s

(zp)
(os61)
Zuemys

(syyuow g

10}) syjuow g je Aep/Bwig|,
pue (syjuow 7 10y)
syjuow g je Aep/Buige’ |
0] pabueyd syjuow 9

-G Joj yluowy/Bugg Z=u -0}
syjuow ¢ 10j Ajjeio
ARep/Bwgz | usy) syjuow
6 40} Yluow/Bwgy | =u -6
'syuow g je bwg)

pue syjuow / pue g je
Aep/Buigz| g=u -pioe olj0}
[eJo o} psbueyd anoqy -g
Syjuow Q| -/ Joj proe

Jljo} yruow/Bwipo L g=u -/
-suonos(ul Jejnosnweau;




e i O
EREE et L
o474 ELENBAINO AT

9sdejal pauIquiod [ed aujjeseg | ou :uojesiwopuey
pue [eoibojoinau | 16oj0jeWweRY - (ev)
‘leaibojojewsey | =u ul sjuedpiped ‘yoom Jad sswy} ¢ A|[elo | elwseue snoiojused salles (6s61)
syjuowg JO JaquinN uaye} bwQg pioe o104 seuejo uoisnjoul | swiL :ubisep Apnis | 12398 IIIM
‘sAep z 1o}
(A)snouaaenut) Bupog pue
sAep 1 40} (Alsnousaeiur)
Bwoog | 9sed
syjuow
i Joy Aep/Bwigl 01 9seD
syjuow
L1 1oy Aep/Bwgy ‘sAep
gz 10} (Ajsnouanenui)
Aep/BwipQl 6 8seD
sAep
G¢ Joy Aep/bwQz @ osed
syjuow
6 Joj Aep/Bwig :/ 8sed ‘uoysog
syjuow jendsoH supjdoH
g Joj Aep/Bw Q1 B syuow uyor :bumes
12 Joj Aep/Bupg :9 ased
‘'syluow y1-1¢ obues by Jes|oun
0l Jo} Aep/Bwg G esed slew ¢ ‘sjews} g :ajepyuonenp
syjuow Li=N Apmis
Z\1 Joj Aep/BuiQg v 9seD :soyjsLisjorIRYD
(Ajsenses Buikien) syjuow auljeseg ou :Buipulg
saoueqnisip jeoibojoinau || 10} Aep/buigl ¢ osed
BUaO | pamous | 1/8 syjuowl -asdejes oibojoinau | ou :uoHes/wopueY
OUWHN -asuodsel |z} Joy Aep/Bwigl :z @seD |  pue dlbojojewsy ul (61)
ol ‘sesed Aue ul esdejes | |eoibojoinau pue sfep g Jo} | elwSeUe snojojuiad salpnis (sv61)
i Jou ssoQ |eoibojojewsaey ON jeoibojojewaey | pioe oo} p/Bwgy 1| 8SeD -eIo}I0 Uoisnoul | aseD :ubisep ApnS Aajbepm

a)fo0.1yfio
Buije) pue
sisoyfoo.ioew se




6v

T1L8vImaN
ALISHRALNG ML

“asdejal |eoibojojeusey
| =uJeak /

‘pauiquiod | pue
|edibojoinau | =u Jesk 9
pauiquod g=u
[eaibojoinau | =u
jeoibojojewsey g=u

Jeak v

asdejau

jeoibojojewery g=u

jesA ¢

asdejas pauIquIod Z=u
Jesh g

asdejas pauiquIod g=uU
asdejas jeoibojoinau § =U
Jesh |

siesh 0|
-Z pue ‘syjuow
Zl ‘syjuow g je
asdejal
pauiquoo -
1o
|eaibojoinau -

SN ‘oo ‘JejdsoH
neuupul) :bunjes

9g=U ‘sofsLiejor.eYD

sieok

Ol O} | Jo} pamoj|o}
pue psjonpuo?o
8v61-Gi61
‘8jepyuoneinp
Apms

ou :buipulg




References

1. Food Standards Australia and New Zealand. Initial Assessment Report. Proposal P295.
Consideration of mandatory fortification with folic acid. Canberra, Wellington: FSANZ; 2004.

2. Bower C, Wald NJ. Vitamin B12 deficiency and the fortification of food with folic acid.
European Journal of Clinical Nutrition. 1995;49(11):787-93.

3. Campbell NR. How safe are folic acid supplements? Archives of Internal Medicine
1996;156(15):1638-44.
4. Expert Group on Vitamins and Minerals. Review of folic acid. United Kingdom: Food

Standards Agency; 2002.

5. Commonwealth Department of Health and Ageing Australia, Ministry of Health New
Zealand, National Health and Medical Research Council. Nutrient reference values for Australian
and New Zealand including recommended dietary intakes. Canberra: NHMRC; 2004.

6. Flood VM, Webb KL, Smith W, Mitchell P, Bantick JM, Macintyre R, et al. Folate
fortification: potential impact on folate intake in an older population. Eur J Clin Nutr
2001;55(9):793-800. '

7. Stabler SP, Allen RH. Megaloblastic Anemias. In: Goldman L, Ausiello D, editors. Cecil
Textbook of medicine. 22nd ed. Philadelphia: Saunders; 2004. p. 1050-1056.

8. Antony AC. Megablastic anemias. In: Hoffman R, Benz EJ, Shattil SS, Furie B, Cohen H,
Silberstein L, et al., editors. Hematology : basic principles and practice. 4th ed. Philadelphia:
Churchill Livingstone; 2005. p. 519-556.

9. Hoffbrand AV, Pettit JE, Moss PAH. Essential haematology. 4th ed. London: Blackwell
Science; 2001.

10. Babior BM. The megaloblastic anemias. In: Beutler E, editor. Williams hematology. 6th
ed. New York: McGraw-Hill; 2001. p. 425-446.

1. Kumar V, Cotran RS, Robbins SL. Robbins basic pathology. 7th ed. Philadephia:
Saunders; 2003.

12.  Culligan DJ. Blood and bone marrow. In: Underwood JCE, editor. General and
systematic pathology. New York: Churchill Livingstone; 2004. p. 615-672.

13. Jeffery D. Nutrition and diseases of the nervous system. In: Shils ME, Olson JA, Shike M,
Ross AC, editors. Modern Nutrition in health and disease. Philadelphia: Lipincott Williams &
Wilkins; 1999. p. 1543-15654.

14. Charlton K, Schloss |. Anaemia. In: Ratnaike R, editor. Practical guide to geriatric
medicine. Sydney: McGraw-Hill; 2002. p. 613-635.

15. Doust J. Diagnostic and management strategies for anaemia in adults. Australian Family
Physician 2003;32(11):889-894.

16. Oh R, Brown D. Vitamin B12 deficiency. American Family Physician 2003;67(5):979-986.
17. Cotran RS, Kumar V. Robbins and Cotran pathologic basis of disease. 7th ed.
Philadelphia: Elsevier Saunders; 2005.

18. Andres E, Loukili NH, Noel E, Kaltenbach G, Abdelgheni MB, Perrin AE, et al. Vitamin
B12 (cobalamin) deficiency in elderly patients. Canadian Medical Association Journal
2004;171(3):251-259.

19. Dharmarajan M, Norkus E. Approaches to vitamin B12 deficiency; Early treatment may
prevent devastating complications. Postgraduate Medicine 2001;110(1):99-105.

20. Ironside JW. Central and peripheral nervous system. In: Underwood JCE, editor. General
and systematic pathology. 4th ed. New York: Churchill Livingstone; 2004. p. 741-792.

21. Chanarin |. Nutritional aspects of hematologic disorders. In: Shils ME, Olson JA, Shike
M, Ross AC, editors. Modern Nutrition in health and disease. 9th ed. Philadelphia: Lipincott
Williams & Wilkins; 1999. p. 1419-1437.

22. Ezra EW, Cohen MD. Anemia- B12 deficiency. In: Medline Plus; 2003.

23, Anderson F. Anaemia due to vitamin B12 deficiency. In: Net Doctor; 2002.

Gl The Lrivirsery 50
S af MNEWCASTLE

Wi



24. Goh W, Dhillon R. Common psychiatric disorders. In: Ratnaike R, editor. Practical guide
to geriatric medicine. Sydney: McGraw-Hill; 2002,. p. 101-114.

25. Murtagh J. General Practice. 3rd ed. Sydney: McGraw-Hill; 2003.

26. Ratnaike R. Diarrhoea. In: Ratnaike R, editor. Practical guide to geriatric medicine.
Sydney: McGraw-Hill; 2002. p. 485-504.

27. Unknown. Vitamin B12-deficiency anaemia. In: BUPA Health Information team; 2004.
28. Hoffbrand AV. 22.5.6 Megaloblastic anaemia and miscellaneous deficiency anaemias. In.
4th ed: Oxford Textbook of Medicine; 2003.

29. Hines JD. Megaloblastic anemia. In: Mazza JJ, editor. Manual of clinical hematology.
Philadelphia: Lippincott Williams & Wilkins; 2002.

30. Patten JP. Neurological differential diagnosis. 2nd ed. London: Springer; 1996.

31. Dixon MF. Alimentary system. In: Underwood JCE, editor. General and systematic
pathology. 4th ed. New York: Churchill Livingstone; 2004. p. 359-400.

32. Hanger HC, Sainsbury R, Gilchrist NL, Beard ME, Duncan JM. A community study of
vitamin B12 and folate levels in the elderly. Journal of the American Geriatrics Society.
1991;39(12):1155-9.

33. Armstrong BK, Davis RE, Nicol DJ, van Merwyk AJ, Larwood CJ. Hematological, vitamin
B 12, and folate studies on Seventh-day Adventist vegetarians. American Journal of Clinical
Nutrition. 1974;27(7):712-8.

34. Barber KE, Christie ML, Thula R, Cutfield RG. Vitamin B12 concentrations in the elderly:
a regional study. New Zealand Medical Journal 1989;102(873):402-4.

35. de Jong N, Green TJ, Skeaff CM, Gibson RS, McKenzie JE, Ferguson EL, et al. Vitamin
B12 and folate status of older New Zealand women. Asia Pac J Clin Nutr 2003;12(1):85-91.

36. Flicker LA, Vasikaran SD, Thomas J, Acres JG, Norman PE, Jamrozik K, et al.
Homocysteine and vitamin status in older people in Perth. Medical Journal of Australia
2004;180(10):539.

37. Flood VM, Webb KL, Smith W, Rochtchina E, Mitchell P, Bantick JM, et al. Prevalence of
low serum folate, red cell folate, serum vitamin B12 and elevated homocysteine. Asia Pacific
Journal of Clinical Nutrition 2004;13(Suppl):S85.

38. Green TJ, Venn BJ, Williams SM. Serum vitamin B12 concentrations and atrophic
gastritis in older New Zealanders. European Journal of Clinical Nutrition. 2005;59:205-10.

39. Hokin BD, Butler T. Cyanocobalamin (vitamin B-12) status in Seventh-day Adventist
ministers in Australia. American Journal of Clinical Nutrition. 1999;70(3 Suppl):576S-578S.

40. Hung J, Beilby JP, Knuiman MW, Divitini M. Folate and vitamin B12 and risk of fatal
cardiovascular disease:cohort study from Busselton, Western Australia. British Medical Journal
2003;326(131-7).

41. Shaw JTE, McWhinnery B, Tate JR, Kesting JB, Marczak M, Purdie D, et al. Plasma
homocysteine levels in indigenous Australians. Medical Journal of Australia 1999;170:19-22.
42, Schwartz SO, Kaplan SR, Armstrong BE. The long-term evaluation of folic acid in the
treatment of pernicious anaemia. Journal of Laboratory and Clinical Medicine 1950;35:894--8.
43. Will JJ, Meuller JF, Brodine C, Kiely CE, Friedman B, Hawkins VR, et al. Folic acid and
vitamin B12 in pernicious anaemia. Studies on patients treated with these substances over a
ten-year period. Journal of Laboratory and Clinical Medicine 1959;53(1):22-38.

44, Hansen HA, Weinfeld A. Metabolic effects and diagnostic value of smalil doses of folic
acid and B12 in megaloblastic anaemia. Acta Medica Scandinavica 1962;172(4):427-43.

45. Mills JL, Von Kohorn |, Conley MR, Zeller JA, Cox C, Williamson RE, et al. Low vitamin
B-12 concentrations in patients without anemia: the effect of folic acid fortification of grain.
American Journal of Clinical Nutrition 2003;77(6):1474-7.

46. Bok J, Faber JG, De Vries JA, Stenfert Kroese WF, Nieweg HO. The effect of
pteroylglutamic acid administration on the serum vitamin B12 concentration in pernicious anemia
in relapse. The Journal of Laboratory and Clinical Medicine 1958;51:667-71.

47. Curry Ellison AB, Charleston W. Pernicious anemia masked by multivitamins containing
folic acid. Journal of the American Medical Association 1960;173(3):240-3.

R Th: UnivERSITY 51
Qf NEmeaAsTLE

T mg e




48. Katz M. Potential danger of self-medication with folic acid. New England Journal of
Medicine 1973;289(20):1095.

49.  Wagley PF. Neurologic disturbances with folic acid therapy. The New England Journal of
Medicine 1948;238(1):11-5.

50. Drazkowski J, Sirven J, Blum D. Symptoms of B12 deficiency can occur in women of
child bearing age supplemented with folate.[see comment]. Neurology 2002;58(10):1572-3.

51. Ross JF, Belding H, Paegel BL. The development and progression of subacute
combined degeneration of the spinal cord in patients with pernicious anaemia treated with
synthetic pteroylglutamic acid. Blood 1948;3:68-90.

52. Baldwin JN, Dalessio JD. Folic acid therapy and spinal-cord degeration in pernicious
anemia. New England Journal of Medicine 1961;264(26).1339-42.

53. Metz J, McNeil AR, Levin M. The relationship between serum cobalamin concentration
and mean red cell volume at varying concentrations of serum folate. Clinical & Laboratory
Haematology. 2004;26(5):323-5.

54, Hirsch S, de la Maza P, Barrera G, Gattas V, Petermann M, Bunout D. The Chilean flour
folic acid fortification program reduces serum homocysteine levels and masks vitamin B-12
deficiency in elderly people.. Journal of Nutrition 2002;132(2):289-91.

55. Clarke R, Refsum H, Birks J, Evans JG, Johnston C, Sherliker P, et al. Screening for
vitamin B-12 and folate deficiency in older persons. Am J Clin Nutr 2003;77(5):1241-7.

56. Lindenbaum J, Healton E, Savage DG, Brust J, Garrett T, Podell E, et al.
Neuropsychiatric disorders caused by cobalamin deficiency in the absence of anemia or
macrocystosis. The New England Journal of Medicine 1988;318(26):1720-1728.

57. Snow CF. Laboratory diagnosis of Vitamin B12 and folate deficiency. In: Archives of
Internal Medicine: American Medical Association; 1999. p. 1289.

58. Koehler KM, Pareo-Tubbeh SL, Romero LJ, Baumgartner RN, Garry PJ. Folate nutrition
and older adults: challenges and opportunities. Journal of the American Dietetic Association
1997;97(2):167-73.

59. Baik HW, Russell RM. Vitamin B12 deficiency in the elderly. Annual Review of Nutrition
1999;19:357-77.

60. Johnston P. Nutritional Implications of Vegetarian Diets. In: Shils ME, Olson JA, Shike M,
Ross AC, editors. Modern Nutrition in Health and Disease. Maryland: Lippincott Williams and
Wilkins; 1999. p. 1755-67.

The UMIVEREITY 52
af MEWCASTLE

At




APPENDIX |
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