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Abstract

Cobalamin (vitamin B12) is one of several essential micronutrients needed by the human or-
ganism. Other important micronutritients, which interplay with vitamin B12, are folate and
iron. Deficiency of these micronutritients can lead to different types of disorders. During the
last ten years, the attention has been drawn to different forms of neurological disorders sup-
posed to be caused by vitamin B12 deficiency. Vitamin B12 deficiency states ate common
among elderly patients in primary health care and sometimes in hospital care, especially in geri-
atric practice.

This is a study to define the cobalamin treatment traditions, among Swedish physicians in the
period 1990 — 2000. The period was distinguished by an intense debate on the issue by the
physicians, an increase of cobalamin consumption, and a shift from parenteral therapy towards
oral high-dose therapy.

For long, it had been known that symptoms of cobalamin deficiency could start in the nervous
system. This old knowledge was reinforced by the application of homocysteine (Hcy) and
methyl-malonic acid (MMA) in deficiency diagnosis. The introduction of homocysteine and
MMA in deficiency diagnosis changed the view on deficiency prevalence, by identifying per-
sons at risk to develop B12 deficiency prior to established symptoms.

In this study, Swedish physicians are regarded mainly as receivers of scientific communication
about the markers homocysteine and MMA, and deficiency states of cobalamin and folate. The
main senders were four teams of scientists, from North Ametica, Norway, Denmark, and
Sweden.

This study sets the senders and the receivers of cobalamin communication on a collegial level
and quantifies and evaluates the feed-back from the receivers. The receivers in this case, gen-
eral practitioners and geriatricians, appeared to be familiar with old knowledge and frontier
concepts in the field. Thus, it is suggested that the increase of B12 prescriptions in Sweden
1990 — 2000 reflected an increased awareness of B12-associated clinical problems among the
physicians managing the majority of deficiency patients, although a possible overconsumption
of pharmaceutical drugs must be kept in mind.

Key words: Cobalamin, folate, iron, homocysteine, MMA, vitamin B12 deficiency, therapy tradi-
tion, drug epidemiology, communication, receivers, senders.
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1. Introduction

1.1 Preface

During the spring 1996, a group of medical scientist contacted me. This research group was
asking me, if I, as a statistician, could help them to perform a questionnaire study among a
sample of Swedish general practitioners (GPs). At that time, one of my work assignments was
to serve as a statistical consultant in relation to different occupational and research groups in
the County Council of Visterbotten.

My first task for the research group was to adjust statements and evaluation scales for future
databases and analyses. At that time, during the spring 1996, my work was mainly to provide
the research group with practical help; sending out and taking care of incoming questionnaires,
checking addresses, keep record of incoming answers, sending out reminders, collecting data
into a database and processing the data. Another of my tasks in the beginning was to provide
the group with charts and diagrams, and do the statistical computations needed by the research

group.

Since my contributions to the first study (II) exceeded the duties of my basal service, the state
of co-author was offered to me. Thus, the follow-up studies 1998 provided more service and
increasing responsibilities (III-1V); “good service is rewarded by more service.” In a stimulating
multidisciplinary interplay with tutors, co-workers, and other scientists, the chance emerged to
extend the primary questionnaire studies to a dissertation on cobalamin communication (I —
V). No such study has previously been performed; however, a few rudimentary investigations
(Lederle 1991 & 1998) and a few letters (Berlin 1968, 1978, Herbert 1996, 1998, Elia 1998)
were previously published.

Besides my professional involvement, the topic gained a personal interest, when my mother
had a vitamin B12 deficiency diagnose in 1999 and was prescribed treatment with hydroxyco-
balamin injections. Later on, she switched to oral cyanocobalamin treatment. At the start of
symptoms, my mother was close to 70 years of age, a typical age of deficiency debut (Sand-
strém 1996, Bjorkegren 2003).

1.2 Background
1.2.1 Historical background

Vitamin B12 (cobalamin) is one of several essential micronutrients needed by the human or-
ganism. Folate, iron and possibly vitamin B6 (pyridoxine) are important even nowadays in
Western countries as well as in the rest of the world. Deficiency of these micronutritients can
lead to different types of disorders. During the last ten years, the attention has been drawn to
different forms of neurological disorders, supposed to be caused by vitamin B12 deficiency
(Hoffbrand 1996, Asselt et al 2001).

Vitamin B12 deficiency states are common among patients in primary health care and some-
times in hospital care, especially in geriatric practice. In studies among elderly people, 10 to 20
percent of the investigated population was found to have vitamin B12 deficiency (Bjorkegren



2003, Johnson et al 2003). Anaemia is the classical sign of deficiency of the micronutrients,
mactocytic anaemia for lack of cobalamin and/or folate with mean cotpuscular volume (MCV)
above 100 fL, microcytic anaemia for lack of iron, MCV less than 78 fL.. The prevalence of de-
ficiency disorders differs widely, especially when Western countries are compared with devel-
oping countries (Bevan 2004).

In a historical light (Wintrobe 1993, Engstedt 1998), the function of the blood has been a se-
cret until the last 200 - 300 years. The knowledge about the blood as a necessity for life is an-
cient. In many religions, the blood has played an important role; for example, the kosher
slaughter in Jewry and the atonement by blood sacrifice in Jewry and Christianity (Lev 17, Matt
26:17-30). When the clotted blood is examined in a glass vessel, it is possible for the naked eye
to recognise different layers. The ancient doctrine of “cardinal humors” (black bile, sanguis,
phlegma and yellow bile) is thought to be derived from observations on such blood layers
(Wintrobe 1993).

In the year 1674, Anton van Leeuwenhoek from Holland made a description of the red blood
corpuscles (red cells, erythrocytes). This was done in the work “Philosophical Transactions of
the Royal Society” in London. Leeuwenhoek constructed a microscope and used it to study his
own blood. In the following two centuries, routines developed to determine the number
(erythrocyte particle concentration, EPC), volume (haematocrit, erythrocyte volume fraction;
EVF) and haemoglobin contents (B-Hb) of the blood; especially the haematocrit value had a
good reputation for periods (Wintrobe 1993, Engstedt 1998).

Among the blood diseases, the first that was treated in an effective way was chlorosis (from the
Greek word for green, yhoepoc), which originated from deficiency of iron. Johannes Lange
first described the disease in 1554. During the last decades of the 1900™ century, this anaemia
occurred mainly among girls, 14 - 17 years of age. The incidence of chlorosis declined, and af-
ter 1910, the cases were rare (L.ee 1993a).

Thomas Addison (1855) first described the blood disease anaemia perniciosa. The pernicious
anaemia was a mystery for the physicians up to 1920. This anaemia, a result of the bone mar-
row failure to produce sufficient numbers of red blood cells, is due to a lack of vitamin B12.
The disease leads in most cases to death within a limited time, often 1 — 2 years. Sometimes,
the victims of the disease also had neurological and mental symptoms (Lee 1993b, Wintrobe
1993). Nowadays, it is known that a patient with advanced anaemia perniciosa often suffers
lack of leukocytes (leukopenia), thrombocytes (thrombocytopenia), mucosal cells, other fast-
growing cells, and lesions in the myelin sheaths of nerve cells (Reilly & Cawley, 1996).

In the year 1900, Karl Landsteiner from Austria, discovered the ABO blood group system.
Landsteiner described the serologic differences between red cells from different persons, and
was then able to classify individuals in four groups according to blood type (Schroeder &
Rayner 1993a). This opened the opportunity to treat the anaemia with blood transfusions. On
some occasions, the treatments led to a remission, probably due to micronutritients in the
transfusion (Schroeder & Rayner 1993b, Engstedt 1998).

George Whipple discovered another treatment for anaemia perniciosa in 1918. He found that
dogs with experimental anaemia recovered faster on a liver diet than dogs on other diets. Due
to these findings, two other Boston doctors, William Murphy and George Minot, started to
treat an anaemia patient with 200 — 300 grams raw liver on a daily basis, with a remission of the
anaemia as a result. Later liver extracts for oral and parenteral treatment were developed. The
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initial documentation was made possible by the development of the reticulocyte count. The
Nobel Prize of medicine 1934 was given to Whipple, Minot and Murphy for their discovery
(Lee 1993a, Engstedt 1998).

The importance of folate deficiency was discovered 1931 by Lucy Wills and co-workers.
Folates were extracted 1941 from spinach and from liver in 1943 (Lee 1993 b). Furthermore,
vitamin B12 was isolated and the structure clarified by the British biochemist Dorothy Crow-
foot Hodgkin 1955, published 1956 (Hodgkin 1956), a discovery awarded with the Noble Prize
in chemistry 1964. Professor Gunnar Hidgg, Member of the Royal Academy of Sciences said in
his presentation speech: ”Professor Hodgkin. You have for many years directed your efforts towards the de-
termination of crystal structures by means of X-ray diffraction techniques. You have solved a large number of
structural problems, the majority of great importance in biochemistry and medicine, but there are two land-
marks, which stand ont. The first is the determination of the structure of penicillin, which bas been described as
a magnificent start to a new era of crystallography. The second, the determination of the structure of vitamin
B12, has been considered the crowning triunph of X-ray crystallographic analysis, both in respect of the chemi-
cal and biological importance of the results and the vast complexity of the structure" (Higg, 1972).

Clinical routine lingered behind the scientific discoveries for years and decades. Liver therapy
had first been oral, then parenteral. Since liver preparations also contained folate and iron,
most concomitant deficiencies were also cured (Lee 1993 b). The first clinical trial with oral
cyanocobalamin, 1 mg daily, was published in 1960 (McIntyre 1960).

In the period 1950 - 1970, there was confusion about the route and mode of B12 therapy. Pa-
tients with pernicious anaemia in relapse were plenty, and provided a model for clinical trials. A
single oral dose of 3 mg of B12 was given to five patients in a study 1950 (Ungley 1950). The
patients were reported to have a maximal haematological response within the first 15 days of
observation. Ungley continued with an extended study and presented results from 38 patients,
treating them with oral vitamin B12, in doses ranging from 0.5 to 3 mg daily. The daily dose of
0.5 mg gave a positive response during 15 days. Single oral doses between 1 and 3 mg also gave
positive haematological responses (Ross et al 1954).

In another study, a single oral dose of 5 mg vitamin B12 gave a complete remission (Conley
1951). In the same study, single oral doses of 1 or 2 mg gave rise to detectable but incomplete
remissions. In this study, patenteral B12 for maintenance therapy was used. In a third centre,
eleven patients with pernicious anaemia in relapse were treated with oral B12 dose in one to
four weeks. The patients involved in the study were monitored for three to twenty-one months
(Unglaub & Goldsmith 1955).

Mclntyre and co-workers found that managing pernicious anaemia with 1 mg of oral cyanoco-
balamin daily was an optimal, safe and reliable regime (Mclntyre 1960). About the same time,
Ragnar Berlin and co-workers started to treat patients with pernicious anaemia with 0.5 or 1.0
mg of oral cyanocobalamin daily. The Betlin group found that 1 mg of oral cyanocobalamin
daily was a safe and reliable treatment of B12 deficiency, both for remission and maintenance
therapy. Lower doses, 0.5 mg daily, was associated with high incidence of therapy failure (Ber-
lin 1968), in fact 50 — 80 percent failures as deemed from their Figure 8.

In clinical practice, however, the predominant treatment for vitamin B12 deficiency was par-

enteral during the period 1960 - 1970. In Sweden, as in the rest of the word (even today), there
was a hesitation for oral treatment. As an amendment for the anxiety among Swedish physi-
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cians, Berlin and co-workers recommended that a remission treatment could start with 2 mg of
oral cyanocobalamin twice a day duting one month (Betlin 1968).

With a single oral dose of 2 mg cobalamin, the absorbed quantity of B12 does not exceed the
transport capacity of transcobalamin and haptocorrin from bowel to body tissues. As with par-
enteral therapy, the surplus oral cobalamin is spilled into the urine. As for safety, an oral dose
of 100 mg was found to be non-toxic. In the range 2 — 100 mg, the pharmacokinetics of oral
single doses of cyanocobalamin approached that of 1 mg parenteral cyanocobalamin. In 1978,
the Berlin group verified that 1 mg of oral cyanocobalamin daily fills the body stores as effec-
tively as intramuscular injections (Berlin 1978).

Since about 1970, oral treatment for vitamin B12 deficiency has gained the confidence of the
Swedish physicians. The reason for this is probably complex. One influence might be the “7-
crown reform”, (Shenkin 1973, Carder & Klingberg 1980). With the reform, it became finan-
cially neutral to choose between oral or parenteral treatment for vitamin B12 deficiency in
Sweden. This neutrality was thought to concern all parts, patient, physician, producer and fi-
nancer (the Swedish society). However, other scientists have also argued that oral treatment is
mote favourable for public finances than parenteral treatment in a Western society (Ledetle
1991 & 1998, Walraven 2001, Nyholm 2003)

1.2.2 The function of iron, pyridoxine, folate and
cobalamin

Iron, pyridoxine (vitamin BG), folate and cobalamin (vitamin B12) are micronutrients essential
for the human body. The micronutrients provide main parts in monocarbon metabolism (e.g.
the methionine cycle), in DNA synthesis, in cell growth, and in cell function. Anaemia and
neuropathy are conspicuous correlates of advanced micronutrient deficiency (Bevan 2004,
Macleod & Mumford 2004).

1.2.2.1 Iron

Iron is essential in the transportation of oxygen from lungs to body tissues. The body store of
iron is mainly found in erythrocytes and muscle cells. Iron deficiency can arise from lack of
iron from foods (food with highest content of iron is given in Table 1). Other causes of iron
deficiency are chronic gastritis, lack of hydrochloric acid, celiac disease, ulcers and cancers in
stomach and bowel. Excess of iron can lead to tissue damage and fibrosis caused by, for ex-
ample, repeated blood transfusions and hereditary haemtocromatosis (Lee 1993a, Pippard

1996).
In the present dissertation, two statements of the questionnaire studies address the role of iron

deficiency as a confounder in the diagnosis and treatment of cobalamin deficiency (see Tables
2, statements 15 and 16).

1.2.2.2 Pyridoxine (vitamin B6)

Although vitamin B0, the therapy form pyridoxine, is an important coenzyme for many reac-
tions in the human body, deficiency states are thought to be rare in Western countries, and fall
outside the scope of routine health care in Sweden (Lee 1993b, Rosenberg et al 2004). There is,
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though, an ongoing discussion about vitamin B6 and its influence on dementia (Jansson 2002,
Seshadri 2002, Garcia & Zanibbi 2004, and Rosenberg et al 2004).

The recommended daily intake of vitamin B6 is 1 to 3 mg/day. Since many foodstuffs in Swe-
den today are rich in vitamin B6, or even enriched with vitamin B6 (Table 1), the danger of de-
ficiency appears negligible for most citizens. Overdoses may produce neurological disorders.
The toxicity of vitamin B6 can partly be avoided by simultaneous supplementation with folate
and vitamin B12, which are supposed to compensate for the leakage of methyl groups from
the system (Lee 1996b, Hultdin 2003). Vitamin B6 is, in any case, outside the scope of the pre-
sent dissertation.

1.2.2.3 Vitamin B12 (cobalamin) and folate

Folate and vitamin B12 (cobalamin) are connected by a series linkage in the human metabo-
lism. The classical symptom of folate and/or B12 deficiency is macrocytic anaemia, which is
due to an inhibition of the DNA synthesis in the bone marrow. The deficiency is due to lack of
vitamin B12 and/or folate. Vitamin B12 deficiency also causes neutropathy, which can be se-
vere (Hoffbrand 1996, Asselt et al 2001).

In the 1970%es, the analysis of serum B12 became routine in Sweden. The oral cyanocobalamin
treatment and new laboratory techniques had a medical and social impact. Diagnosis and ade-
quate treatment came earlier in the course of deficiency. Patients with pernicious anaemia are
rare in a Western society today (Norberg & Palmblad 1998). In the Kuzminski study of oral
versus patrenteral treatment, only two out of thirty-nine patients had overt anaemia (Kuzminski
et al 1998).

A further development in the early diagnosis of deficiency occurred during the 1990 ies, when
new markers such as homocysteine (Hcy), methylmalonic acid (MMA), gastrin and pepsinogen
A, were introduced. The laboratory parameters of vitamin levels in the intravascular compart-
ment could miss deficiency in the cells (Hoffman 1996, Nilsson 2000).

Vitamin B12 is considered to be Nature’s most beautiful cofactor (Stubbe 1994). It was iso-
lated 1948 by Smith, Rickes and co-workers. Hodgkin and co-workers made a description of
the molecular structure 1955 (Hodgkin et al. 1956). The vitamin consists of a central cobalt
atom, surrounded by corrin rings with a side chain of bezimidasole. To the cobalt atom, there
is a linkage to different radicals (Hodgkin 1964). Variants of cobalamin are formed due to re-
placement oxidation or reduction of the cobalt nucleus, for example; methylcobalamin, hy-
droxycobalamin, adenosylcobalamin and cyanocobalamin (Nilsson 2000). The human body is
unable to synthesise cobalamin and the contribution of vitamin B12 is mainly from animal

proteins (Hoffbrand 1996).
As a matter of curiosity, the articles of food with the highest content of micronutrient per 100

g are listed in Table 1. It is conceivable that some of these foods may be found as ingredients
in prefabricated food e.g. meatballs and hamburgers.
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Table 1. The five foodstuffs with the highest content of essential micronuttients.

1 2 3 4 5
Iron Pig blood Cattle blood Blood bread Special K Black pudding
Bo Special K Oatmeal gruel Dry yeast Wheat-germ All bran regular
Folate Fried chicken  Yeast Chicken liver Black eye beans ~ Mung beans
liver
B12 Fried cattle liver ~ Fried cattle liver  Cattle liver Rein-deer liver Lamb liver
coated

Sonrce: Swedish National Food Administration.

The daily requitement of vitamin B12is 1 - 3 pg/day for adults (Hoffbrand 1996). For children
to the age up to 10 years, the recommendation is in the interval 0.3 - 1.4 pg/day according to
Swedish National Food Administration (www.slv.se). Beside the food listed in Table 1, good
sources of folate and vitamin B12 are milk and diary products. Arkbage found that fermenta-
tion of milk, during manufacturing of six fermented diary products and storage for 14 days in
+4°C, reduced vitamin B12 content by 40 to 60 petcent, while the folate content increased. On

the other hand, when making hard cheese, the vitamin B12 content increased by a factor 4 - 7
(Arkbége 2003).

For vitamin B12 to be useful for the organism, it has to be released from the food proteins
with the help of hydrochloric acid and peptic hydrolysis in the stomach. In the acid environ-
ment of the normal stomach, the released B12 binds to haptocorrin. In the alkaloidal environ-
ment of the duodenum, cobalamin binds to intrinsic factor (IF). Lack of this factor, especially
among elderly, provides a major cause of vitamin B12 deficiency. The B12-IF complex is
bound to receptors of the epithelial cells in the distal part of ileum, transported across the
bowel wall, and bound to transcobalamin (25 percent) and haptocorrin (75 percent) in blood:
transcobalamin is the active transport protein with fast kinetics (Lee 1996b, Schneede 1996,
Hultdin 1998).

It should be emphasised that the nomenclature has changed with time. Transcobalamin was
formerly called “transcobalamin II”, haptocorrin was called “transcobalamin I” and/or
transcobalamin III, or “R binders” (Gueant 1990). The receptor for the B12-1F complex on
the luminal side of the epithelial cells in the distal part of the ileum is defined, and has the
name “cubilin” (Andrés et al 2003).

Lack of IF is usually due to atrophic gastritis, sometimes to gastric surgery. The down-stream
transport of vitamin B12 may also be disturbed by pancreatic insufficiency, celiac disease, cubi-
lin deficiency due to inborn genetic defects or surgery, genetic defects of B12-binding proteins
in the blood. Vitamin B12 may be inactivated by nitrous oxide (“laughing gas”) in surgery,
dentistry, or abuse. The main symptoms of cobalamin/folate deficiency include anaemia,
polyneuropathy and mental disturbances (Schneede 1996, Engstedt et al 1998, Lokk 2002).

The Norwegian Erik Magnus showed 1986 that approximately one third of all patients with
B12 deficiency had neurological symptoms at the start (Magnus 1986). The Magnus study was
confirmed by Lindenbaum and co-workers (Lindenbaum 1988 et al), who studied 141 patients
with a vitamin B12 deficiency. Among these, 40 did not show a traditional anaemia perniciosa
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or macrocytic anaemia. These 40 patients instead showed symptoms such as dementia, cogni-
tive symptoms, ataxia, and other neuro-psychiatric disorders. After treatment with vitamin B12
alone, the levels of MMA and homocysteine where drastically reduced: the health of the pa-
tients also improved.

1.2.2.4 Homocysteine (Hcy) and Methylmalonic Acid (MMA)

The correlation between homocystinuria, a rare inborn error of metabolism, hyperhomocys-
teinemia and thrombosis was known from the 1950’ies. The patients often have a plasma ho-
mocysteine at the level of 350 mmol/L or more (Hankey & Eikelboom 1999, Nygard et al
1999). Cox and White (1962) appears to have been the first to suggest that homocysteine might
be used in the diagnosis of cobalamin/folate deficiency, in which homocysteine values usually
range between 20-100 mmol/L (Cox & White 1962). The American group of scientists around
Lindenbaum, Allen and Stabler documented homocysteine and MMA for deficiency diagnosis
(Lindenbaum et al 1988, 1990).

For long, it had been known that symptoms of cobalamin deficiency could start in the nervous
system (Videbaek 1961, Magnus 1986). This old knowledge was reinforced by the application
of homocysteine and MMA analysis in deficiency diagnosis (Lindenbaum 1988). During the
1980’ies, homocysteine analysis became available for the leading clinical researchers of Sweden
(Brattstrom 1988, Regland 1991). The introduction of homocysteine and MMA in deficiency
diagnosis changed the view on deficiency prevalence. The Skutskir study suggests that every
second citizen suffers from cobalamin/folate deficiency duting some period of het/his last ten
years of life (Bjérkegren 2003).

1.2.2.5 Senders of homocysteine/MMA messages

During the petiod 1990 — 2000, Swedish physicians are regarded mainly as receivers of mes-
sages about homocysteine, MMA, and deficiency states of cobalamin and folate. The main
senders of messages were four teams of scientists, the American group around John Lin-
denbaum, Robert Allen and Sally Stabler (Stabler et. al, 1986, 1988, 1996, Lindenbaum 1988,
1990), the Norwegian group around Per Magne Ueland, Helga Refsum and J6érn Schneede
(Refsum et. al 1989, Ueland & Refsum 1989, Schneede 1996), the Danish group around Kar-
sten Rasmussen, Ebba Nex6, and Jan Moéller (Nex6 et al 1994, Rasmussen et al 1990) and the
Swedish Brattstrom group (Brattstrom 1988).

The clinical chemists of Sweden were gradually convinced that homocysteine and MMA con-
tributed to early diagnosis and treatment of cobalamin/folate deficiency. For personal and lo-
gistic reasons, the revivalism for new markers grew with varying velocity in different parts of
the country (Table 2). Not all parts of Sweden had access to homocysteine and MMA analysis
in the clinical routine of their own county council in 2000, the end of the period of the present
studies.

Table 2. The spreading of homocysteine (Hey) and methylmalonic acid (MMA) from basic
clinical research on homocysteinuria to clinical routine for the diagnosis of cobalamin/folate
deficiency was slow, as illustrated by method development in the leading laboratories of uni-
versity hospitals in Sweden.
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University Hoy (year) MMA (year)

hospital

Lund 19867, 1992 1997
Gothenburg 19882, 1990 1995
Linkoping 19902, 1998¢ 1994
Umei 1993b -

2 Amino acid analysis
b HPLC (high pressure liquid chromatography)
< IMX

Basic data, conrtesy of the staff in charge of laboratory service at the sites mentioned.

Simultaneously with the discussions of the clinical chemists, the clinicians of Sweden also re-
viewed old traditions and new methods. A major debate took place in the Journal of the
Swedish Medical Association (Likartidningen) in 1992, Table 3.

Table 3. Contribution to the Swedish vitamin B12 debate in the Journal of Swedish Medical
Association (Likartidningen, L'T) 1992.

Brattstom L et al. LT 1992;89(7): 467 - 9

Maiage L, et al. LT 1992;89(12): 984 — 6
Nilsson-Ehle H, et al LT 1992; 89(17):1453 - 4
Borch K. LT 1992; 89(17):1459

Nordén et al LT 1992; 89(21):1870 — 3

Norberg et al LT 1992; 89(22): 2011 — 2

Lindstedt et al LT 1992; 89(23): 2083 — 4

Regland B, Gottfries C-G. LT 1992; 89(25): 2736 - 7
Grisbick R et al LT 1992; 89(41): 3377 - 80

The controversy was mainly a battle between senders who expressed their different views. No-
body appeared to be interested in the impact on the receivers. What ideas did the receivers ac-
cept? What ideas did the receivers reject? The questionnaire studies of the present dissertation
addressed the general practitioners and geriatricians (II-V). During the work, it became evident
to us that the Swedish tradition of oral high-dose cobalamin is unique in the world. Further-
more, the consumption of cobalamin appeared to be high in Sweden, at least compared with
other Scandinavian countries. Thus, it was hypothesised that the prescription pattern of co-
balamin by Swedish physicians might reflect their evaluation of the messages received during
the period 1990 — 2000.

1.2.2.6 Statistics of Sweden

The population statistics and the official databases of Sweden provide unique sources of in-
formation. Their values in the surveillance of health and drug safety are widely recognised by
the pioneer works of Westerholm and co-workers (Bottiger & Westerholm, 1971, 1973a, Bot-
tiger, Boman, Eklund & Westerholm 1980). In the present dissertation, such statistics defined
the context of cobalamin communication among general practitioners and geriatricians during

the petiod 1990-2000 (I).
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The early computerising of the health care, and the personal code number, made statistical
matching possible. This kind of scouting, “Medical intelligence”, had practical impact on clini-
cal practice. However, it is crucial to pay attention on some pitfalls. When pooling different
databases together, it is essential to make sure that the variables are collected on the same
scales of measurement, and that the definition of the variables are the same in different data-
bases (Sjcholm 1980, Nilsson & EkI6f 1983, Cassel 1985, Svensson 1993).

1.3 Aims of the dissertation

The aim of the present dissertation is to describe B12-associated views, knowledge and prac-
tice of Swedish physicians during the period 1990 — 2000. The material reflecting the physician
practice was provided by sale/prescription statistics (paper I) for the petiod 1990 — 2000.

Views and knowledge were probed by two questionnaire studies 1996 and 1998 (paper II — V).
The studied physician groups were general practitioners (GP’s), who made 95 percent of the

prescriptions, and geriatricians, who provide a group of hospital physicians with wide experi-
ence of B12-associated problems.

2. Material and method

2.1 Administrative organisation and tradition areas

The county councils in Sweden
are responsible for the health
care of their residents. This or-
ganisation traces back to 1862,

and was subject to formal

legislation in 1928. In the County Council administration
period 1990 — 2000, there were 11 pollica governmen:
21 county councils, organised [ ]

in six regions for expensive
s P . Primary health care Specialized health carg
health care and education.

Figure 1 gives an example of a |_I_|

structural model for the gen-
L Health care Health care Local
eral organisation of the Swed- Center Center Hospital

ish county councils. The re-
gions are organized in an
analogous structure.

Traditional organisation
of Swedish County Councils

Figure 1. A model for the administrative organisation of
Swedish Countv Councils.

The county councils are led by
elected politicians and staffed with employed administrators. The financing of the county
councils are from taxes (70 — 80 percent) and the rest from government transfers and patient
charges (SoS report 1993:3).

The county council organisation has regularly been subject to criticism for rigidity and top-
down management by business intelligence (Hamilton 1992, p 64):
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“People do not matke great efforts: they fulfil only the technical function they are given, not taking into consid-
eration whether it has a positive or negative effect on other functions or on their own activity.

Flexibility is hampered or even non-existent. This applies to the functioning and qualities of the people working
within the organisation as well as to the adoption of new techniques or the modification of old ones.
Inter-relations between people inside the organisation are limited or non-existing.

Information flow is primarily in one direction and is very slow to result in actions.

Prestige and formal position disguise the performance of individuals as well as the organisation.

Possibility of nsing social intelligence is limited although information sources exist within the organisation”.

In contrast to the hierarchical administrative organisation, Hamilton gives the following ideal-
ized model for an autonomous network, Figure 2.

The size of each
group is flexible, and
the members chosen

Autonomous research group organization : i
Adapted from Hamilton 1992, p 65. from their ability to

perform  their task
(Hamilton 1992, p
66):
“Energy output per indi-
vidual increases substan-
tially  through  personal
satisfaction and responsi-
biliy.
Management gains time to
manage, i.e. o see to it
sondingto that people  function at
m"'sr: their best and the organi-
sation develops and uses it
resources in the best possi-
ble way.
Flexibility is substantially
Figure 2. Model of an autonomous research network. increased.
Information  flows  auto-

Group
receiving from
inside,
sending to
outside

Group
receiving from
inside,
sending to
inside

Group receiving
from outside,

sending to
outside

outside and

Group receiving)
from outside,
sending to
inside

matically in both directions.

Part of the knowledge and information available in the organisation is integrated in the Business Intelligence
System in an efficient way.

Risk of self-deception, fraudulent behavionr, and secrecy negligence decreases”.

It should be emphasised that every looser has a reason to explain his fiasco and every winner
has a need to explain his success. The Hamilton model does not exclude some constructive
cooperation in the administrative system and some pitfalls of informal networks. Nor does the
Hamilton model take into account such factors as ”time” and ”chance”, as formulated by an
old cynic (Eccl. 9:11): *The race is not to the swift or the battle to the strong, nor does food come to the wise
or wealth to the brilliant or favour to the learned; but time and chance bappen to them all.”

In modern societies, there is an affluence of data. This huge amount of data does not auto-
matically create information and knowledge, useful for planners and researchers, when needed.
There are many facts, which are public and available, but can be difficult to collect in a way
that gives a better understanding for the development of the society in general (Andersson
1984).
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Stevan Dedijer was one of the first to realize the changes in the growing official statistic pro-
duction in the beginning of the 1960’ies. He meant, that with the growing official statistic pro-
duction and publication, ”spying is dying” (Carlsson 1992, Piganiol 1992, Dedijer 2004). The

orth East Area

North East Area
West Area
South Area

Figure 3. Tradition areas in Sweden.

Population (x103)
0-69/70 - years

4,415 /639
1,817 /281
1,498 /233

fact-finding, explained in terms of
scouting, military intelligence, se-
curity intelligence, business intelli-
gence or social intelligence was a
tool for information gathering and
pethaps new knowledge. In the
same time period, Westerholm
and co-workers reported the use-
fulness the databases of health
care in e.g. the surveillance of
drug safety (Bottiger & Wester-
holm 1971, 1973a); in analogy
with social intelligence in general,
the data mining in official health
records could be called ’medical
intelligence”.

In contrast to the county councils
of Sweden, informal areas of
slightly different medical tradi-
tions have emerged due to the
history of the health care of the
country; these tradition areas have
been described in at least one
previous report (Norberg 2001).
The starting point of the tradition
areas was the University hospitals
of  Uppsala-Stockholm, Lund-
Malmé, and Gothenburg (Figure
3). It is reasonable to assume that
similar tradition areas can be
found in other countries as well.

2.2 Sales and prescriptions of cobalamin

The sales statistics of cobalamin originated from Swedish Pharmaceutical Data (Like-
medelsstatistik AB, Stockholm, Sweden) and Apoteket AB, (Stockholm, Sweden, the Swedish
national supplier of drugs) throughout the period 1990 — 2000. The sales statistics covers pre-
scriptions from the primary health care. The B12 prescription in hospital care and sales over
the counter (without prescription) was negligible (2 — 3 percent). The population figures are

from Statistics Sweden (www.scb.se).
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2.3 Calculations and basic assumptions for B12
consumption

The calculation of the consumption of vitamin B12 uses the assumptions made by Apoteket
AB for their national statistics. Thus, for injections 1 mg of vitamin B12 as hydroxycobalamin
(approximately 80% of the market) or cyanocobalamin is assumed to correspond to 50 defined
daily doses (DDD) of parenteral therapy. For tablets (cyanocobalamin), the DDD of oral high-
dose vitamin B12 is assumed to correspond to 1 mg (one tablet, brands Behepan, approxi-
mately 80% of the market, and Betolvex). One patient year is the number of DDD’s (tablets
and injections) divided by 360. These approximations apply in paper L. It should be empha-
sised that the measure of cobalamin consumption in previous studies (II-V) were based on
other assumptions and sale profits. The conversion to patient years and official assumptions
makes present cobalamin figures comparable over time (I).

2.4 Questionnaire studies

The data for papers II — V originates from two inquiries accomplished 1996 and 1998. The
questionnaires comprised 24 statements inquiring knowledge and communication on vitamin
B12 deficiency. From the two inquiries, studies were made concerning the time course (i.c. dif-
ferences between GPs 1996 — 1998), primary health care versus hospital care (as reflected
among GPs and geriatricians, 1998), and finally influence of gender.

The questionnaires consisted of two types of statements, one questioning mainly knowledge of
the responder, one probing primarily cobalamin communication within the health care and the
society of Sweden. We tried to elucidate the stability of opinions, the acceptance of new
knowledge, the interaction between senders and receivers in cobalamin communication in
Sweden during the period 1990 — 2000. The questionnaires also contained some basic ques-
tions about the responder (age, sex duration of formal competence for up to three medical
specialities).

In the 24 statements questionnaire, the respondent was asked to mark her/his personal posi-
tion on an 11 grade visio-analogue scale ranging from 0="T reject it entirely” to 10="T agree
completely”. In constructing the scale, position 5 is in the middle to serve as a “neutral” an-
swer. If the respondent had to think more than 10 seconds, the instruction was to leave the
statement without evaluation. This was done with the purpose to get the respondents immedi-
ate view/knowledge on the statement.

There were two ways to handle the internal missing values. In the tables (paper II-V), they are
referred as missing values, while in statistical tests they were handled as “neutral” in position 5
of the scale. The rationale was that the position “five” on the scale was a “no decision”
equivalent with decline to answer.

In 1996 (paper II), 506 general practitioners were randomly sampled from the whole Swedish
register then comprising of 4,554 GPs. Swedish Pharmaceutical Data (Likemedelsstatistik AB,
Stockholm, Sweden) provided the stratified and randomised sample with addresses.

In the 1998 study all of the GPs that had been questioned in 1996 where excluded from the
sample base. The population base was then 4,030 GPs. A random sample of 499 GPs was
drawn from the database (paper I1I). Combined with the sample of 499 GPs there was a total
investigation among the 629 doctors working in geriatrics.
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2.5 Statements probing cobalamin knowledge

Table 4 lists the statements questioning the knowledge of vitamin B12 deficiency:

Table 4: Statements probing knowledge concerning vitamin B12 deficiency, analysis, and
treatment.
Statement number in Questionnaire | Statement text

3 “Women in fertile age are a risk group for vitamin B12 deficiency!”

4 “Vegans are a risk group for vitamin B12 deficiency!”

5 “Anorectics are a risk group for vitamin B12 deficiency!”

122

6 “Persons above 70 years of age are a risk group for vitamin B12 deficiency

7 “In alcoholics, serum cobalamin is often normal despite a functional vitamin B12 defi-

1”?

ciency

11 “Homocysteine in serum or plasma replaces entirely serum cobalamin and serum folate in
the first laboratory screening of a suspected case of malnutrition or malabsorption!”

14 “Serum gastrin, fasting value, is cheaper and more easy to interpret than the Schilling test in
cases of suspected vitamin B12 malabsorption!”

15 “Simultanecous deficiency of iron and deficiency of vitamin B12 may produce anaemia with
normal MCV (mean corpuscular volume)!”

16 “Treatment with vitamin B12 may turn a macrocytic anaemia into a microcytic anaemia!”

17 “It is an error of the art to treat a macrocytic anaemia with folate only!”

18 “Functional vitamin B12 deficiency in cells and tissues may occur despite normal or high
blood haemoglobin!”

19 “Functional vitamin B12 deficiency may occur despite normal or high serum cobalamin”

20 “There is no reason to substitute patients with atrophic gastritis with vitamin B12!”

[k

21 “As a precaution, I prescribe vitamin B12 to all my patients with atrophic gastritis

22 “There is no reason to substitute patients with vitamin B12 after gastric surgery!”

23 “As a precaution I prescribe vitamin B12 to all patients with gastric resections!”

24 “It is still acceptable to treat a patient with obscure neuropathy with vitamin B12 during 6-
36 months and evaluate treatment efficiency by clinical parameters (e.g. performance, walking
distance, reappearance of vibration sense or reflexes, reduction of sensory loss, reduction of
hair loss, reduction of muscular pain)!”

2.6 Statements probing cobalamin communication

Table 5 lists the statements probing communication of vitamin B12 deficiency:

Table 5: Statements of communication about vitamin B12 deficiency, analysis, and treatment.
Statement number in Questionnaire | Statement text

1 “Anamnesis and physical examination are essential in investigating and treating a case of sus-
pected vitamin B12 deficiency!”

2 “Vitamin B12 deficiency is nowadays entirely a laboratory diagnosis!”

8 “A competent clinician does not need many laboratory tests to find his cases of vitamin B12
deficiency. Every fifth patient investigated for suspected vitamin B12 deficiency has, in fact,
vitamin B12 deficiency!”

9 “Serum cobalamin and serum folate are valuable but, unfortunately, capricious markers for
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many different sorts of malnutrition and malabsorption. It is acceptable that only every 10%
investigation demonstrates deficiency of vitamin B12!”

10 “Serum cobalamin and serum folate are valuable but, unfortunately, capricious markers for
many different sorts of malnutrition and malabsorption. It is acceptable that only every 20th
investigation demonstrates deficiency of vitamin B12!”

12 “A meticulous clinician cannot do without serum methyl malonate when investigating a case
of suspected vitamin B12 deficiency!”

13 “The clinical significance of the modern matkers homocysteine and methyl malonate in
cases of suspected vitamin B12 deficiency is overrated!”

2.7 Ethical considerations

The answers of the questionnaires were not possible to trace back to the sender. This ensured
the anonymity of the respondent. The strategy had at least one drawback: it was not possible to
update missing social information as gendet, age and number of specialities. However, we felt
that the advantage with this procedure was valued among the respondents. The respondent
had the possibility to add her/his name on the questionnaire. About 90 percent of the respon-
dents did fill in their name and addresses.

The prescription data was on individual basis. The data were unidentified, and classified into
age groups and gender. Therefore, no unique individual was traceable.

2.8 Statistical considerations

The sales and prescriptions data in paper I represent a total account, not a sample, on sales/
prescriptions, classified into County Council areas. An observed difference between two
county councils is genuine, and should not be subject to any statistical tests. In contrast, the
grouping of county councils into tradition areas might induce a bias. Therefore, the classifica-
tion of county councils was tested to evaluate if an observed difference between areas is likely
to be actual, or was due to chance, dependent on the grouping. Small probabilities might re-
flect difference in tradition.

Unbalanced analysis of variance (ANOVA) was used to test the internal consistency within the
tradition areas (using comparison between the counties of each area) and the differences be-
tween the tradition areas. The use of unbalanced ANOVA is justified by the fact that the num-
ber of counties varies between traditions areas (McCullagh & Nelder 1983, Fleiss 1986, Mont-
gomery 1991, Wolter 1985). In all the data analysis, SAS® software (version 8.2, SAS Institute,
Cary, NC, USA) was used.

The 24 statements in the inquiry form is an 11 grade visio-analogue scale ranging from zero
="1 reject it entirely” to 10 =1 agree completely”. The number of possible alternatives is odd,
with the position “5” as a “neutral-ambivalent-don’t know” statement. At least we hoped that
the respondent would interpret the alternative in that way. An even number of grades forces
the respondent to choose side, either the rejecting or agreeing side. Because of the complexity,
of the statements, we had a desire to give the respondent a neutral alternative. The measure-
ment scale of the statements is ordinal, due to the construction of the scale (Eaden 1999).
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When measuring an event, object or individual, an assighment of a label to this object is desir-
able. If this label is distinguishing between two or more categories, this creates nominal or
categorical data, which is the lowest level of measurement scaling. Examples of categorical data
are the eye colour of a newborn infant, agree — not agree, yes — no, diagnosis (Stevens 1946,
Svensson 1993).

If you can order the data i.e. by assigning numbers from zero =1 reject it entirely”, to 10 ="1
agree completely”, the categorical measurements is defined as ordinal. Other examples are
place in a slalom race - first, second, third; school mark in mathematics - failed, passed, excel-
lent. On the ordinal level, the data remains invariant in transformations to preserving the or-
der, if you multiply the numbered scale by 10 it is still the same ranking between "I reject it
entirely” and I agree completely”. It is important to note that the numerical label does not
represent a mathematical value in a mathematical sense. The numerical value only represents a
category, ordered in relation to other categoties, and the intermediate distance between adja-
cent categories is varying (Stevens 1946, Svensson 1993).

If the data is quantitative, the numerals have a mathematical meaning. There is equidistance
between adjacent numerals; the measurement is on an interval scale. Mathematical operations,
like summations, are allowed on this measurement scale, and the data has a zero point of its
own. It is important to note, that the ratio of two values depends on the measurement unit.
The conversion of temperature from Celsius to Fahrenheit degrees is °F=32 + (9/5)* °C. This
gives that 32°F is zero °C, and 212°F is 100°C: the quote 0/100 # 32/212.

On the highest level of the measurement scale, the ratio scale, data is rank-ordered, equidistant,
have equality of ratios, and absolute zero. Examples of data on this measurement level ate in-
come, blood pressure and price. If the price of a commodity is zero €, then the commodity is
free of charge (Stevens 1946, Svensson 1993).

Statistical computations, like means and vatiances, are impossible to compute on nominal or
ordinal data. For nominal data, possible computations are mode and range, and for ordinal
data median and percentiles. Means, standard deviation and variance are only allowed on inter-
val and ratio scale. Table 6 describes some of the properties, for different scales of measure-
ment.

Table 6. Properties of scales of measurement.

Scale level Rank Property Equidistance Zero point
Nominal No No No
Ordinal Yes No No
Interval Yes Yes No
Ratio Yes Yes Yes

With the design of the two questionnaire studies, the sampling procedure of GPs resulted in
two almost independent samples. Respondents participating in the 1996 study were withdrawn
from the 1998 sample frame. This was done to avoid “learning effects” from seeing the ques-
tionnaires two times. There were also a question on the 1998 inquiry form sent to the GPs,
asking if they had been participating 1996. A few (n=29) of the GPs participating 1996 did also
answer the 1998 form. A guess is that they were answering for a college who did not feel that
she/he had the time or knowledge to answer the questionnaire.
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As mentioned before, the scale level of the questions is ordinal. Thus, nonparametric statistical
methods have to be used in analyzing the questionnaire data in respect of differences between
years, speciality and gender (Sprent 1993).

Two such types of statistical tests were utilised, in order to compare the different subgroups.
The first test is about central tendency in the material. In this case, either mode or median is
usable. The mode is easy to use, but it has the disadvantage that there can be more than one
mode in a distribution. The median gives the value where half of the respondents have a value
below, and half a value above (Figure 4). The median, chosen in this analysis, is easier to inter-
pret when comparing two populations.

In Figure 4, there are four mode values. The median and one of the mode values are in the bar
in the middle. When comparing two distributions, use of the mode could be problematic, if
there is more than one mode value in the distribution.

In paper III — V, the Mann-
Whitney two-sample test for
differences in median is used.
The idea behind this test is as
follows: If each of the two
populations has the same me-
dian, one would expect the
same number of observations
below and above their com-
mon median. With help of
the test, one tries to see if the
two populations have the
same, but unknown, median.
In  statistical terms, we
formulate these simple ideas
as follows.

Percent
20

median and mode mode  mode

Figure 4. Examples of mode and median in the
frequency distribution of a variable.

If the sample of » individuals comes from a population with unknown median 6, and a sam-

>

ple of # individuals from a population with unknown median 6, the hypothesis tested is:
Ho: 9,,,: 9,,

Percent
40

Against the alternative (two-
tail) hypothesis
Median Median ) yp

30 7 ,,,,, populationd___ _____________________ population2 _____
H1: 19,” -7é 19,,.

10 - AN o S
d 4 d 4 / / 7//%.

Population 1 [ Population 2

The test investigates if an
observed difference might be
due to chance, or if the dif-
ference is non-random. Un-
der the null hypothesis, a p-
value <0.05 is considered as
significant, and the null hy-
pothesis is rejected.

Figure 5. An example of two populations, with different
medians and frequency distribution.
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The Mann-Whitney test is
easy to use and makes it easy
to calculate confidence intet-
vals for differences between
the population medians
(Sprent 1993). Figure 5 shows
two distributions with me-
dian; # median,. In this case,
reject Ho.

In Figure 6, median; = me-
diany. In this case, accept Ho.

Besides the central tendency,
in this case the median, also
the shape of the frequency
function and hence the cu-

Percent

Common median
Median Median
population 1 population 2

300 ) -\

7

/I%I%l

Population 1 [ Population 2

2 7 vz

Figure 6. An example of two populations, with common
median and distribution.

mulative distribution

Percent
30

function of the two

populations is of interest.

20

Common median

Median
population 2

X Il S s

population 1

The shape of the distribution
gives an idea of the spread of
the data.

The question asked is as fol-
lows: Is the underlying distri-

bution for the two popula-
tions the same?  The

0 1 2 3 4

<€ Population 1 == Population 2

hypothesis tested is then:
Ho: the two samples originate
from the same underlying distri-

6 7 8 9 10

Figure 7. An example of two populations, with common
median and different distributions.

bution

Against
Hi: the distributions are different

There are no additional
assumptions about the nature
of the possible differences
(Sprent 1993).

In paper III-V, Cramér —von
Mises test for differences in
distribution shape is used.
Under the null hypothesis, a
p-value<0.05 is considered as
significant, and the null hy-
pothesis is rejected. In Figure

00 Cummulative Percent .,
B 4
4
75— e e
B Common median
50— AT
I ="
25 - T e
o [ L L L L L L
0 1 2 3 4 5 6 7 8 9 10
¢ Population 1 == Population 2
Figure 8. The cumulative distribution of two popu-
lations, with common median and different distributions.
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5, the frequency distributions
are different. In Figure 6, the
Statement 7 frequency distributions have
the same shape. TFigure 7
shows the case where the
medians are common, but the
distribution of the wvariables
differs. If plotting the
cumulative  distribution of
Figure 7 the following picture
is seen, Figure 8.

Percent
0

Agree In the instructions to the
questionnaire, the respon-
dents were instructed to
move to the next statement if
they not could give an answer
after ten seconds. This was
because the desire to have the immediate reaction on the statement. In the statistical analysis of
the statements, the internal missing values have been treated as a “neutral” or “no decision”
value, and are recoded from missing to “neutral”. The statements with the highest number of
recoded missing values are number 7, 10, 14 and 16. Figure 9 shows an example of the
cumulative distributions for the statement with and without missing as “neutral”. The eventual
impact of treating missing as neutral is given for statement 7 in the results.

Reject == Nithout missing + = Missing as "neutral"

Figure 9. Statement 7 with and without missing data as
“neutral”.

Some of the statements ate connected, i.e. if the respondent agrees on one statement she/he
should probably agree to another. To determine internal validity among some of the state-
ments, Cronbach’s alpha (o) have been used, and a Cronbach’s alpha greater than |0.6] is in

this case satisfactory. The rank correlation between the variables should also be >|0.5| (Cron-
bach 1951, Bland & Altman 1997).

3. Results and specific discussions

Patient years 3.1 Cobalamin

150000
Hoarding October - December

: 19f96 due to pharmaceutical ~ con teXt in
3 /\/ Sweden 1990 -
100000 [ PRIPEPY

2000 (1)

Swedish cobalamin context
1990 — 2000 was character-
ized by increasing oral therapy

e and stagnant parenteral thet-
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 S
. - apy. Physicians in Sweden had
== QOral high-dose ® Injections . .

gradually gained confidence in

oral vitamin B12, since its in-
troduction to the Swedish
market in 1964. It is evident

Figure 10. Total sales of vitamin B12 in Sweden 1990 —
2000 in patient years (all ages).
Source: Swedish Pharmaceutical Data
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from Figure 10 that by 1990 oral vitamin B12 therapy was as common as parenteral vitamin
B12 therapy. Since then, the balance between the different forms of therapy has changed
towards the tablets. The total experience of oral high-dose vitamin B12 in Sweden during the
period 1990 - 2000 corresponds to approximately one million patient years and for parenteral
therapy approximately 750,000 patient years. The increase of vitamin B12 sales from 1990 to
2000 could not be explained by an increase of eldetly people; residents aged 70 or over only
increased by 6% during the same period (Paper I).

The possibilities to make large population studies in Sweden are a result of the vital statistics,
otiginating in 1749. In Sweden, evety petson has her/his own petsonal code number, which
contains date of birth in six digits (year — month — day) and a three digit “setial number” rang-
ing from 001 to 999, even for women and odd for men. The last digit is a control number.
Every person in Sweden has a unique personal code number. This personal code was intro-
duced in Sweden 1947 (with nine digits), and extended to ten digits 1967. This was to make it
easier to computerize the national registration (Swedish National Tax Board 1999). This makes
it possible to track prescription data on a population basis.

3.2 Prescription pattern during 2000 (1)

Data for the year 2000 were
calculated from the PfeSCfip‘ DDD / 1,000 persons / day, 70 year and older
tion statistics of Apoteket [
AB, combined with the 150
population statistics of Statis- [
tics Sweden. It is estimated
that 13% of the residents
aged 70 years and over were
treated with vitamin B12, two
out of three with oral high-
dose vitamin B12. In the age
group below 70, only one

petcent of the individuals South Area West Area North-east Area
were treated with vitamin B Oral treatment [ Injections

B12, with an equal distribu- | Figure 11. Total prescriptions of vitamin B12 in Sweden
tion between tablets and in- | in the three tradition areas for residents 70 yeats and older
jections. during 2000. Source: Apoteket AB

It is evident from Figure 11 that vitamin B12 prescriptions and sales differed in the three tradi-
tion areas. The West Area had the highest prescription rate of both tablets and injections, the
Northeast Area the lowest (p<<0.001). In the North-east Area, 69% of the total vitamin B12
therapy was oral, compared with 58% in the West Area and 60% in the South Area (p<<0.001).
Among residents aged 70 years and over, the fraction treated with vitamin B12 was 12% in the
North-east Area, 16% in the West Area, and 14% in the South Area (p<<0.001).

As seen from Table 7 that the differences observed could not be explained by differences in

age and gender between the populations of the three tradition areas. Nor could any internal in-
consistency (heterogeneity) in the tradition areas be shown (p=0.75).
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Table 7. Age and gender distribution in the three tradition areas (Female / male petcent).

Tradition area 0 — 44 year 45 — 69 year 270 years
South 46 / 49 35/ 37 19 /14
West 46 / 50 35/ 36 18 /13
Northeast 46 / 49 36 / 37 18 /13

Source: Statistics Sweden

The differences between “Tradition areas”, in contrast to counties, supported the description
of these areas by a previous observer (Norberg 2002).

3.3 Statements probing knowledge (Il - V)

In the following section, the results from paper 11 — V are described. The figures shows the re-
sults of the time course study in GPs 1996 - 1998, the comparison between GPs and geriatri-
cians 1998 and the gender study in the total material 1996 - 1998.

3.4 Results of statements probing knowledge

The following statements were constructed to investigate the knowledge among Swedish GPs
and geriatricians on cobalamin-associated problems. The results are presented as three figures
(see appendix 1 for a complete description). For each of the papers IT — V tests are performed
and reported about difference in median (Mann — Whitney, MW, two sample test) and differ-
ence in distribution shape (Cramér — von Mises, CvM). The test is presented as p-values or as
ns (=not significant). In the figures in appendix 1, the results are commented below each
statement. “Md” is the abbreviation for median. It is important to remember that the results
shown should be interpreted according to the knowledge that was predominant during the pe-
riod 1996 — 1998.

3.4.1 Statement 3

The correct evaluation of the statement, “Women in fertile age are a risk group for vitamin B12 defi-
ciency” is supposed to be that women in fertile age are a small but important risk group for vi-
tamin B12 deficiency (Sandstrém 1996). However, this view was not widely spread or accepted
among the physicians at the time of the study. Schneede and co-workers pays attention to
pregnant women who also are vegans. The B12 deficiency due to the diet can cause several
problems for both the mother and the child (Schneede et. al 1994).

The opinion of GPs was stable over the period studied, identical with that of the geriatricians
1998 and independent of the gender of the responder (see Statement 3, appendix 1).

3.4.2 Statement 4

The correct evaluation of the statement, “1egans are a risk group for vitamin B12 deficiency”, is sup-
posed to be that vegans are a risk group for vitamin B12 deficiency (Lee 1993b, Schneede
1994, Hoffbrand 1996, Bevan 2004).

The knowledge of the GPs on the issue was acceptable and increasing (MW, p<0.001; CvM,
p<0.001). However, by 1998 geriatricians were slightly better than GPs (MW, p<0.03) and
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female doctors better than
male doctors (MW, p<0.001; Statement 4
CvM, p<0.01) on this issue 100 Fereent
(see statement 4, appendix 1) i
One possible  explanation
might be that female doctors
were in majority among geri-
atricians. Thus, a speciality
difference could mimic a
gender difference, se Figure
12.

Reject

== Female doctors 4 Male doctors Agree

3.4.3 Statement 5

The correct evaluation of this
statement, " Anorectics are a risk
group for vitamin B12 deficiency”,
appears to be that anorectics are a risk group for vitamin B12 deficiency (Lee 1993b, Weather-
all 1996, Bevan 2004).

Figure 12. Cumulative distribution: Female and male
doctors on statement 4.

Statement 5

From this point of view, the
knowledge of the physicians
studied was acceptable, with
extra credit to female doctors
MW, p<0.001; CvM,
p<0.01), Figure 13, and geri-
atricians (MW, p<0.02). The
observed gender difference
might be because female
doctors are in  majority
among the geriatricians (see
statement 5, appendix 1).

Reject Agree

= Femaledoctors <+ Male doctors

Figure 13. Cumulative distribution: Female and male
3.4.4 Statement 6 doctors on statement 5.

The correct evaluation of this
statement: “Persons above 70
years of age are a risk group for
vitamin B12 deficiency” appears
to be that persons above 70
years of age are a risk group s
for vitamin B12 deficiency -
(Sandstrom 1996, Nilsson- L AR RChS” SRRbb
Ehle 1998, Bjorkegren &

Svirdsudd 1999). 25

Statement 6
Percent

Female doctors MW, L e e S
p<0.001; CvM, p<0.01), Fig- Reject
ure 14, and geriatricians
(MW, p<0.001; CvM,
p<0.01), Figure 15, were a bit

9= Femaledoctors 4 Male doctors Agree

Figure 14. Cumulative distribution: Female and male
doctors on statement 6.
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Statement 6
Percent
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0 S
] /.
ols e ———
Reject = GPs1998 0 Gerialricians Agree

Figure 15. Cumulative distribution: Geriatricians and GPs
on statement 0.

Statement 7

75

25

0

Reject Agree

+++ Male doctors

=@= Female doctors

Figure 16. Cumulative distribution: Female and male
doctors on statement 7

“neutral” does not alter the results of the statistical analysis.

3.4.6 Statement 11

more aware of the problem
than GP’s, but overall the
knowledge was good (see
statement 6, appendix 1). The
observed gender difference
might be because female
doctors are in majority among
the geriatricians.

3.4.5 Statement 7

Statement seven was formu-
lated: In  aleobolics, serum co-
balamin is often normal despite a
Junctional vitamin B12 deficiency”.
The correct evaluation of this
statement appeats to be that
serum cobalamin is often
normal, despite a functional
vitamin ~ B12  deficiency,
among alcoholics (Lee et al.
1993).

About one third of the doc-
tors were uncertain about this
statement, females least (see
statement 7, appendix 1). Fe-
male doctors agreed more to
this statement than their male
colleagues did, Figure 16
MW, p<0.001; CvM,
p<0.01). This does probably
reflect a gender difference,
since there was no difference
between specialities. The use
of internal missing values as

For the statement 11: “Homuocysteine in serum or plasma replaces entirely serum cobalamin and serum
Jolate in the first laboratory screening of a suspected case of malnutrition or malabsorption” the correct
evaluation appears to be that homocysteine replaces cobalamin and folate in the first labora-
tory screening of a suspected case of malnutrition or malabsorption (Refsum 2002).

At the time, when the investigations were performed, not many laboratories had the equipment
necessary to perform the modern tests (Table 2). The virtues of homocysteine in deficiency di-
agnosis of cobalamin and folate are evident from a glance at its key position of the methionine
cycle. A lack of coenzyme (methylcobalamin) will raise the levels of homocysteine. A lack of
substrate (5-methyltetrahydrofolate) will also cause elevation of homocysteine levels; and so
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will a combined deficiency of both cobalamin and folate. Thus, homocysteine provides a sen-
sitive marker for eatly stages of deficiency of cobalamin, folate, or both (Nilsson 2004).

The limitation of homocysteine as deficiency marker is a lack of specificity. Inborn errors of
metabolism, impaired renal function (nephrosclerosis), impaired liver function, and several
drugs hold back homocysteine levels in the presence of cobalamin and folate in physiological
concentrations (Nilsson 2004).

At the time of the investigations, about 75 percent of the doctors were reluctant to accept the
statement (see statement 11, appendix 1).

3.4.7 Statement 14

The correct evaluation the statement “Serwm gastrin, fasting value, is cheaper and easier fo interpret
than the Schilling test in cases of suspected vitamin B12 malabsorption” is that serum gastrin is cheaper
and easier to interpret than the Schilling test.

In many Western countries, the Shilling test is still the “golden standard” when evaluating
suspected vitamin B12 deficiency (Andres 2004). In Sweden today, the costly Schilling test is
hardly used anymore: it has been replaced by more reliable and cheaper tests such as serum
gastrin and serum pepsinogen A (Nilsson-Ehle 2003). At the time of the study, the Swedish
clinical laboratories wete at the crossroad between old and new markers for vitamin deficiency.
Lindgren and co-workers
(Lindgren 1998) focused on
gastrointestinal ~ causes  to Percent Statement 14
cobalamin deficiency in their

studies.

Among the doctors, there
were four out of ten that were
uncertain, and the rest almost
equally divided between re-
jections an acceptance (see
statement 14, appendix 1).
The GPs were closer to Reject
agreement than geriatricians

, Hi 17, MW, - - . —
;Vigem' é%ul\f[e p<0.01). The Figure 17. Cumulative distribution: Geriatricians and GPs

on statement 14.

= GPs 1998 @ - Geriatricians Agree

statistical test results were not
changed with or without
missing data as “neutral”.

3.4.8 Statement 15

“Simultaneons deficiency of iron and deficiency of vitamin B12 may produce anaemia with normal MCV”
(mean corpuscular volume)”. The correct evaluation of this statement appears to be that simultane-
ous deficiency of iron and deficiency of vitamin B12 may produce anaemia with normal MCV.

The classical concept is “a dimorph picture”, with one fraction of small erythrocytes and one
with large erythrocytes (c.f. Figure 5). Together they provide anaemia with normal MCV.
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Statement 16

0 Cummulative Percent

Reject Agree

@ GPs 1996 == GPs 1998

Figure 18. Cumulative distribution: GPs 1996 and GPs
1998 on statement 16.

Statement 16

Percent
100

75}

o [ L
Reject

Agree

== GPs 1998 0" Geriatricians

Figure 19. Cumulative distribution: Geriatricians and GPs
on statement 16.

Statement 16

Cummulative Percent
00

Reject Agree

@ Female doctors  * Male doctors

Figure 20. Cumulative distribution: Female and male
doctors on statement 16.
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The two-shape picture was
known both 1996 and 1998,
with a credit to the female
doctors who seemed to agree
a bit more (CvM, p<0.05)
than the male doctors did (see
statement 15, appendix 1).

3.4.9 Statement 16

The correct evaluation of the
statement “Treatment with vita-
min B12 may turn a macrocytic
anaemia into a microcytic anae-
miad’ is that treatment with
vitamin B12 only, can turn a
macrocytic anaemia into a mi-
crocytic anaemia (Lee 1993c,
Norberg & Palmblad 1998). If
a patient, with a haemoglobin
value below 110 g/L, is
treated for vitamin B12 defi-
ciency, this may deplete the
body stores of potassium, iron
and folate. Thus, it is advis-
able to substitute with potas-
sium, iron and folate during
the first treatment period for
B12 deficiency.

Among the GPs, the insight
that a macrocytic anaemia can
turn into a microcytic anaemia
had increased during he pe-
riod 1996 — 1998, Figure 18,
MW, p<0.01; CvM, p<0.01).
The GPs were also more
aware about the problem than
the geriatricians were, Figure
19, MW, p<0.01; CvM,
p<0.05). The observed opin-
ions are compatible with the
hypothesis that GPs meet
younger patients, and had met
the problem more often in
their practice. Furthermore,
male doctors seemed more
aware about this than their
female colleagues, Figure 20,
(MW, p<0.04; CvM, p<0.05).
Thus, the observed “gender



difference” might be explained by female overrepresentation among geriatricians (see state-
ment 16, appendix 1).

3.4.10 Statement 17

For the statement, “If is an
error of the art to treat a macrocytic Statement 17
anaemia with folate only” the
correct evaluation is that it is

an error of the art to treat a
macrocytic  anaemia  with
folate only. If a B12 defi-
ciency is incipient, masked by
folate treatment, no anaemia
develops, while the B12 defi-
ciency will continue to pro-
duce neuropathy. An alco-
holic with low folate should
be treated with both folate
and vitamin B12. The S-co- | Figure 21. Cumulative distribution: GPs 1996 and GPs
balamin is probably a false 1998 on statement 17.

normal value due to cirrhosis
of the liver and raise in hap-

Reject

@ GPs199%6 = GPs 1998 Agree

tocorrin. An isolated folate Statement 17

treatment in this case might 100 Rrcent 2
worsen  the  neuropathy

(Lambert 1997, Carmel 2001). ey Y S

Among the GPs the agree-
ment decreased during the
period, Figure 21, (MW,
p<0.0; CvM, p<0.01), while
the geriatricians seemed a bit
more aware about this fact,

;.—0"'

Figure 22, (MW, P<0.05; Reject == GPs 1998 =O= Geriatricians Agree
CvM, p<0.01). There were no

gender difference (see state- | Figure 22. Cumulative distribution: Geriatricians and
ment 17, appendix 1). GPs on statement 17.

3.4.11 Statement 18

“Functional vitamin B12 deficiency in cells and tissues may occur despite normal or high blood haemoglobin”
The correct evaluation on this statement is that functional vitamin B12 deficiency in cells and
tissues may occur despite normal or high blood haemoglobin (LLee 1993c, Norberg & Palmblad
1998).

The Swedish GPs and geriatricians were well informed on this topic at the time of the study

with extra credit to female doctors, Figure 23, (MW, p<0.001; CvM, p<0.0), whete a majority
did fully agreed to the statement (see statement 18, appendix 1).
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3.4.12 Statement 19

The correct evaluation of this
statement “Functional vitamin
B12 deficiency may occur despite
normal or high serum cobalamin”
is that functional vitamin B12
deficiency may occur despite
normal or high serum co-
balamin (Hultdin 1998). Only
B12 that is bound to transco-
balamin is accessible for the
cells. About 70 — 80 percent
of the measured B12 in blood
is bound to haptocorrin.

The GPs agreed to this both
1996 and 1998, as did the

geriatricians.  The  female
doctors seemed a bit more
convinced, Figure 24, (MW,
p<0.01; CvM, p<0.05) than
their male colleagues (see
statement 19, appendix 1).

3.4.13 Statement 20

The statement “There is no
reason to substitute patients with
atrophic  gastritis  with  vitamin
B12” was rejected of three
out of four doctors, ie. the
physicians accepted prophy-
lactic treatment for patients
with atrophic gastritis.

It is reasonable to assume
that the “gender difference”
that female doctors were
more inclined to prophylactic
treatment, Figure 25 (MW,
p<0.01; CvM, p<0.05), is due
to speciality difference, since
males were overrepresented
among GPs and females
among  geriatricians  (see
statement 20, appendix 1).

Statement 18

Percent
100

25 , ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, S A

e e

ole
Reject Agree

== Female doctors =+ Male doctors

Figure 23. Cumulative distribution: Female and male
doctors on statement 18,

Statement 19
Percent
100 4

75}

ok
Reject

Agree

== Female doctors 4 Male doctors

Figure 24. Cumulative distribution: Female and male

Statement 20

oL
Reject

Agree

== Female doctors  *++ Male doctors

Figure 25. Cumulative distribution: Female and male
doctors on statement 20.
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4.3.14 Statement 21

The statement “As a precantion,
Statement 21 I prescribe vitamin B12 to all my
patients with atrophic gastritis’

is a corollary of previous
statement (see statement 21,

appendix 1).

Percent

The hesitation of the physi-
cians reflected the difficulty of
giving definite rules of thumb.
It is reasonable to assume that
@ Femaledoctors <+ Male doctors Agree L};z Z%i:ng\f[r\x/(’hgirgﬁ)cle; ’(:Si\%[’

p<0.01) reflected a speciality
Figure 26. Cumulative distribution: Female and male | ifference, Figure 27, (MW,

doctors on statement 21. p<0.01; CvM, p<0.01).

Reject

Statement 21 It should be emphasised that
atrophic gastritis is a gradual
process; the stage at which
prophylaxis should be given is
to some degree a matter of
opinion, which could be dis-
cussed in terms of gastrin
values and values of pepsino-
gen A (Lindgren et al 1997,
1998). In testing the internal
consistency between some
statements, the following hy-

pothesis was tested with use
Figure 27. Cumulative distribution: Geriatricians and of Cronbach’s o and

GPs on statement 21.

Percent

Reject Agree

== GPs 1998 =0 - Geriatricians

rank
correlation: Statement 20 and
21 are linked. If individuals

agree with statement 21, they should reject statement 20. In this case, a=—1.55 and the rank

cotrelation p=—0.45, which give support to the hypothesis.

3.4.15 Statement 22

A large majority of the doctors rejected the statement “T'here is no reason to substitute patients with
vitamin B12 after gastric surgery”. Since surgery may interfere with cobalamin absorption, substitu-
tion is warranted (Wintrobe 1993, Oxford 1996, Rampton 1996).

It is reasonable to assume that the gender difference on this issue might reflect a reality, Figure

28, (MW, p<0.01; CvM, p<0.01), a credit to the female doctors; there were no demonstrable
speciality differences (see statement 22, appendix 1).
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3.4.16 Statement 23

To the statement, “As a pre-
cantion 1 prescribe vitamin B12 to
all patients with gastric resections”,
the doctors showed a dichot-
omy reaction, a concentration
in both ends of the scale, with
one out of four in the “un-
certainty” position (see state-
ment 23, appendix 1)

Statement 22

Percent
00

Reject Agree

All four statements on atro-
phic gastritis and gastric sur-
gery are akin. Such patients
are prone to develop defi-
ciency in the course of time
(Lee 1993c, Rampton 1996, Reily & Cawley 1996). Thus, it is suggested that they should re-
ceive prophylaxis with the vitamins cobalamin and folate.

=9= Female doctors 4+ Male doctors

Figure 28. Cumulative distribution: Female and male
doctors on statement 22.

To test the internal consistency between statement 22 and 23, the following hypothesis was

tested with the help of Cronbach’s a and rank correlation: Statement 22 and statement 23 are
also linked. If individuals agree with 23, they should reject 22. In this case, Cronbach’s

a=-1.97 and the rank correlation p=—0.5 support the hypothesis.

3.4.17 Statement 24

The correct evaluation of the
last statement on the ques-
tionnaire is that “If is still ac-
ceptable to treat a patient with
obscure  neuropathy with  vitamin
B12  during 6-36  months and
evaluate  treatment  efficiency by
clinical  parameters’  (Magnus
1986, Schneede 1996, Kuz-
minski 1998).

Statement 24

Cummulative Percent
00

0 1 I I I

This was well known among
most GPs and geriatricians
(see statement 24, appendix 1),
although the GPs were a bit

Reject Agree
1 @ GPs 1996 == GPs 1998 9

Figure 29. Cumulative distribution: GPs 1996 and GPs
1998 on statement 24.

more convinced 1998 then
1996, Figure 29, (CvM,
p<0.05).

3.5 Results of communication statements

The questions of communication are aimed to explore the impact of the debate on vitamin
B12 deficiency problems during the period 1990 — 1996 and the debate that followed during
the period 1996 — 1998. Many senders had sent their messages, and the receivers could choose
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to accept or reject these messages. In Table 3, the contribution to the Swedish vitamin B12
debate in the Journal of Swedish Medical Association (Likartidningen) 1992 is given. The
senders could be colleagues, speakers at international/national meetings, the pharmaceutical
and laboratory industry, patients and other lobby groups. Sometimes the receiver of a message
later acted as sender (cf. Habermas 2003).

The results are presented as time course of opinion in the GP groups, GPs versus geriatricians
1998, and female versus male doctors 1996 - 1998. The differences in median and in distribu-
tion shapes were tested with the same methods, Mann — Whitney (for medians) and Cramér —
von Mises (for distribution) as in the previous section.

3.5.1 Statement 1

To the statement, “Anamnesis and physical examination are essential in investigating and treating a case of
suspected vitamin B12 deficiency”, the doctor opinion was spread over the scale, although a majority
was on the “agreeing” side.

B12 deficiency has many different symptoms, which makes it difficult to diagnose. The symp-
toms can be haematological, neuropsychiatric and others e.g. glossitis, infertility, and weight
loss (Schneede 1996). It was important for the physician to make use of the normal “debug-
ging” scheme in contact with the patient: case history, medication, heredity, physical examina-
tion, social status and present problems or ill health (see statement 1, appendix 1).

3.5.2 Statement 2

To the statement, “Vitamin B12 deficiency is nowadays entirely a laboratory diagnesis”, the female
doctors were a bit more sceptical towards the statement, Figure 30, (MW, p<0.03; CvM,
p<0.05) than their male colleagues (see statement 2, appendix 1) but the answers were quite
evenly spread over the scale.
Both clinical diagnosis and laboratory diagnosis of cobalamin deficiency present pitfalls. In
interpreting serum cobalamin
Statement 2 levels, the wvalues can some-
Percent times be falsely high (hiding a
i deficiency) or  sometimes
falsely low (imitate a defi-
ciency). This is due to differ-
ent causes. Falsely high values
can occur due to abnormal
serum binding proteins or an
unreported cobalamin injec-
tion before the test occasion.
Falsely low values might be
6= Femaledoctors  *+ Male doctors Agree due to, among other things, a
folate deficiency, pregnancy
Figure 30. Cumulative disttibution: Female and male | ©f iron deficiency (Lee 1993b,
doctors on statement 2. ¢, Schneede 1996, Nilsson
2000).

Reject

It is reasonable to assume that the hesitation of the physicians in the evaluation of the preced-
ing statement and present statement reflects the complexity of underlying realities. The back-
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ground to deficiency depends on many processes - a slow onset over many years, a complex
uptake and a normal body store that can last for many years.

3.5.3 Statement 8

The statement, “A competent clinician does not need many laboratory tests o find bis cases of vitamin B12
deficiency. Every fifth patient investigated for suspected vitamin B12 deficiency has, in fact, vitamin B12 defi-
cieney”, was rejected both 1996 and 1998. The portion of physicians who were hesitating was 25
percent (see statement 8, appendix 1).

The statement reflects the evaluation of clinical examination versus laboratory testing. The
feeling of the responders was that less than every fifth suspect has indeed B12 deficiency.
Sandstrém (1996) found that nine percent of analyzed serum samples had a cobalamin value
<145 pmol/L. The investigating labotatoty had a reference range of 130 - 670 pmol/L, the
expected cut-off for deciles at the lowest values.

3.5.4 Statement 9

To the statement, “Serum cobalamin and serum folate are valuable but, unfortunately, capricious markers
for many different sorts of malnutrition and malabsorption. It is acceptable that only every 10" investigation
demonstrates deficiency of vitamin B12”, the reaction was the same as in the previous statement (see
statement 9, appendix 1).

The evaluation of the statement is difficult. In a patient study from 1993, with serum cobala-
min as sole marker, Sandstrém and co-workers found a hit ratio of approximately 1:10 in the
specialities most familiar with cobalamin deficiency (Sandstrém 1996). In a population study
with MMA as marker, Bjérkegren found that 10 percent of the examined had elevated values
(Bjorkegren 2003).

3.5.5 Statement 10

This statement, “Serum
cobalamin and serum folate are Statement 10
valnable — but,  unfortunately, oo Fercent

capricions — markers  for  many
different sorts of malnutrition and
malabsorption. 1t is acceptable that
only every 20th  investigation
demonstrates deficiency of vitamin
B712”, was rejected by a ma-
jority of the doctors; how-
ever, one out of four was
again uncertain (see statement 0
10, appendix 1). The geriatri- Reject — GPs 1098 =@ - Geriatricians Agree
cians, Figure 31, (MW,
p>0.03; CvM, p<0.05) and | Figure 31. Cumulative distribution: Geriatricians and GPs
the female doctors, Figure 32, on statement 10

MW, p<0.01; CvM, p<0.01)
rejected this statement more
firmly.
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In this case, there is no difference of the statistical tests if internal missing values is used as
“neutral” or not. The comparison between female and male doctors is not altered cither.

Statement 10

Reject Agree

== Femaledoctors 4 Male doctors

Figure 32. Cumulative distribution: Female and male
doctors on statement 10.

It should be emphasised that
the gender difference of
opinion may, in fact, be a
speciality  difference.  The
grouping together of the total
material will provide relevant
information on gender differ-
ence only in case that there is
no significant difference be-
tween GP’s 1996, GP’s 1998
and geriatricians 1998. The
problems of the present
studies (II — V) reflect a
structure problem of Meta
analysis.

The internal consistency

between the statements 8, 9 and 10 tested with Cronbach’s o] and rank correlation gives the

following hypothesis, and results: Suppose a grouping of statement 8, 9 and 10. There is,
though, a possibility that a person could reject all tree statements, but they should not agree
completely with all three statements. When testing the consistency with all three statements

together, the result where that they did not seem to bee grouped, 0=0.54, which is not re-
garded as satisfactory (the same applies if statement 8 is tested with statement 9 or statement

10 separately). Comparison of statement 9 and 10 gives, a=0.80, and the rank correlation is
0.66, which is better. To conclude: statement 8 does not seem to group with statement 9 or
statement 10, but statement 9 and statement 10 seems linked together.

3.5.6 Statement 12

Statement 12
Percent

100

75}

0 L L
Reject

- GPs199%6 = GPs 1998 Agree

Figure 33. Cumulative distribution: GPs 1996 and GPs
1998 on statement 12.

The answers to the statement,
“A meticnlons clinician cannot do
without  serum  methyl  malonate
when investigating a case of sus-
pected  vitamin B12  deficiency”,
showed that the physicians
seemed to accept the new
marker MMA when investi-
gating vitamin B12 deficiency
(see statement 12, appendix

).

During the period 1996 —
1998, the GPs gained in con-
fidence, Figure 33, (MW
p<0.001; CvM, p<0.01). This
is remarkable, since MMA

could be analysed at few laboratories at the time of the investigations (Table 2). It is reasonable
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to assume that the early Swedish studies with MMA as a tool of clinical research had paved the
road for its acceptance (Brattstrom 1988, Regland 1991).

3.5.7 Statement 13

To this statement, “The clinical
significance of the modern markers Statement 13
homocysteine and methyl malonate 100 Fercent
in cases of suspected vitamin B12 [
deficiency is overrated’,  there
was a significant shift in
attitudes in favour of modern
markers, Figure 34, (MW,
p<0.001; CvM, p<0.01)

14 .

25

among the GPs. Geriatricians L e
X4
also accepted the new mark- !
ers (see statement 13, appen- 0
dix 1). Reject = GPs 199 == GPs 1998 Agree

However, the view is still Figutre 34. Cumulative distribution: GPs 1996 and GPs
highly controversial (Neuman 1998 on statement 13.

2003, Rosenberg et. al 2004).
First, elevated levels of MMA and homocysteine may be due to other causes than vitamin B12
deficiency (Bolander-Gouaille 2002). Second, the time of prophylaxis or therapy is subject to
debate.

The internal consistency between the statements 11, 12 and 13 tested with Cronbach’s o and
rank correlation gives the following hypothesis and results: Statement 11 and statement 13
were linked and so are statement 12 and 13. Individuals agreeing with statement 11 or state-
ment 12 or both should always reject statement 13.When all three statements are included the
a=—0.47, with statement 11 and 13 the a=-0.02 (p=-0.01)and statement 12 and
13 a=—1.38 (and p=—0.4), which indicates that 12 and 13 are related, but 11 and 13 are not.

4. General discussion

The present study defined the practice of cobalamin treatment in Sweden in the period 1990-
2000 (I). The Swedish tradition of B12 therapy has been thought to be unique in the world for
a long time (Berlin 1968, 1978, Lederle 1991, 1998, Nyholm 2003). However, this is the first
thorough study on the Swedish cobalamin tradition. The Swedish consumption of cobalamin
was high, for instance, six times the Danish consumption (Andersen 2004).

One characteristic of the Swedish practice of cobalamin therapy is the use of oral high-dose
medication. In the rest of the world, parenteral therapy dominates (Nyholm 2003). It is sug-
gested from Figure 13 that a paradigm shift occurred in Sweden during the period 1990 —
2000. The physicians accepted the new markers for cobalamin deficiency, homocysteine and
methylmalonic acid, and the focus changed from treating overt deficiency with clinical symp-
toms, to treating patients with preclinical stages of deficiency (patients at risk).
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Furthermore, the present studies investigated views, knowledge and practice in two key groups
of physicians, general practitioners and geriatricians in the period 1996-1998 (1I-V). The
knowledge of B12-associated problems appeated to be close to the state of the art in the phy-
sicians evaluated, as checked against the leading textbooks of the period as Wintrobes Clinical
Hematology, Oxford textbook of Medicine and Axfords Medicine. A brief discussion of the
observations, assumptions, and theoretical models behind the studies is warranted.

The population-based study of Bjérkegren (Bjorkegren 2003) suggests that every second citi-
zen suffers from deficiency for some period duting her/his last ten years. Although the symp-
toms are mild and reversible in most cases, it is reasonable to assume that a considerable gain
in health and quality of life could be achieved by early diagnosis and treatment. Thus, it is still
important to trace and treat cobalamin/folate deficiency.

Manifest pernicious anaemia is rare today, (Norberg & Palmblad, 1998). This observation is
consistent with the hypothesis that competent GPs reveal and treat deficiency states at an early
stage (II-V). The cost of this competence is a high consumption of B12, as compared with
other countries (Hvas 2002, Andersen 2004). The risk for over-treatment, as manifested as
toxic teactions from B12 consumption, seems to be negligible. The abundant vitamin B12 is
eliminated via the utine (Betlin 1968).

In Sweden, patients with vitamin B12/folate deficiency have left the outpatient clinics of the
hospitals and moved to the general practitioners of primary health care since about 1970
(Shenkin 1973, Carder 1980, Sandstrém 1996). An analogous trend appears to be in progress in
other Western countries (Andrés 2003). In Western countries, deficiency is mainly due to gas-
trointestinal malfunction such as atrophic gastritis (Nilsson-Ehle 1988); a prolonged life span
in the population might expand incidence and prevalence. In developing countries, the defi-
ciency is mainly thought to be due to malnutrition (Andres 2003).

With the development and more widespread use of new markers for vitamin B12/folate defi-
ciency, the possibility to discover a deficiency in an early stage increased. From around 1970,
bone marrow smears and serum cobalamin had innovated B12 deficiency analysis (Chanarin &
Metz 1997). The new markers, homocysteine (Hcy) and methylmalonic acid (MMA) were in-
troduced in the late 1980’ies (Lindenbaum et al 1988, 1990).

In Sweden, the technical basis for shifts of practice in cobalamin therapy was the estimation of
serum cobalamin and serum folate in clinical routine from about 1970 and the introduction of
homocysteine and methylmalonic acid in clinical routine in the period 1990 — 2000 (Table 2).
In other comparable countries, classical methods as bone marrow smears and the Schilling test
were still advocated (Lindgren 1997, Chanarin & Metz 1998, Andres 2003). It is reasonable to
assume that Swedish physicians were successful in the adaptation of new technique and new
ideas due to a vivid cobalamin communication between different doctors (Engstedt et al 1998).

Homocysteine and MMA signal in an early stage for functional vitamin B12 deficiency, and are
cheaper and more effective than the old Shilling test (Schneede 1996, Lindgren 1997). The
Shilling test is almost exterminated in Swedish medical praxis today, but was still used around
1995. However, a slightly modified Shilling test is still seen as a standard test in other Western
countries (André 2003).

In the process of spreading new information, for example about new markers for vitamin
B12/folate deficiency, there is a complicated interaction between the sender of the new con-
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cepts and the receiver of the message. For the receiver to obtain and interpret the new infor-
mation, and transform it into useful knowledge she/he needs to be able to:

1. Receive data.
2. Have knowledge to interpret the data.

3. Have time to interpret the data.

The process could be formulated as the following functional model (Andersson et al 1984,
Andersson 1984):

I=f(D, K, 1) “.1)
Where
I= information; f=function; D= data; K= knowledge; t=time

The interaction between sender and receiver is a crucial step of communication (Andersson et
al 1984, Andersson 1984). If the presentation of the data from the sender is imperfect, or if the
receiver is lacking knowledge and/or time, the function of information transfer will be impet-
fect. The receiver of the information could ignore or misconstrue the message. These informa-
tion exchanges need to be a two-way exchange in order to create communication between a
sender and a receiver.

It is important to remember that information not necessarily is equal to new knowledge. The
information needs to couple to a system of relationships that has been set up, and judged for
their relevance and capability to either support or falsify the hypothesis of interest (Piganiol
1992).

In formula 4.1, the data can be presented in a variety of ways: it can consist of numbers or let-
ters, a paper in a review, the speech on a conference. The knowledge consists of the receiver’s
knowledge and experience, and the way she or he can convert the data to information with this
in mind. The time available for interpreting the data in relation to knowledge is also varying.
Sometimes the receiver only has a short moment for interpretation, in other cases several
days/years. A simple example is reading a text: you have to recognise the letters have the
knowledge to interpret the meaning of the word, and the time to read the word.

In its simplest form, an act of communication is either a success or a failure, dependent on the
receiver’s response to the senders’ assertion, either with affirmation or with refusal. The Ger-
man philosopher Jirgen Habermas gives three fundamental types of validity claims raised by a
sender in a speech act (Habermas 2003):

1. “A claim to the truth of what is said or is presupposed.”

2. “A claim to the normative rightness of the speech act in the given context or the underlying
norm.”

3. “A claim to the truthfulness of the speaker”.
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In communication, the sender has different tools, e.g. reviews in scientific papers, meetings
with the receivers, advertising brochures, and discussions. It should be emphasised, that a suc-
cessful sender has to listen to qualified receivers in order to get their respect and their eats.

The GPs of Sweden see many patients with cobalamin/folate deficiency each year and develop
considerable skill and knowledge in the field (Sandstrém 1996). In 1992, the main senders on
cobalamin messages were involved in a major debate in Likartidningen (Table 3). The senders
were different kinds of “experts” such as basic researchers, clinical chemists, internists, hae-
matologists, neurologists, psychiatrists, geriatricians. The main receivers of the message were
various prescribers. It is reasonable to assume that the prescription pattern in Figure 13 reflects
the impact of communication on GPs, since they prescribe about 95 percent of the cobalamin
sales. The role of other actors such as pharmaceutical industry and laboratory industry remains
to be elucidated.

The existence of different “tradition areas” in Sweden has previously provided some kind of
“medical folklore”, (Norberg 2002), believed by some and denied by others. The sales and pre-
scription study (I) demonstrated differences in cobalamin consumption between the postulated
tradition areas, but not between the county councils of the administrative organisation of
Swedish health care. The observation supports the view that tradition areas existed and maybe
still exist to some degree. It is reasonable to assume that the phenomenon is worth further
studies.

The Swedish use of oral high-dose (1 mg/day) treatment of vitamin B12 deficiency was con-
sidered “medicine’s best kept secret” (Lederle 1991, Vidall-Alaball & Butler 2003). Two out of
three patients with B12 deficiency were treated with tablets in Sweden, during the year 2000.
The Swedish experience of oral high-dose treatment was more than one million patient years
during the period 1990 — 2000 (paper I).

The first oral high-dose preparation was introduced to the Swedish Market 1964. It gradually
gained the confidence of Swedish physicians. The B12 uptake by intrinsic factor and cubilin is
thought to be restricted to approximately 1 microgram daily. One or two micrograms more
may be absorbed by diffusion, mainly in the upper part of the small bowel (Berlin 1968, 1978,
Kuzminski 1998). Approximately 1% of oral cyanocobalamin is absorbed by such diffusion,
i.e. 10 microgram from a 1 mg tablet. This regimen is calculated and proven sufficient for most
patients, who ate able to comply. In demented persons and alcoholics, compliance failure is to
be expected; such patients should have parenteral therapy.

For the patient, the oral high-dose treatment has led to advantages — freedom from consulta-
tions and injection pain, avoidance of tiredness at the end of an interval between two injec-
tions. Such features may seem as convenient to the post-modern human (Singer 1993, Tinnsj6
2001) as to the traditional “old Adam”.

With the introduction of the “7-crown reform” in Sweden 1970, a large group of hospital phy-
sicians had their payment changed from capitation per patient treated to a monthly wage
(Shenkin 1973, Carder 1980). The treatment of parenteral vitamin B12 deficiency was at that
time handled among these specialists mainly. With the introduction of oral high-dose treatment
of B12 deficiency, the workload for the doctor was reduced, since the patient, normally healthy
in other aspects, reduced the number of yeatly visits from 4 — 16 to one or two. Thus, with a
monthly wage that was not dependent of number of patients treated, the tablets might have
been a labour-saving measure. In Sweden, the oral treatment in is financially neutral to the
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patient, the producer and the prescribers. However, other scientists have argued that oral
treatment saves society many costs, compared with parenteral therapy (Hvas 2001, Nyholm
2003 and Andres 2004).

Most Swedish patients with B12 deficiency were handled by general practitioners in primary
health care in the beginning of the 1990’ies. In our first study (Paper II) it was found that the
GPs where familiar with the biochemical, pathophysiological and social problems associated
with vitamin B12 deficiency.

The first study (II) led to more discussion and resulted in a debate book “Controversies
around vitamin B12 “(Engstedt et al1998). In order to evaluate the stability, a new study was
performed two years later (I1I). The main finding when comparing these two years was that the
GPs had improved their professional knowledge and competence in B12-related clinical and
laboratory problems. The shifts were marginal: “from brightness to brightness”; although sta-
tistically significant. The shape of the sale statistics curve suggests that the paradigm shift from
treatment of clinical deficiency to prophylaxis of clinical deficiency took place during the pe-
riod of the questionnaire studies 1996 — 1998 (I -V).

Since approximately 95 percent of the cobalamin prescriptions originate from GPs (I), it was
desirable to compare their skill and competence with that of hospital-based physicians (IV).
The geriatricians were chosen as a contrast; cobalamin/folate deficiencies are common among
geriatric patients (Sandstrom 1996, Bjérkegren 2003). There were marginal but significant dif-
ferences of opinion between GPs and geriatricians. Some of the divergence in views and
knowledge might be explained from differences of patients managed; other might reflect the
physicians’ gender. Among the geriatricians, there were almost 60 percent female doctors, in
contrast to 40 percent among GPs.

The Meta analysis (paper V) was designed to elucidate whether there were differences of opin-
ion between female and male doctors. Our findings were compatible with the hypothesis that
there are gender differences in the attitudes of doctors toward B12-associated problems; the
differences were marginal, although statistically significant on some statements. Our findings
are consistent with the observations of gender differences in other fields of doctoring (Anders-
son 1995, Risberg 2004). A tentative hypothesis could then be formulated: a female doctor
seems to be more observant to clinical findings, and a male doctor to laboratory findings.

The stability of B12-related opinions within the group of general practitioners in the period
1996-1998 was remarkable (III). The absolute shifts were generally small, although the statisti-
cal significance often was high. The observation is consistent with the hypothesis that most
physicians were aware of the state of the art. However, it should be emphasised the knowledge,
competence and opinions are a matter of continuous training and communication. The state of
the professional skill 1996-1998 cannot be projected to 2004; it is suggests that present state
should be defined by present studies.

The population statistics of Sweden is unique (I). In the present context, these statistics implies
a possibility to define the full extent of the Swedish experience with oral cobalamin therapy,
parenteral cobalamin therapy, folic acid therapy, and the possible side effects of different regi-
mens. Such future studies provide an opportunity of international interest (cf. Bottiger &
Westerholm 1973, 1980).
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4. 1 Summary

This is the first study to define the context of contemporary B12 tradition in Sweden during
the period 1990 — 2000. The period was distinguished by an intense debate on the issue by the
physicians, an increase of cobalamin consumption, and a shift from parenteral therapy towards
oral high-dose therapy. The Swedish experience with oral high-dose cobalamin (cyanocobala-
min, 1 mg daily) comprised approximately one million patient years. In the same period, the
experience with parenteral cobalamin comprised 750,000 patient years.

In a communication model, the physicians were mainly receivers of messages from basic re-
searchers and clinicians with special interest in the field. The findings suggested that the clinical
introduction of the new B12 deficiency markers homocysteine and methylmalonic acid pro-
duced a shift in paradigm, from treatment of clinical deficiency to treatment of threatening de-
ficiency (prophylaxis).

This study is the first to set the senders and the receivers of cobalamin communication on the
same level, quantify, and evaluate the feedback from the receivers. The receivers, general prac-
titioners and geriatricians, appeared to be familiar with both knowledge and frontier concepts
in the field. Thus, it is suggested that the increase of vitamin B12 prescriptions in Sweden 1990
— 2000 reflect an increased awareness of B12-associated clinical problems among the physi-
cians managing the majority of patients.

5. Acknowledgement

I thank my scientific advisers, Johan Lokk, Bo Norberg, and Géran Westman, for constructive
criticism, my former employer, County Council of Visterbotten, for a generous redundancy,
the material basis for two post-doctoral years of research, my trade union, JUSEK, for
strength, skill, and solidarity in the negotiations, which led to the redundancy mentioned, my
friends and co-workers for inspiration and support in crisis, my loyal family. My most cordial
Thanks!

45



6. REFERENCES

Andersen S E. Vitamin B12 in geriatrics. (Swe) Vitamin B12 i geriatriken. Nordisk geriatrik 2,
2004, pp. 18 — 22.

Andersson A, Brattstrém L, Isaksson A, Israelsson B, Hultberg B. Determination of homocy-
steine in plasma by ion-exchange chromatography. Scand ] Clin Lab Invest. 1989
Sep;49(5):445-9.

Andersson S, Grandsen |, Waara R, Zackrisson U. Databildningen i samhillet. (Data formula-
tion in society). Department of statistics, Umed University, Sweden, 1984.

Andersson S. Data - vigen till kunskap? (Data — the road to knowledge?) Statistisk Tidskrift
1984:3 pp 237 — 243.

Andersson S-O. Time and general practice consultations — aspects of length, attendance and
quality. Umea University Medical Dissertations. New series No 442. Umea, Sweden 1995.

Andrés E, Perrin A-E, Demangeat C, et al. The syndrome of fo-coalamin malabsorption revis-
ited in a department of internal medicine. A monocentric cohort study of 80 patients. Eur |
Intern Med 2003; 14:221-226

Andres E, Loukili N H, Noel E, et al Vitamin B12 (cobalamin) deficiency in elderly patients.
CMAJ: Aug. 3, 2004; 1780 (3): 251 — 259.

Arkbége K. Vitamin B12, folate and folate-binding proteins in dairy product — analysis, process
retention and bioavailability. Dissertation, Swedish University of Agricultural Sciences. Upp-
sala, Sweden 2003.

van Asselt D Z, Pasman ] W, van Lier ] H et al Cobalamin supplementation improves cogni-
tive and cerebral function in older, Cobalamin-deficient persons. Journal of Gerontology:

MEDICAL SCIENCES 2001, Vol. 56A, No. 12, M775 — M779

Berlin H, Berlin R, Brante G. Oral treatment with pernicious anemia with high doses of vita-
min B12 without intrinsic factor. Acta Med Scand 1968; 184: 247-58.

Berlin R, Berlin H, Brante G, Pilbrant A. Vitamin B12 body stores during oral and parenteral
treatment of pernicious anaemia. Acta Med Scan 1978; 204:81-84.

Bevan D H. Haematological Disease. In: Axford J., O Callaghan C. (eds.) Medicine. 24 ed.
Blackwell Science Ltd, Oxford, 2004, pp. 994 - 1077.

Bland, ] M, Altman, D G. Cronbach’s alpha. BM]J. 1997; 314:572

Bjorkegren K, Svirdsudd K. Elevated serum levels of methylmalonic acid and homocysteine in
elderly people. A population based study. ] Intern Med 1999; 246:603 - 11

Bjorkegren K. Studies on Vitamin B12 and Folate deficiency markers in the elderly. A popula-

tion based study. Dissertation, Department of Public Health and Caring Sciences, Uppsala
University, Sweden 2003.

46



Bolander-Gouaille C. Focus on homocysteine and the vitamins involved in its metabolism.
Springer Verlag, Paris 2002.

Brattstrém L, Israelsson B, Lindgarde F, Hultberg B. Higher total plasma homocysteine in vi-
tamin B12 deficiency than in heterozygosity for homocystinuria due to cystathionine beta-
synthase deficiency. Metabolism, 1988 Feb;37 (2):175-8.

Bottiger L E, Westerholm B. Oral contraceptives and tromboembolic disease. Acta Med.
Scand. Vol. 190, pp. 455-463, 1971.

Boéttiger L E, Westerholm B. Drug-induced blood dyscrasias in Sweden. BMJ 1973, 3, 399-343.

Bottiger . E, Boman G, Eklund G, Westerholm B. Oral contraceptives and tromboembolic
disease: Effects of lowering cestrogen content. Lancet 1980, 24, pp1097 — 1102.

Carder M, Klingberg B. Towards a salaried medical profession: How “Swedish” was the seven
crowns reform? In: Heidenheimer AJ, Elvander M, eds. The shaping of the Swedish health
system. London: Croom Helm; 1980: 143-172.

Carlsson M. Stevan Dedijer — The world jumper. In: Sigurdson J, Tapgeryd Y (eds.). The intel-
ligent corporation. The privatisation of intelligence. A tribute to Stevan Dedijer on his 80%

birthday, July 6, 1991. Taylor Graham, LLondon, 1992. pp 185 — 196.

Carmel L. Folate deficiency. In: Homocysteine in Health and Disease (eds. Carmel L. &
Jacobsen DY), first edition, Cambridge University Press 2001, pp 271-288.

Cassel C. Statistical matching — statistical prediction, what is the difference? Statistical review,
5,55 — 66 1985.

Chanarin I, Metz ]. Diagnosis of cobalamin deficiency: the old and the new. Br ] Haematology
1997; 97: 695 - 700.

Christen W G, Ajani U A, Glynn R ], Hannekens C H. Blood levels of homocysteine and in-
creased risks of cardiovascular disease. Causal or casual? Arch Intern Med 2000; 160: 422 —
434,

Cronbach L J. Coefficient alpha and the internal structure of tests. Psychometrika 1951; 16;297

Conley C L, Krevans | L, Chow B F, Barrows C, Lang C A. Observations on the absorption,
utilization, and excretion of vitamin B12. J Lab Clin Med 1951; 38:84-94.

Cox WV, White A M. Methylmalonic acid excretion: Index of vitamin B12 deficiency. Lancet
1962; ii: 852-856.

Dedijer S. What Swedes do not know about Sweden [culture]. Rondel 2004; 19. URL:
http://www.rondellen.net

Eaden J, Mayberry K M, Mayberry ] F. Questionnaires: the use and abuse of social survey
methods in medical research. Postgrad Med ] 1999;75:397 - 400.

47



Elia M. Oral or parenteral therapy for B12 deficiency. Lancet 1998; 352:1721-2.
Engstedt L, Nilsson-Ehle H, Norberg B, Palmblad J (eds.). Controversies around vitamin B12
(in Swedish). Pedagogforlaget, Klippan (Sweden) 1998.

Engstedt L. Vitamin B12. Past and present (in Swedish) in: Engstedt L, Nilsson-Ehle H, Not-
berg B, Palmblad | (eds.). Controversies around vitamin B12 (in Swedish). Pedagogforlaget,
Klippan (Sweden) 1998.

Fleiss ] L. The design and analysis of clinical experiments. John Wiley & Sons, New York 1986.

Freeman A G, Nyholm E §, Snowden J A, Chan-Lam D, Thomas SE, Ng J-P. Oral or par-
enteral therapy for vitamin B12 deficiency. Lancet 1999; 353:410-1

Garcia A, Zanibbi K. Homocysteine and cognitive function in elderly people. CMA]J. 2004 Oct
12; 171(8):897-904.

Gueant | L, Nicolas ] P, eds. Cobalamin and related binding proteins in clinical nutrition. El-
sevier, Amsterdam 1990.

Hamilton D. The intelligence imperative for managers. In: Sigurdson J, Tapgeryd Y (eds.). The
intelligent corporation. The privatisation of intelligence. A tribute to Stevan Dedijer on his 80®
birthday, July 6, 1991. Taylor Graham, London, 1992. pp 59-69.

Hankey ] G, Eikelboom ] W. Homocysteine and vascular disease. Lancet 1999; 354: 407 — 413

Hankey ] G, Eikelboom ] W. Folic acid-based multivitamin therapy to prevent stroke. The Jury
is still out. Stroke. 2004; 35:1995-1998.

Habermas ]. On the pragmatics of communication. Ed. Maeve Cooke. Blackwell, Oxford
2003.

Herbert V. Vitamin B12. In: Ziegler E E, Filer L ] eds. Present knowledge in nutrition. 7% ed.
Washington DC: Intenational Life Sciences Institute Press, 1996:191 — 205.

Herbert V. The elderly need oral vitamin B12. Letters to the Editor. Am ] Clin Nutr
1998;67:739-40.

Hodgkin D C, Kamper ], MacKay M et al Structure of vitamin B12. Nature 1956; 178:64 -69.

Hodgkin D C. The X-ray analysis of complicated molecules. Nobel Lecture, December 11,
1964.

Hultdin J. Vitamin B12. Molecule, metabolism and marker. In: Engstedt L, Nilsson-Ehle H,
Norberg B, Palmblad ] (eds). Controversies around vitamin B12 (Swe).Pedagogférlaget, Klip-
pan (Sweden) 1998.

Hultdin J. B vitamin group. In: Nilsson-Ehle H (eds.) Laurells Klinisk Kemi i praktisk medi-

cin.(Laurells Clinical chemistry in practical medicine) Studentlitteratur Lund 2003, pp 643 —
652.

48



Hoffbrand A V. Megaloblastic anaemia and miscellaneous deficiency anaemias. In: Weatherall
D J, Ledingham | G G & Warell D A. (eds.) Oxford Textbook of Medicine, 3:td edition, vol 3,
pp. 3484 — 3499. Oxford University Press, Oxford 1996

Hvas A M. Diagnostics and treatment of vitamin B12 deficiency. Dissertation, Aarhus Univer-
sity, 2001.

Higg G. The Nobel Prize in Chemistry. Presentation speech. In: Nobel Lectures, Chemistry
1963-1970, Elsevier Publishing Company, Amsterdam, 1972.

Johnson M A, Hawthorne N A, Brackett W R, Fischer | G, Gunter E W, Allen R H, Stabler S
P. Hyperhomocysteinemia and vitamin B-12 deficiency in elderly using Title Illc nutrition ser-
vices. Am | Clin Nutr. 2003 Jan; 77(1):211-20.

Kaltenbach G, Noblet-Dick M, Barriere-Figue G et al. Early normalization of low vitamin B12
levels by oral cobalamin therapy in three older patients with pernicious anemia (letter). ] Am
Geriatr Soc 2002; 50(11):1914-5.

Kuzminski A M, Del Giacco E J, Allen R H, Stabler S P, Lindenbaum J. Effective treatment of
cobalamin deficiency with oral cobalamin. Blood 1998; 82:1191-8.

Lambert D et al. Alcoholic cirrhosis and cobalamin metabolism. Digestion 1997; 58:64-71.

Ledetle F A. Oral cobalamin for pernicious anemia. Medicine's best kept sectet? Journal of the
Ametican Medical Association 1991;265(1):94-95.

Lederle F A. Oral cobalamin for pernicious anemia: back from the verge. ] Am Ger Soc
1998:46:1125-1127.

Lee G R. Iron deficiency and iron-deficiency anemia. In: Wintrobe’s Clinical Hematology (eds.
G Lee, T L Bitchell, Y Foster, Y W Athens, Y N Leukens), Toronto, Lea & Febiger 1993a, pp
808 — 839.

Lee G R. Nutritional factors in the production and function of erytocytes. In: Wintrobe’s
Clinical Hematology (eds. G Lee, T L Bitchell, Y Foster, Y W Athens, Y N Leukens), Toronto,
Lea & Febiger 1993b, pp 158 — 194.

Lee G R. Megaloblastic and nonmegaloblastic macrocytic anameias. In: Wintrobe’s Clinical
Hematology (eds. G Lee, T L Bitchell, Y Foster, Y W Athens, Y N Leukens), Toronto, Lea &
Febiger 1993c, pp 158 — 194

Lindenbaum J, Healton E B, Savage D G et al Neuropsychiatric disorders caused by cobalamin
deficiency in the absence of anemia or macrocytosis. New Engl | med 1988; 318:1720-28

Lindenbaum J, Savage D G, Stabler S P, Allen R H. Diagnosis of cobalamin deficiency: II.

Relative sensitivities of serum cobalamin, methyl malonic acid and total homocysteine concen-
trations. Am ] Hematol 1990; 34:99 — 107.

49



Lindgren A, Bagge E, Cederblad A, Nilsson O, Persson H, Kilander A F. Schilling and
protein-bound cobalamin absorption tests are poor instruments for diagnosing cobalamin
malabsorption. ] intern Med 1997; 241:477 — 484.

Lindgren A. On the diagnosis of cobalamin malabsorption, with special reference to the identi-
fication of patients in whom substitution treatment is warranted. Dissertation, Gothenburg

1998.

Lokk J. Deficiency of cobalamin and folate. A practitionet’s guide. [debate]. Rondel 2002; 12.
URL: http://www.rondellen.net

Magnus E M. Cobalamin and unsaturated transcobalamin values in pernicious anaemia: Rela-
tion to treatment. Scand ] Haematol 1986; 36;457-65.

McCulagh P, Nelder | A. Generalized Linear Models. Chapman and Hall, London 1983.

McCully K S., McCully M. The heart revolution. The extraordinary discovery that finally laid
the cholesterol myth to rest. Perennial, New York 2000

Mclntyre P A, Hahn R, Masters ] M, Krevans ] R. Treatment of pernicious anemia with orally
administered cyanocobalamin (vitamin B12). Arch Intern Med 1960; 280-92.

Macleod M, Mumford CJ. Neurological Disease. In: Axford J., O’Callaghan C. (eds.) Medicine.
2nd ed. Blackwell Science Ltd, Oxford, 2004, pp. 867 - 958.

Medicine. Axford J., O’Callaghan C. (eds.) Medicine. 274 ed. Blackwell Science Ltd, Oxford,
2004.

Montgomery D C. Design and analysis of experiments, 3 edition. John Wiley & Sons, New
York 1991.

Neuman M. Homocysteine in moderation [editoriall. Rondel 2003; 17. URL:
http:/ /www.rondellen.net

Nex6 E, Hansen M, Rasmussen K, Lindgren A, Grisbeck R. How to diagnose cobalamin defi-
ciency. Scand | Clin Lab Invest Suppl. 1994;219:61-76. Review

Nilsson-Ehle H. Haematological investigations in the aged, a cross-sectional and longitudinal
study. Dissertation, Gothenburg University, Sweden 1988.

Nilsson-Ehle H. Age-related changes in cobalamin (vitamin B12) handling. Implications for
therapy. Drugs Ageing 1998; 12:277-92

Nilsson-Ehle H, Sandstrém H. Anemier. I: Likemedelsboken 2001-2002:189-201, Apoteks-
bolaget

Nilsson M, Ekl6f J. Information system for judicial system. Occupation on prisons in a mid-
term perspective (in Swedish). SARI, 1983:1, Department of Justice, Stockholm.

50



Nilsson M. Cobalamin and folate deficiency. Paradigm shift in screening [evaluation]. Rondel
2004; 18. URL: http:/ /www.rondellen.net

Nilsson K. Cobalamin / folate status and its relation to cognition and behaviour in psychogeti-
atric patients. Dissertation, Lund 2000.

Norberg B, Palmblad J. Deficiency of vitamin B12 suspected — clinical picture, diagnosis and
management, p.99-120. In: Engstedt L, Nilsson-Ehle H, Norberg B, Palmblad J (eds). Contro-
versies around vitamin B12 (in Swedish). Pedagogférlaget, Klippan (Sweden) 1998.

Notberg B. Main medical traditions of Sweden. In: Norberg B. Umed — a society model [cul-
ture]! Rondel 2002; 10. URL: http://www.rondellen.net

Nygard O, Vollset S E, Refsum H, Brattstrém L, Ueland P-M. Total homocysteine and cardio-
vascular disease. | Intern Med 1999: 246:425 — 454.

Nyholm E, Turpin P Swain D, et al. Oral vitamin B12 can change our practice. Postgrad Med ]
2003; 79:218-20.

Oxford Textbook of Medicine. Weatherall DJ., Ledingham ] G G & Warell D A. (eds.), 3:rd
edition. Oxford University Press, Oxford 1996

Piganiol P. The emergence of corporate intelligence. In: Sigurdson J, Tapgeryd Y (eds.). The
intelligent corporation. The privatisation of intelligence. A tribute to Stevan Dedijer on his 80
birthday, July 6, 1991. Taylor Graham, London, 1992. pp 23-38.

Pippard M J. Iron Metabolism and its disorders. In: Weatherall D J., Ledingham ] G G &
Warell D A. (eds.) Oxford Textbook of Medicine, 3:rd edition, vol 3, pp. 3470 — 3483. Oxford
University Press, Oxford 1996

Rajan S, Wallace | I, Brodkin K I, Beresford S A, Allen R H, Stabler S P. Response of elevated
methylmalonic acid to three dose levels of oral cobalamin in older adults. ] Am Ger Soc 2002;
50:1789-95.

Rampton D S. Gastrointestinal disease.. In: Axford J. (eds.) Medicine. Blackwell. Oxford, 1996.

Rasmussen K, Méller ], Ostergaard K, Kristensen M O, Jensen J. Methylmalonic acid concen-
trations in serum of normal subjects: biological variability and effect of oral I-isoleucine loads
before and after intramuscular administration of cobalamin. Clin Chem. 1990 Jul;36(7):1295-9.

Rasmussen K, Moller J, Lyngbak M, Pedersen A M, Dybkjaer L. Age- and gender-specific ref-
erence intervals for total homocysteine and methylmalonic acid in plasma before and after vi-
tamin supplementation. Clin Chem. 1996 Apr;42(4):630-6.

Refsum H, Helland S, Ueland P M. Fasting plasma homocysteine as a sensitive parameter of
antifolate effect: a study of psoriasis patients receiving low-dose methotrexate treatment. Clin

Pharmacol Ther. 1989 Nov;46(5):510-20.

Refsum H. Total homocysteine. Guidelines for determination in the clinical laboratory. Clin
Lab News 2002 (May), p. 12-4.

51



Regland B. Vitamin B12 deficiency in dementia disorders. Dissertation, Department of Psy-
chiatry and Neurochemistry, Gothenburg University, St. Jérgen's Hospital, Sweden, 1991.

Reilly J T, Cawley ] C. Haematological disease. In: Axford J. (eds.) Medicine. Blackwell. Ox-
ford, 1996.

Risberg G. “I am solely a professional — neutral and genderless”. On gender bias and gender
awareness in the medical profession. Dissertation. Family Medicine, Department of Public
Health and Clinical Medicine, Umea University, Umed, Sweden, 2004.

Rhodes P. An outline history of medicine. Butterworths, London 1985.

Rosenberg P, Hernborg A, Hikansson J, Skoglund I, Svartholm R, Séderstrém U, Wahlstrém
R. B vitamins and dementia — lack of evidence in Cochrane analysis [debate]. Rondel 2004; 19.
URL: http://www.rondellen.net

Ross G I M, Mollin D L, Cox E V, Ungley C C. Hematologic responses and concentration of
vitamin B12 in serum and urine following oral administration of vitamin B12 without intrinsic
factor. Blood 1954; 9:473-88.

SAS Institute Inc., SAS/STAT® Uset’s Guide, Version 6, Fourth Edition, Volume 2, Cary,
NC: SAS Institute Inc., 1989. 846 pp.

Sandstrém H, Norberg B, Rudolphi O, Westman G. Cobalaminopenia in a post-industrial so-
ciety: Minimal incidence, age distribution, and differences by sex. Curt Ther Res 1995;57:599-
605.

Schneede J., Dagnelie D C, Refsum H, Ueland P M. Nutritional cobalamin deficiency in
infants. Advances in Thomas Addison’s Diseases. Eds Bhatt, James, Besser, Bottazzo & Keen.
Journal of Endocrinology Ldt, Bristol, 1994; Vol 1, pp 259-268.

Schneede J. Novel methods for the determination of methylmalonic acid, a marker of func-
tional cobalamin deficiency. Method development and clinical application. Dissertation, Uni-
versity of Bergen, Department of Clinical Biology, Division of Pharmacology, 1996.

Schroeder M L, Rayner H L. Red cell, platelet and white cell antigens. In: Wintrobe’s Clinical
Hematology (eds. G Lee, T L Bitchell, Y Foster, Y W Athens, Y N Leukens), Toronto, Lea &
Febiger 1993 a, pp 616 — 650.

Schroeder M I, Rayner H L. Transfusion of blood and blood components. In: Wintrobe’s
Clinical Hematology (eds. G Lee, T L Bitchell, Y Foster, Y W Athens, Y N Leukens), Toronto,
Lea & Febiger 1993 b, pp 651 - 700

Seshadri S, Beiser A, Selhub ], Jaques P F, Rosenberg I H, D Agostino R B, Wilson P W F,
Wolf P A. Plasma homocysteine as a risk factor for dementia and Alzheimer’s disease. N Engl

J Med 2002;346:476-483

Shenkin B N. Politics and medical care in Sweden: The seven crowns reform. N Engl ] Med
1973; 288:555-9.

52



Singer P. Practical Ethics — second edition. Cambridge Univ. Press, Cambridge 1993.

Sjéholm O. Swedish society statistics. Ethics, policy, planning. (in Swedish). Dissertation, De-
partment of Statistics, Stockholm University, Akademilitteratur AB, Stockholm 1980.

SoS report 1993:6. Health care and social services in seven European countries. The Swedish
national board of health and welfare.

Stabler S P, Marcell P D, Podell E R, Allen R H, Lindenbaum J. Assay of methylmalonic acid
in the serum of patients with cobalamin deficiency using capillary gas chromatography-mass
spectrometry. ] Clin Invest. 1986 May;77(5):1606-12.

Stabler S P, Marcell P D, Podell E R, Allen R H, Savage DG, Lindenbaum J. Elevation of total
homocysteine in the serum of patients with cobalamin or folate deficiency detected by capillary
gas chromatography-mass spectrometry. J Clin Invest. 1988 Feb;81(2):466-74.

Stabler S P, Lindenbaum J, Allen R H. The use of homocysteine and other metabolites in the
specific diagnosis of vitamin B-12 deficiency. ] Nutr. 1996 Apr;126(4 Suppl):1266S-72S.

Stevens S S. On the theory of measutement. Science 1946;103:677-80.
Stubbe J. Binding site revealed of Nature’s most beautiful cofactor. Science 1994; 266:1663 — 4.

Svensson E. Analysis of systematic and random differences between paired ordinal categorical
data. Dissertation, Department of Statistics. University of Gothenburg, Sweden, 1993.

Swedish National Tax Board informs: Personal code. 1999 RSV 704 edition 7. (Skattemyndig-
heten informerar: Personnummer. Utgiven 1999 av Riksskatteverket, RSV 704 utgava 7)

Spices T D, Stone R E, Toca R L, Aramburu T. Vitamin B12 by mouth in pernicious and nu-
tritional anaemia and sprue. Lancet 1949;2:454-6.

Takasaki Y, Moriuchi Y, Tsushima H, Ikeda E, Koura S, Taguchi J, Fukushima T, Tomonaga
M, Ikeda S. Effectiveness of oral vitamin B12 for pernicious anaemia and vitamin B12 defi-
ciency anaemia (Jap). Rimsho Ketsueki 2002; 43(3):165-9.

The National Board of Health and Welfare http://www.sos.se/smkh/1998-29-072/1998-29-
072.HTM

Tinnsjé T. Du skall understundom dripa (Thou shalt occasionally kill). Prisma, Stockholm
2001.

United Nations: Population Division of the Department of Economic and Social Affairs of the
United Nations Secretariat, World Population Prospects: The 2002 Revision and World Ur-
banization Prospects: The 2001 Revision, http://esa.un.otg/unpp, 19 July 2004; 6:34:57 PM.

Unglaub W G, Goldsmith G A. Oral vitamin B12 in the treatment of macrocytic anemias.
Southern Med J 1955; 48:261-9.

53



Ueland P M, Refsum H. Plasma homocysteine, a risk factor for vascular disease: plasma levels
in health, disease, and drug therapy. ] Lab Clin Med. 1989 Nov;114(5):473-501. Review.

Ungley C C. Absorption of vitamin B12 in pernicious anaemia. I. Oral administration without
a source of intrinsic factor. BMJ 1950; 2:905-8.

Waife S O, Jansen C J, Crabtree R E, Grinnan E L, Fouts P J. Oral vitamin B12 without intrin-
sic factor in the treatment of pernicious anaemia. Ann Intern Med 1963; 58:810-17.

Walraven C van, Austin P, Naylor C D. Vitamin B12 injections versus oral supplement. How
much money could be saved by switching from injections to pills? Can Fam Physician
2001:47:79 — 86.

Vidal-Alaball ], Butler C C. Ciritical review: oral high-dose cobalamin [debate]? Rondel 2003;
15. URL: http://www.rondellen.net/debate15_eng.htm

Videbaek A. Hematologi, isaer klinisk og pathofysiologisk, pp. 60-62. Munksgaard, Copenha-
gen 1961.

Wintrobe’s Clinical Hematology. Lee G, Bitchell TL, Foster Y, Athens Y W, Leukens Y N
(eds.), Toronto, Lea & Febiger 1993.

Wintrobe M M. The diagnostic and therapeutic approach to hematologic problems. In: Win-
trobe’s Clinical Hematology (eds. G Lee, T L Bitchell, Y Foster, Y W Athens, Y N Leukens),
Toronto, Lea & Febiger 1993, pp 3 - 6.

WHO. Turning the tide of malnutrition: responding to the challenge of the 21t century. Ge-
neva: WHO, 2000 (WHO/NHD.007).

Weatherall DJ. The blood in systemic disease. . In: Weatherall D |, Ledingham ] G G & Warell
D A. (eds.) Oxford Textbook of Medicine, 3:rd edition, vol. 3, pp. 3676 — 3687. Oxford Uni-
versity Press, Oxford 1996

Wolter K M. Introduction to variance estimation. Springer Vetlag, New York 1985.

54



AppendiXx






A 1 Statement 1

Al

Statement No. 1 Time Course
Percent

Statement No 1 GPs and Geriatricians
Percent

Statement No 1 Female and Male doctors
Percent

Reject

Reject

Reject

MW, p=ns; CvM, p=ns

MW, p=ns; CvM, p=ns

MW, p=ns; CvM, p=ns

Figure Al. “Anamnesis and physical examination are essential in investigating and treating a case of suspected

vitamin B12 deficiency”
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Figure A2. “Vitamin B12 deficiency is nowadays entirely a laboratory diagnosis”
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Figure A3. “Women in fertile age are a risk group for vitamin B12 deficiency”

A 4 Statement 4

Statement No. 4 Time Course

Percent

Statement No 4 GPs and Geriatricians

Statement No 4 Female and Male Doctors
Percent

Md MaIeT

Reject

Reject

Reject

MW, p<0.001; CvM, p<0.001

MW, p=0.03; CvM, p=ns

MW, p<0.001; CVM, p<0.01

Figure A4. “Vegans are a risk group for vitamin B12 deficiency”
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Figure A5. “Anorectics are a risk group for vitamin B12 deficiency”
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Figure A6. “Persons above 70 years of age are a risk group for vitamin B12 deficiency”
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Figure A7. “In alcoholics, serum cobalamin is often normal despite a functional vitamin B12 deficiency”
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Figure A8. “A competent clinician does not need many laboratory tests to find his cases of vitamin B12
deficiency. Every fifth patient investigated for suspected vitamin B12 deficiency has, in fact, vitamin B12

deficiency!”
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Figure A9. “Serum cobalamin and serum folate are valuable but, unfortunately, capricious markers for many
different sorts of malnutrition and malabsorption. It is acceptable that only every 10" investigation demonstrates

deficiency of vitamin B12”
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Figure A10. “Serum cobalamin and serum folate are valuable but, unfortunately, capricious markers for many
different sorts of malnutrition and malabsorption. It is acceptable that only every 20th investigation demonstrates

deficiency of vitamin B12”
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Figure All. “Homocysteine in serum or plasma replaces entirely serum cobalamin and serum folate in the first

laboratory screening of a suspected case of malnutrition or malabsorption”
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Figure A12. “A meticulous clinician cannot do without serum methyl malonate when investigating a case of

suspected vitamin B12 deficiency”
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Figure A13. “The clinical significance of the modern markers homocysteine and methyl malonate in cases of
suspected vitamin B12 deficiency is overrated”

A 14 Statement 14

Statement No. 14 Time Course
Percent

Statement No 14 GPs and Geriatricians
Percent

Statement No 14 Fem ale and Male doctors
Percent

Md Female

40

Md Male!

Reject

Reject

Reject Agree

MW, p=ns; CvM, p=ns

MW, p=0.01; CvM, p=0.01

MW, p=ns; CvM, p=0.05

Figure Al4. “Serum gastrin, fasting value, is cheaper and easier to interpret than the Schilling test in cases of

suspected vitamin B12 malabsorption”
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Figure A15. “Simultaneous deficiency of iron and deficiency of vitamin B12 may produce anaemia with normal

MCV (mean corpuscular volume)”
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Figure A16. “Treatment with vitamin B12 may turn a macrocytic anaemia into a microcytic anaemia”
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Figure Al17. It is an error of the art to treat a macrocytic anaemia with folate only”
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haemoglobin”
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Figure A18. “Functional vitamin B12 deficiency in cells and tissues may occur despite normal or high blood
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Figure A19. “Functional vitamin B12 deficiency may occur despite normal or high serum cobalamin”
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Figure A20. “There is no reason to substitute patients with atrophic gastritis with vitamin B12”
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Figure A21. “As a precaution, | prescribe vitamin B12 to all my patients with atrophic gastritis”
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Figure A22. “There is no reason to substitute patients with vitamin B12 after gastric surgery”
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Figure A23. “As a precaution I prescribe vitamin B12 to all patients with gastric resections”
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Figure A24. “It is still acceptable to treat a patient with obscure neuropathy with vitamin B12 during 6-36
months and evaluate treatment efficiency by clinical parameters (e.g. performance, walking distance,
reappearance of vibration sense or reflexes, reduction of sensory loss, reduction of hair loss, reduction of

muscular pain)”
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