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STUDY OF THE ETIOLOGICAL FACTORSOF VITAMIN By,
DEFICIENCY IN ASYMPTOMATIC VOLUNTEERS AGED 20-40
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Dr. Hamed Rabah Takruri, Prof.

Co-Supervisor
Dr. Farihan Fakhri Barghouti, Assoc. Prof.

ABSTRACT

A convenient study was conducted to evaluate vitaBa, status among young
healthy adults visiting the Family Medicine Clirat Jordan University Hospital and to
check for the true vitamin 1B deficiency, causes of deficiency and factors aased
with it. One hundred sixty five subjects were réted in the study (99 females and 66
males). The subjects were chosen to be healthy laggeeeen 20-40 years. Participants
were asked to fill a detailed questionnaire thatec® social, educational, medical data
on them as well as their dietary intake of themita Blood tests including CBC and
blood film and serum vitaminBlevel were measured for all volunteers. For thokk
serum B, <300 pg/ml, other blood tests were done. These tesisded plasma
methylmalonic acid (MMA), total homocysteine (tHcygnti-parietal cell antibodies
(APCA), Helicabacter pylori IgA and anti intrinsic factor (IF) antibodies.

According to our results, 69.1% had serug 800 pg/ml; 27.3% had vitamin
B1. deficiency according to standardRlieficiency definition €200 pg/ml), and 30.9%
had normal B, levels (>300 pg/ml). Among those withyB<300 pg/ml, 47.4% had
confirmed deficiency, using MMA as an indicatortafmin By, status was found to be
positively correlated with age. The mean value eum B, was significantly lower
(P=0.047) in the age group 20-29 years (258.78.298) than those of age group 30-40
years (293.41 + 12.191). However, there was noifsignt difference between the
mean values of serum vitamin;Bbetween males (277.85 + 13.814) and females
(270.20 £ 11.093) (P=0.666). No significant asstomies were found between Bstatus
and BMI, educational level, household size, and ilfarhistory of vitamin B
deficiency. Mean MCV and homocysteine (Hcy) hadense correlation with vitamin
B1. status. The mean values of both MCV and Hcy wageifecantly higher (P<0.05)
in the B, group of<200 pg/ml compared to the;Bgroup of B, of 201-300 pg/ml.
Our results revealed that 18.52% had APCA, 22.2%nlaH. pylori IgA and 9.3%
having anti-IF antibodies. The remaining:@Beficient volunteers had unknown cause of
low B, status.
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Xiii

It is concluded that the percentage of true vitamin deficiency (with high
MMA >0.376 pmole/L) is high; (32.7%) in the study groapd that 47.4% of those
with serum B, <300 pg/ml had confirmed B deficiency. If we consider the fact that
44.9% of those with serumBbetween 201-300 pg/L have true vitamiry Beficiency,
it is confirmed that serum ;B level is not a specific test for vitaminBdeficiency.
Dietary vitamin By intake in the study sample is higher than RDA tedefore it does
not seem to be the cause qf Beficiency. The main cause ofRleficiency in Jordan
is not well established, and seems to be relat@&dtabsorption.
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Introduction

Vitamin By, (cobalamin) is an essential nutrient that mussigeplied by food
(Bor et al., 2006). The usual dietary sources of vitamipa 8e animal foods such as
meat, dairy products, egg, and fish (Watanabe, R0Ue recommended dietary
allowance (RDA) for vitamin B is 2.4 ug/d for adults (Bort al., 2006). Therefore,
vitamin By deficiency is most likely to happen with reducethie of foods of animal
source (as in vegetarians) (McLearal., 2007; Hvas and Nexo, 2006; Dholakizal .,
2005) and those with impaired absorption (Boal., 2006).

Unlike other B complex vitamins, vitamin;Bis stored in the liver. The body
stores around 2-5 mg of cobalamin, which is higloamt of the vitamin relative to
daily requirements, therefore its deficiency nesdseral years (2-5 years) before
hematological and neurological manifestations appg&unow, 1999). Vitamin B
deficiency is a worldwide public health problem @svand Nexo, 2006; Kaptahal.,
2006). Prevalence of dietary vitamin.Bleficiency was reported to be high in India,
Mexico, central and south America, and specifiaaref Africa. However, in certain
areas of Asia, dietary vitaminiBdeficiency is not prevalent except in vegetarians
(Stabler and Allen, 2004). In Jordan, results shibat there is a high prevalence of
vitamin B, deficiency (48.1%) as indicated by suboptimal senitamin B, levels
(Fora and Mohammad, 2005). This is confirmed bgwaew of MOH, WHO and MOA
(2006) and Barghoutt al. (2009).

Vitamin B, deficiency is described as serum cobalamin bel®® Rg/ml
(Carmel, 2008), although deficiency can be seepdrsons with normal serum;B
levels (between 200-400 pg/ml) (Oh and Brow2003). In addition to low dietary

intake, many factors can lead to vitamin, Bleficiency. These include: pernicious
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anemia, impaired absorption, certain gastrointab{i@l) disorders (i.e., Celiac disease,
Crohns disease, atrophic gastritis, pancreatidfiogncy) (Hvas and Nexo, 2006) and
some medications (i.e., proton pump inhibitors, reiceptor blockers and metformin)
(NIH, 2010). These factors make vegetarians andrigido be the most vulnerable to
develop vitamin B, deficiency. Recently, it was found that the baatételicobacter
pylori to be another cause of cobalamin deficiency (Kagtal., 2000).

Vitamin By level is usually diagnosed by measuring serummiitaB, ; levels.
However this test has certain limitations. Carn#2008) mentioned that 22-30% of
persons with serum B levels <200-250 pg/ml are falsely low by both nbele&c and
clinical criteria. Measuring serum vitamin;Balong with the measurements of
metabolites (such as methylmalonic acid and homenys) will be more sensitive
especially when clinical picture is equivocal (Catn2008; Oh and Brown, 2003). Low
serum vitamin B, along with normal values of serum homocysteine raethylmalonic
acid will indicate that there is no vitamin Rleficiency These metabolites levels can be
early markers for tissue vitamimBdeficiency even before hematologic manifestations
occur (Oh and Brown, 2003).

By considering the high prevalence of vitamipy Beficiency in Jordan and the
sensitivity of serum B test as a diagnostic tool for the deficiency a$ tritamin, this
study was conducted to achieve the following olbjest

(1) determine the true vitamin;Bdeficiency by measuring serum vitamin,Bnd

MMA in volunteers.

(2) evaluate the eating habits of the subjects enrafiedur study and check for
their association with vitaminBdeficiency.
(3) assess the probable causes of low vitaminl@sels in the sample group using

different diagnostic tests (e.g., CBC + blood fillmerum vitamin B,
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methylmalonic acid, homocysteine, anti-parietal aetibody andHelicobacter
pylori IgA tests).

(4) check for the association between vitamif, Btatus and body mass index
(BMI), educational level, household size, familystory of vitamin B,
deficiency and previous gastrointestinal surggi@$ surgeries.

(5) check for possible symptoms of vitamin,Bleficiency and their correlation

with the serum vitamin B values.
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Literature review

1. Vitamin By,

1.1. Historical Background

The history of vitamin B goes back to the year 1822 when pernicious anemia
was first described by J.S. Combe. This anemiaimasiably fatal until the year 1926
when Minot and Murphy revealed the etiology of peous anemia. They found that
consuming raw liver was highly effective in treatithis disease. Lately in 1928, W.B.
Castle postulated that two factors are involvethi control of pernicious anemia, an
“extrinsic factor” that comes from food (liver) amah “intrinsic factor” that is found in
the gastric juice. In 1948, Folkers at Merck isethtthe anti-pernicious anemia
(extrinsic) factor in crystalline form. In 1955, Hodgkin's finally elucidated the
complex chemical structure of vitaminAusing X-ray crystallography. Later in 1970,
de novo synthesis of vitamin B was achieved by Woodward and Eshenmoser (Combs,

1998).

1.2. Chemistry of Vitamin By,

Vitamin B, is a water-soluble organo-metallic compound. Itaiscomplex
molecule that contains central cobalt atom thathislated in corrin ring system (Basu
and Dickerson, 1996). It is of six coordinationsvialgich four of the coordinations are
provided by the corrin ring nitrogens, a fifth bgianethylbenzimidazole group, and the
sixth by one of different ligands being: a cyan@uy (-CN) (cyanocobalamin), a
hydroxyl group (-OH) (hydroxycobalamin), a methybgp (-CH) (methylcobalamin)
or a 5’-deoxyadenosyl group (5’'deoxyadenosylcobaiqitReidel, 2007; Devlin, 1998

and Basu and Dickerson, 1996) (Figure 1).
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Figure 1: Structure of vitamin B;, compounds (Reference: Ball, 2004).
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1.3. Recommended Intake

Vitamin By is an essential nutrient that must be obtainedh ffoods of animal
origin (meat, chicken, fish and eggs) or dairy ptd (Boret al., 2006). The
Recommended Dietary Allowance (RDA) is 2i4/d for adults (age 14+ years)
(Zempleniet al., 2007; Boret al., 2006; IOM, 1998). No RDA was established for
infants <1 year of age, instead adequate intakg I{fA$ been established (Zempleni
al., 2007). RDAs for other age groups are listedablé& 1.

The average Western diet contains 5ug#d of vitamin By, which is more than
sufficient to meet the recommendations (Snow, 199@yeral food sources of vitamin
B1, are listed in Table 2). Therefore, a reduced mtakvitamin B, from food, as in
vegetarians and patients with absorptive problesilsinduce a negative balance and
ultimately lead to severe deficiency when the tisstores of vitamin B are depleted

(Bor et al., 2006).

Table 1: Recommended dietary allowances (RDAS) faditamin B 2.

Female Pregnancy Lactation
0-6 months* 0.4pug 0.4pg
7-12 months* | 0.5ug 0.5ug
1-3 years 0.9ug 0.9ug
4-8 years 1.29 1.2ug
9-13 years 1.89 1.8ug
14+ years 2.49 2.4ug 2.6ug 2.8ug

* Adequate intake (Al) (Reference: IOM, 1998).
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Table 2: Selected food sources of vitamin{g
Food

ng per serving

Percent DV *

Liver, beef, braised, 1 slice (68 g) 48.0 800
Breakfast cereals, fortified with 100% pof 6.0 100
the DV for vitamin By, 1 serving

Salmon, sockeye, cooked, 3 ounces (851g) 4.9 80
Beef, top sirloin, broiled, 3 ounces (85 g) 2.4 40
Cheeseburger, double patty and bun, 1 2.05 30
sandwich (201 g)

Yogurt, plain, 1 cup (245 g) 14 25
Tuna (in water), white, 3 ounces (85 Q) 1.0 15
Cheese, Swiss, 1 ounce (28.25 Q) 0.95 15
Egg, large, 1 whole 0.6 10
Chicken, roasted, %2 breast (86 g) 0.3 6

*DV= Daily value: DVs were developed by the U.S.oBcand Drug Administration (FDA) to

help consumers determine the level of various entsiin a standard serving of food in relation

to their approximate requirement for it. The DV fotamin B, is 6.0 pg. foods providing 20%

or more of the DV are considered to be high souofes nutrient, but foods providing lower

percentages of the DV also contribute to a hedltbfet (References: NIH, 2010; USDA

National Database).

1.4. Digestion and Absorption of Vitamin

B>

Vitamin By, absorption occurs by both active and passive nmesims. Under

normal conditions, very small amounts of vitamin, Bire absorbed passively by

diffusion across the intestinal mucosa. This actotor less then 1% of large oral doses.
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The major way of absorption is by active mechaniswolving specific binding
proteins in the digestive tract (Zemplehil., 2007; Bender, 2003).

Vitamin By is released from dietary proteins by enzymes sirgigjuice, aided by
the low pH of the stomach. Upon their release mitaB;, binds to salivary and gastric
derived cobalophilin (also known as R-proteins)e(®i, 2007). After entering the
duodenum, R-protein is hydrolyzed by pancreatipdity and liberated vitamin B
binds to free intrinsic factors (IF) (Zemplegtial., 2007; Ball, 2006; Bender, 2003). IF
is an alkali-stable glycoprotein secreted by patietlls in the stomach and is necessary
for vitamin By, absorption in the ileum (Semba, 2007). Bindin@wiin By, to IF is
favored by the alkaline environment in the jejun(@ampleniet al., 2007; Ball, 2004).
Absence of IF or its dysfunction may cause megakilid anemia, the classical
pernicious anemia and neurological disturbancethe$e disorders commence in early
childhood, they are accompanied by developmentéhydand growth retardation
(Riedel, 2007).

By binding the vitamin, IF undergoes a conformagiochange, producing a more
compact form that resists proteolysis (Bender, 2@B¥ket al., 2001). Vitamin By is
absorbed in the distal part of the ileum by receptediated endocytosis, where the IF-
vitamin B, complex is internalized into the enterocyte byaé®@ependent process and
a pH above 5.5 (Riedel, 2007; Ball, 2004; Bendéf3). Upon entering the enterocyte,
vitamin By is released by lysosomal proteolysis of the IFII(B2006; Bender, 2003).
Vitamin By, is then released in the circulation where it di¢scto two binding proteins,
transcobalamin Il (TC II) and haptocorrin (Mgrkbetkal., 2006). Around 70-80% of
the total circulating B binds to haptocorrin, the reminder (20-30%) birtds
transcobalamin I, a vitamin B binding protein synthesized in the enterocytes

(Zenpleniet al., 2007). Figure 2 shows the steps of absorptiontaiin B,.
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Figure 2: Cobalamin absorption and possible causesf cobalamin deficiency

(Reference: Andreset al., 2004).

www.manharaa.com

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



10

Transcobalamin 1l is the metabolically importanagha protein. All cells have
surface receptors for this protein (Bender, 2003n the contrary, the role of
haptocorrin in vitamin B metabolism and transport is still unclear (Mgrkizlal .,
2006); however it does prevent circulating. Bom being filtered by the kidneys (Ball,
2004). Haptocorrin is characterized by its ability bind both B, and B, analogs
(Mgrkbaket al., 2006). Uptake of haptocorrins into liver may eg@nt a mechanism
by which B, analogs are removed from the circulation and e&dren the bile. These
compounds are not reabsorbed by IF-dependent misainamd thus are excreted in the
stool (Zemplengt al., 2007).

Transcobalamin |l is then taken up by cells in buely by receptor-mediated
endocytosis (Semba, 2007; Ball, 2004). Receptors tfanscobalamin Il are
ubiquitously present in tissues (Zemplatial., 2007). After endocytosis, TC Il is
degraded in lysosomes releasing B the cytoplasm in the form of hydroxocobalamin,
which is then either converted directly to methyaamin in the cytoplasm, or

eventually to adenosylcobalamin in the mitochon¢Biall, 2004).

1.5. The Metabolism and Function of Vitamin B>

In humans, vitamin B participates as a cofactor in two enzymes, metaldnyl
CoA mutase and methionine synthase. MethylmalonydA Cmutase requires
adenosylcobalamin to catalyze the conversion ohyhialonyl CoA to succinyl CoA.
This reaction occurs in the mitochondria (Semb&72@empleniet al., 2007) and is
involved in the degradation of amino acids (valinspleucine, methionine and
threonine), and odd-numbered fatty acids (Sembay)20

Methionine synthase requires methylcobalamin in thaate-dependent

methylation of sulfur amino acids homocysteine ¢onf methionine. This reaction
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occurs in the cytosol (Semba, 2007; Zempletnal., 2007; Ball, 2004). This makes
vitamin By, important in nucleic acid metabolism by convertingthyl-tetrahydrofolate

to tetrahydrofolate. The later is involved in thgnthesis of deoxythymidine

monophosphate (dTMP) needed for DNA synthesis fdeoxyuridine moncophosphate
(dUMP) (Semba, 2007; Ball, 2004).

Another enzyme that is mentioned to be vitamip-dependent is leucine
aminomutase. This enzyme requires adenosylcobalenuatalyze the isomerization of
leucine ang-leucine. Patients with vitaminiBdeficiency show an elevation of plasma
B-leucine (Bender, 2003).

Vitamin By, is thus an important cofactor in: the maintenaot@ormal DNA
synthesis and the regeneration of methionine neémtehaintaining protein synthesis
and methylation capacity. It is also needed for grevention of homocysteine
accumulation, an amino acid metabolite that hasiroascular damage. Homocysteine
accumulation was further found to cause thrombesd other degenerative diseases
including coronary artery disease, stroke, Alzheimedisease and osteoporosis
(Zempleniet al., 2007).

Vitamin B;, has a crucial role in erythropoiesis. Erythroldastquire both folate
and vitamin B, for proliferation during their differentiation. Bleiency in one of them
will inhibit purine and thymidylate synthesis, imga DNA synthesis and causes
erythroblast apoptosis, resulting in anemia froeffective erythropoiesis (Koury and

Ponka, 2004).
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2. Vitamin By, Deficiency

2.1. Definition of Vitamin B;, Deficiency

During the last 10 years, literature has providexksal definitions of vitamin B
(cobalamin) deficiency, depending mainly on the yapon studied and on the
particular assay kits (Dali-Youcef and Andrés, 2088rndndez-Beareset al., 2009;
Klee, 2000; Snow, 1999). It is usually defined e tterms of the serum values of
cobalamin and of homocysteine and methylmaloniad a@ndrés et al., 2004).
Accordingly, vitamin B, deficiency definitions are: (1) Serum cobalamivels <150
pmole/L (<200 pg/ml) with clinical features andimematological anomalies related to
cobalamin deficiency (Oh and Brown, 2003); (2) $®obalamin levels <150 pmole/L
on two separate occasions; (3) Serum cobalamindsles#&0 pmole/L and total serum
homocysteine levels >13mole/L or methylmalonic acid levels >0Onole/L (Andres
et al., 2004); (4) Low serum holotranscobalamin leve3® pmole/L (Dali-Youcef and
Andrés, 2009; Fernandez-iaeset al., 2009).

Till now, there are no generally accepted guidalife the definition, diagnosis,
treatment and follow-up of vitamin ;B deficiency. Total serum vitamin;Bmay not
reliably indicate vitamin B status (Volkowt al., 2006). To increase the sensitivity and
specificity of the diagnosis, measurement of thealaites, methylmalonic acid and

homocysteine have been used (Oh and Brown, 2003).

2.2. Stages of Vitamin B, Deficiency

Vitamin By, deficiency can be divided into five stages. Thetsges include: I:
normality; 1l: negative vitamin B balance; Ill: vitamin B, depletion with possible
clinical signs and symptoms (reversible neuropsfciti findings); IV: vitamin By

deficient erythropoiesis with possible clinical g and symptoms (potentially
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reversible neuropsychologic symptoms); and V: vitaf;, deficiency anemia with
probable clinical signs and symptoms (irreversitderropsychologic symptoms) (Swain,

1995).

2.3. Causes of Vitamin B, Deficiency

Once vitamin B, deficiency is confirmed, search for the etiologi¢attors
should be started. Three classes of vitamjp dficiency are described: nutritional
deficiency, malabsorption syndromes, and othergiase¢stinal causes (Oh and Brown,
2003).

2.3.1. Nutritional Deficiency: Dietary sources of vitaminB are primarily meats and
dairy products (Oh and Brown, 2003). It is natyralfoduced by vitamin B producing
microorganisms, thus human must obtain their viteBib through diet. Vegetarian diet
can be classified as either lactovegetarian, oveamn, lactoovovegetarian and vegan
if they include dairy products, eggs, both dairgdgucts and eggs or no animal products
at all, respectively (Antony, 2003). Vegans andattesser degree lactoovovegetarians
and lactovegetarians have biochemical evidenceobBlamin deficiency based on
increased blood total MMA and Hcy and low holotreotzalamin Il (Herrmanmt al.,
2003).

Nonvegetarians obtain most of their vitamim, Bhrough eating meat. In the
developing world, nonvegetarians obtain only mabiamounts of vitamin B
compared to western countries, because meat isisixpein relation to the low income
(Antony, 2003). A typical western diet contribut8s30 ug of vitamin B, per day
towards the recommended dietary allowance of @yday for adults (Fernandez-
Banareset al., 2009). Nonvegetarians in the developing cousithave a vitamin B

status that is only marginally better than thalaotoovovegetarians and only daily meat
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eater have vitamin B status similar to that of nonvegetarians in the tw@stony,
2003).

Nonetheless, vitamin 1B deficiency is not common in vegetarians or vegans.
This can be due to: they may consume some contgdirfaod that contain small
amount of vitamin By; their bodies absorb vitamin;Bsecreted into the bile with high
efficiency; their small intestine harbors microfiothat may synthesize significant

amounts of absorbable vitamin B

2.3.2. Malabsorption Syndromes: Vitamin B;» deficiency caused by dietary
deficiency or malabsorption is rare (Dali-YoucefdaAndrés, 2009). The classic
disorder of malabsorption is pernicious anemia rfB&xr’s disease), an autoimmune
disease that affects the gastric parietal cellslaads to reduction in IF production and
secretion (Oh and Brown, 2003). Gastric secretiares neutral to slightly acidic

(Fernandez-Bigareset al., 2009; Andrést al., 2004).

2.3.2.1. Food-Cobalamin Malabsorption: Food-bound malabsorption (or
food-cobalamin malabsorption) is characterized iy ihability to cleave and
release vitamin B bound to food or intestinal transport proteinsriigadez-
Banares et al., 2009; Andreset al., 2004). This syndrome is defined by
cobalamin deficiency in the presence of sufficifaad-cobalamin intake and a
negative schilling test. This may happen in casenyf interference with gastric
acid production (hypochlorhydria) where “unboundbbalamin absorption
remains normal through intrinsic factor or passigdé#fusion mechanism
(Fernandez-Bigareset al., 2009). Atrophic gastritis is the major cause espky

in the elderly. Many other factors that can causmlfbound malabsorption by
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interfering with gastric acid production includebsotal gastrectomy, prolonged
use of histamine Hreceptor blockers and proton pump inhibitors fdceu
disease and long term use of omeprazole (Oh andrBr2003). Others include
intestinal microbial proliferation that compete kwvititamin B, (as in case of the
rare Whipple’s disease and blind loop) (Andegal., 2004), chronic alcoholism,
partial pancreatic exocrine failure an@@gn syndrome (Fernandezi2aeset

al., 2009).

2.3.2.2. Gastrointestinal (Gl) Disorders: Gl disorders can lead to vitaminB
deficiency by causing food-bound malabsorption doiehypochlorhydria or
impaired IF production. They include:

a. Gl Surgeries: Gastrectomy is the preferred operation for patiati
of gastric cancer. They cause food-bound malabsorpdue to
hypochlorhydria and impaired IF production. Thididency will
appear 2-4 years or longer after surgery, whernvitaenin stores
are exhausted (FernandeziBeeset al., 2009).

b. Intestinal Surgeries: Bariatric surgeries are considered an
effective treatment of obesity. They include gashypass (where
distal 24 cm of ileum is removed), laparoscopiauatiible gastric
banding, vertical banded gastroplasty, biliopanarediversion and
biliopancreatic diversion with duodenal switch. afitin B,
deficiency may appear 1-9 years after gastric surgeith
prevalence between 12-33%. Gastric bypass patidrage
decreased gastric acid production and their duadeisuexcluded

from digestive continuity (Fernandez4izaeset al., 2009)

www.manaraa.com

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



16

Other GI Disorders: Other Gl disorders can cause vitamig B
deficiency mainly by causing food- bound malabsompt These
include: Crohn’s disease: affect ileal mucosa wialtars the brush
border structure containing the receptors for IEophic gastritis
where patients may have antibodies to parietas celantibodies to
IF factor, thus affect IF secretion, recurrent pepicer, diarrhea
and dyspepsia (Oh and Brown, 2003).

H. pylori can be a probable causative agent in the develdpofien
adult vitamin B, deficiency(Kaptanet al., 2000). These authors
detectedH. pylori in 56% of the patients with vitamin ;B
deficiency that were recruited in their study, ahdy found that
eradication of this bacteria was improved anemia aerum
vitamin By, in 40% of theH. pylori infected patients.

Some Medications: Histamine H-receptor blockers and proton
pump inhibitors for ulcer disease, anti-acid drygsgriasis drugs,
colchicine, p-aminosalicylic acid and alcohol. Téesgents can
cause vitamin B deficiency either by: causing food-bound
malabsorption; affecting the intracellular trangpafr vitamin By,
inhibiting IF secretion; or interfering with the rfoation of IF-
vitamin B;» complex (Basu and Dickerson, 1996). Table 3 shows

some important vitamin 8 /drug interactions.
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Table 3: Important vitamin B 1o/drug interactions.

Drug Potential interaction

Proton pump inhibitors (PPIs) used for Interfere with vitamin B, absorption
treating gastroesophageal reflux disease | from food by slowing the release of
(GERD) and peptic ulcer disease (e.g., HCI into the stomach.

Omeprazole and Lansoprazole)

H, receptor antagonist used to treat peptic | Interfere with vitamin B, absorption
ulcer disease (e.g., Zantac) from food by slowing the release of

HCI into the stomach.

Metformin used to treat diabetes Interfere witrciwah metabolism
which may indirectly reduce vitamin
B1» absorption (vitamin B absorption

requires calcium)

(Reference: NIH, 2010).

2.3.2.3. Pernicious Anemia: Pernicious anemia, or Biermer's syndrome, is a
classic cause of vitamin ;B deficiency (Andreset al., 2004). It is an
autoimmune disease characterized by the destruatitime gastric mucosa, by a
primarily cell- mediated process. Gastric secretionthis case, are neutral to
slightly acidic even in the presence of gastriniohlhmormally increases acidity)
and contain little or no IF. Two antibodies (arfidntibodies and anti- gastric
parietal cell antibodies) are present, particularlplasma and gastric secretions
(Fernandez-Bigareset al., 2009; Andre<t al., 2004).Pernicious anemia is also
associated with many autoimmune disorders, inctydiiiligo, dysthyroidia,

Addison’s disease andd@jren syndrome. It is also associated with an irsgéa
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frequency of gastric neoplasms, adenocarinomagphpmas, carcinoid tumors

(Andreset al., 2004).

2.3.2.4. Hereditary Diseases:Vitamin B, deficiency can occur in various
genetic defects involving deficiency in cubulin fatamin-IF complex receptor)
(Imerslund syndrome) (Andrést al., 2004), or deletion or defects of
methylmalonyl CoA mutase, transcobalamin Il andyemes in the pathway of
cobalamin adenosylation (Beak al., 2001). Transcobalamin deficiency and
errors in the biosynthesis of cobalamin coenzyrasslt in severe illness shortly
after birth (Grasbeck, 2006) and thus do not ineaiderly (Andrest al., 2004).
Other rare genetic disease that causes vitamndBficiency is Addisonian
pernicious anemia where patients have one or twestyf serum IF antibodies
(type 1: blocking antibody; type 2: binding antilppdBasu and Dickerson,

1996).

2.3.2.5. Other Causes:Other factors that were mentioned to cause vitaBmn
deficiency include: Zollinger-Ellison syndrome (g@&soma causing peptic ulcer
and diarrhea) (Oh and Brown, 2003), parasites, (ifesh tapeworm
Diphyllobothrium latum, which is known to cause vitaminBdeficiency in the
children) (Grasbeck, 2006), and geographical afeas in Northern China,
prevalence of low B level is 39%, whereas in Southern China, it is L1{¥@&ao

etal., 2007).
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2.4. People at Risk

By considering the causes of vitamin,Rleficiency, any person having one or
more of these conditions is at risk of developirtgmin B, deficiency. Elderly people
are at risk of vitamin B deficiency, either because of low intake or mabapson from
atrophic gastritis. Recently, age was reported ¢o dm independent risk factor,
irrespective of gastric atrophy (Gumurdi@iial., 2003). Gumurdulid and his colleagues
(2003) found that patients with vitamimBdeficiency (<200 pg/ml) (46 £ 12 years)
were older than those with normal serum Bvels (>200 pg/ml) (42 £ 12 years).

Obese children and adolescents are another grotipkatf developing vitamin
B1. deficiency. Pinhas-Hamiet al. (2006) reported that obesity was associated with a
4.3 fold risk for low serum B and an increase of 1 body mass index standaretitavi
score resulting in 1.24 fold increased risk of wita B, deficiency.

Pregnant women are at risk of developing vitamjp d&ficiency due to increase
requirements especially when fetal demands exceetheris dietary intake of the
vitamin (Becket al., 2001). Cobalamin deficiency was also observed abids of
nursing mothers that are vegans or those mothessalvhse laughing gas (nitrous oxide)
(Grasbeck, 2006).

Other people who are reported to be at risk ofiavitamin B, deficiency are:
HIV patients (Nexget al., 1994), patients with autoimmune disorders (typkabetes
mellitus and thyroid disorders) (Nilsson-Ehie, 1p88d those undergoing nitrous oxide

anaesthesia (Carmel, 2000).

2.5. Clinical Manifestations of Vitamin B;, Deficiency
Vitamin By, deficiency is characterized by hematopoietic, rgasestinal and

neurological alterations (Semba, 2007). These adinmanifestations vary in severity
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ranging from mild conditions such as fatigue, comns@nsory neuropathy, atrophic
glossitis (Hunter’s glossitis), megaloplastic anerfliee and Tang, 2004) and impaired
bowel function (i.e., constipation) (Lee and Ta?&@04; Dali-Youcef and Andres, 2009),
to severe disorders such as combined sclerosiseo$pinal cord (Semba, 2007; Dali-
Youcef and Andrés, 2009), hemolytic anemia and gaercytopenia (Dali-Youcef and
Andres, 2009). The neurological syndrome of vitafBin deficiency may begin with
paresthesias in the hands and the feet, loss ddtelly and proprioception sensation,
burning sensation in the extremities, and lateretineay be spastic ataxia (Semba, 2007).

Dementia and subtle neuropsychiatric changes maydsent (Lee and Tang, 2004).

2.6. Diagnosis of Vitamin B, Deficiency
2.6.1. Serum Vitamin B2 Vitamin By, deficiency is traditionally diagnosed by
measuring serum vitamin;Blevel (usually below 200 pg/ml), along with the
clinical evidence of the disease (Oh and Brown,320This test comprises the
total amount of circulating cobalamin, either bouta transcobalamin or
haptocorrin (Riedel, 2007). Serum vitamin,Best was widely used as the
standard screening test for cobalamin deficienagé@, 2005) since 1950 (Hvas
and Nexo, 2006), and is still the standard invesidg tools for vitamin B
deficiency worldwide despite its limited specifici{Hvas and Nexo, 2006;
Stableret al., 1990).

There are certain limitations concerning measusegum vitamin B,
level (Klee, 2000). The diagnostic efficiency oistlest is too low. This can be
partially explained by the fact that the major frac of cobalamin is bound to
the protein haptocorrin, which makes it unavailalbte uptake by cells
(Holleland et al., 1999). Approximately 20% of cobalamin is bouna t

transcobalamin 11 forming a complex that can bdizatil by peripheral tissue
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through the receptor mediated uptake (Klee, 20@@balamin can also be
influenced by changes in the binding protein cotregions (Klee, 2000;
Hollelandet al., 1999).

Also, serum total cobalamin is a poor indicatobioiavailable cobalamin
because falsely increased values can be seen inproliferative disorder.
Whereas false low values can be seen with folafieielecy, pregnancy (5%),
myelomatosis and transcobalamin deficiency (Hatiekt al., 1999). False low
values were also seen in 10% of patients afteigbayastrectomy and 30% of
patients with megaloblastic anemia due to folatéc@amcy, in some patients
with iron deficiency with simple severe atrophicsggdis and in some healthy

subjects (Chanarin, 1987).

2.6.2. Serum/Plasma Methylmalonic Acid (MMA) and Teal Homocysteine
(tHcy): Determination of serum cobalamin as a sole teswvitfmin B,
deficiency has certain limitations, since it mayssnup to one half of patients
with actual tissue B deficiency (Oh and Brown, 2003; Bolameh al., 2000).
Moreover, total serum vitamin,Bis a late, relatively insensitive and unspecific
biomarker of deficiency (Herrmann and Obeid, 200@)perfection of using this
classical diagnostic tool has lead to developméntnore reliable tests of
functional cobalamin status, including plasma tdtamocysteine and serum
methylmalonic acid (Bolanet al., 2000).

Measurements of these metabolites, methylmalonimd aand
homocysteine, along with serum vitamin,Bare considered more sensitive

indicator than measuring serum vitamii, Bevels alone (Hvas and Nexo, 2006;
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Krautler, 2005). They can be early markers forugssitamin B, deficiency,
even before hematologic manifestations occur (@hBrown, 2003).

MMA is a functional vitamin B, marker that will increase when vitamin
B1, status is depleted (Herrmann and Obeid, 2008snfatotal homocysteine
(tHcy) is mentioned to be a sensitive marker cht®land vitamin B status and
an increase in its level occurs long before clasiéiciency of folate and
vitamin B, becomes evident (Fakhrazadstal., 2006). Thus, abnormal MMA
or tHcy levels suggest a latent or overt tissuéctafcy of vitamin B, or folate
(Bjorkegren and Svardsudd, 2001; Nexal., 1994).

However, by considering the reactions that usanvih B ,, an elevated
MMA level is considered more specific for vitaminBdeficiency than an
elevated tHcy level (Oh and Brown, 2003).

Although these tests are considered more sensibvevitamin B
deficiency, they have certain limitations. The mdimitation of tHcy is that it
also increases in patients with folate deficiertdygs and Nexo, 2006; Krautler,
2005; Snow, 1999), vitamingRleficiency, renal failure, proliferative disorders
in response to certain drugs and in some inbowrseonf metabolism (Bolanet
al., 2000), hyperhomocysteinemia, and hypothyroid{§€armelet al., 2003).
On the other hand, MMA increases in several casgading renal failure (Hvas
and Nexo, 2006; Krautler, 2005; Oh and Brown, 20&how, 1999),
dehydration, inherited methylmalonic aciduria (Bwlaet al., 2000). Other
limitations for using serum MMA test is the compgtgxof the assay and the
high cost. By considering these limitations, thbeees been a continuous search

for new biochemical markers (Hvas and Nexo, 2006).
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2.6.3. Mean Cell Volume (MCV):Mean cell volume was reported to be a good
indicator of vitamin B, deficiency (Galloway and Hamilton, 2007). It was
mentioned that as MCV increases to more than 1a8dlprobability of vitamin
B12 and folate deficiency increases (Galloway and Htami2007; Snow, 1999),
although values of 100-110 fl are more likely todssociated with other causes
of macrocytosis, such as alcohol abuse, liver dseand hypothyroidism

(Galloway and Hamilton, 2007).

2.6.4. Holotranscobalamin: Holotranscobalamin (holoTC) is vitamin ;B
associated with the transport protein transcoblamid it represents the
functionally important fraction of plasma vitaminiB(Miller et al., 2006).
Testing holoTC measures the amount of cobalamiiadla for the cells (Hvas
and Nexo, 2006). By comparing the sensitivity olofi@€, MMA and total
serum B, Herrmannet al. (2003) found that holoTC is the most sensitive
marker for vitamin B, deficiency followed by MMA, and that both holoT@dx
MMA provide a better index of vitamin ;B status than measurement of total
serum B,. HoloTC is considered as an early marker of vital, deficiency
(Hvas and Nex02006), and is claimed to be more sensitive tharhyh@aglonic

acid (Devalia, 2006).

2.6.5. Anti-parietal Cell Antibody and Anti-Intrinsic Factor Antibody:

Pernicious anemia is a disorder characterized bgafoblastic hemopoiesis
and/or a neuropathy due to vitamimpBeficiency resulting from severe atrophic
gastritis (Chanarin, 1987). A variety of autoantiles can be found in serum of
patients with pernicious anemia. These includebadies to gastric parietal cells

and to intrinsic factor (IF). Anti-parietal cell #vody can be found in 85% of
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patients affected with autoimmune gastritis, ofterund in patients with
autoimmune endocrinopathy and are also presentlid?@ of healthy persons.
This makes it a nonspecific test. On the other hand-IF antibody is relatively
insensitive (only 50% sensitive) (Carmetl al., 2003; Oh and Brown, 2003;
Bolannet al., 2000). It is an autoantibody that is detectablabout 50% of the
patients with pernicious anemia (Snow, 1999; Chandi©87). However, it is
highly specific (near 100% specificity) (Carnetlal., 2003). It is rarely found in

healthy persons (Bolaret al., 2000; Snow, 1999; Chanarin, 1987).

2.6.6. Schilling Test:The Schilling test has been the gold standard rdettio
detecting vitamin B malabsorption (Zemplergt al., 2007). This test is based
on the fact that free cobalamin does not occur lasrpa unless all binding
proteins are saturated. Once this is achievedirégecobalamin is then filtered
through the glomerulus and excreted in the urinal(2004). This test, which
measures 24- hour urine excretion of radiolabeledy®en orally, distinguishes
pernicious anemia from bacterial overgrowth andeotabsorption problems
(Lee and Tang, 2004). Specifically, Schilling tessults were once used to
determine whether a patient required parenteral ooal vitamin B>
supplementation (Oh and Brown, 2003). The testclibnsists of three steps,
is performed as shown in Table 4 and the interpoetaof results is shown in
Table 5

Schilling test is no longer readily available, daancreasing difficulties
in obtaining labeled vitamin B and IF (Zemplenet al., 2007; Hvas and Nexo,
2006), complexity and lengthy of the procedure {@d week to carry out all

three steps), cost (Zempleatial., 2007).
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Although Schilling test provides evidence of vitanid;, malabsorption,
it does not provide evidence of deficiency. For regie, vegetarians show
normal results of Schilling test although they shiow serum B, levels, and
patients with pernicious anemia will give abnormesult, even though their

serum B3 levels are normal from treatment with vitamin (B2D04).

3. Prevalence of Vitamin B, Deficiency

3.1. Vitamin B, Deficiency Worldwide

Vitamin By, deficiency is a worldwide public health problemvéid and Nexo,
2006; Kaptaret al., 2006). Prevalence of dietary vitamigpBleficiency was reported to
be high in India, Mexico, central and south Ameriead specific areas of Africa.
However, in certain areas of Asia, dietary vitafin deficiency is not prevalent except
in vegetarians (Stabler and Allen, 2004).

In a study done on 1214 participants on the Caediowlar Risk Factors Survey in
Tehran, Iran, including 428 men and 786 women, Fadddehet al. (2006) found that
the age-adjusted prevalence of low serum vitaminl®/el was 26.32% in men and
27.2% in women.

In China, Hacet al. (2007) found that prevalence of low serum vitafin level
is high and it was higher in northern Chinese pandints than in the southerns. In a
cross-sectional study, plasma vitamin, Bvas measured in 2407 apparently healthy
Chinese men and women, 35-64 years old, livindhengouth and the north of China.
They found that prevalence of low vitamimn,B(<185 pmole/L) was 11% in the
southerns and 39% in the northerns. Within eaclonegnen were found to have lower
plasma vitamin B, concentrations than women (15 vs. 8% in the santh47 vs. 34%

in the north) (Haat al., 2007).
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Table 4: Steps of the Schilling test.

Step 1

Co labeled vitamin B (1ug) is given
orally to fasting patients

+ 1 mg of non-radioactive vitaminiBis
given intramusculary (to saturate f{
protein binding site in the blood
vitamins thus ensure that any radioactiv
absorbed is readily excreted in the ur

and not taken up by tissues)

24 hr urine collection is taken
Radioactivity is measured usifg
a gamma counter
he

0

ty

ne

Step 2

Performed 72 hrs later:

Co labeled vitamin B with commercial
preparation of IF capsule are given org
to fasting patients

+ 1 mg of non-radioactive vitaminiBis

given intramusculary

24 hr urine collection is taken
Radioactivity is measured usifgg

lly gamma counter

Step 3

Rarely used

patients are treated with Gl acti
antibiotics (i.e., tetracycline) for 5 da
before repeating step 2 of test (to elimin

intestinal vitamin B, utilizing MO)

24 hr urine collection is taken
vRadioactivity is measured usifg
y®L gamma counter

ate
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Table 5: Interpretation of the Schilling test resuts.

Results Possible interpretation

Step 1, Normal Dietary Deficiency
Food-bound malabsorption

Partial gastrectomy

Step 1, abnormal Pernicious anemia
Step 2, normal Gastrectomy
Inadequate urine collection in step 1

Steps 1 and 2, abnormalleal disease or resection
Renal insufficiency

Inadequate urine collection
Bacterial overgrowth syndrome

Tapeworm infestation

(Reference: Oh and Brown, 2003; Snow, 1999).

In the USA, prevalence of low vitamimBwas found to be 17% according to the
Framingham Offspring Study (Tucket al., 2000). This study was done on 2999
subjects, vitamin B levels (<148, <185, <258 pmole/L) were assesse® foifferent
age groups of subjects (26-49, 50-64, 65-83 yedtrsyas found that 17% of these
subjects had vitamin B concentration <185 pmole/L (with little differenbetween age
groups) (Tuckeet al., 2000).

In a study in Bangladesh of 1650 adults, the pened of cobalamin deficiency
(<205 pg/ml) was 8% for men and 13% for women (Garsb&., 2005). In a study in
India on 441 men (age 30-50 years) from differeata (rural, slum and urban), Yajnik
et al. (2006) reported that 67% have,Bevels <150 pmole/L (<200 pg/ml) where 68%
were in rural area, 51% in slums and 81% in urbaa.dn Brazil, a study done on 500
individuals divided into 2 groups (30-59 and >6@ng®, it was reported that 7.2% of

those >60 years and 6.4% of those between 30-5% yeal B, levels <200 pmole/L
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(<270 pg/ml) (Xavieret al., 2010). Table 6 shows the prevalence of vitamia B
deficiency in several selected countries of theldvor

Very few studies were done in the Arab countrigsefealuating the prevalence of
vitamin By, deficiency. In a study conducted in Lebanon on womt was found that
39.4% of Lebanese women at childbearing age hadhuit B, deficiency (n= 470 non-
pregnant women aged 15-45 years) (Al Khadibal., 2006). Whereas in Babhrain,
Madanet al. (2009) reported that only 4.9% of their studyugrdiving in Bahrain had
vitamin By, deficiency, 88% of them were Bahraini and the (@886) were from other

nationalities. Women accounted for the majority%8®f the deficient group (Table 6).

3.2. Vitamin B, Deficiency in Jordan

Vitamin By, deficiency in Jordanians has increased in an ataynate in the last
few years (Abu-Samaét al., 2008). Prevalence of vitaminBdeficiency was reported
to be high among Jordanians (MOH, WHO and MOA, 2006 a study done on 216
healthy subjects (124 males and 92 females, agé&® y@ars) in north Jordan, Fora and
Mohammad (2005) reported a high frequencies ofmiitaB,;, deficiency (48.1%) of
suboptimal serum vitamin Blevels (<222 pg/ml) (Table 7). Other study doneAly-
Samaket al. (2008) on 120 male students from Applied Scienoeérsity (aged 18-24
years) from Amman City showed a 16% prevalenceitaimin B;, deficiency (<200
pg/ml), where 65% of them were overweight (Table 7)

In a more recent study done at Jordan Universitgpital on 838 volunteers
(aged 18-78) visiting family medicine clinic andabetic foot clinic at Jordan
University Hospital, a high prevalence of vitamin, Bleficiency was found (44.7%)
(cutoff level is 180 pg/ml) (Barghougt al., 2009).They also found that around 50% of

those having low serum level of vitaminBvere between 18-24 years (Table 7).
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Table 6: Prevalence of vitamin B, deficiency in selected countries of the world.

Cutoff point of

0,
Country vitamin B 1, deficiency Age (years) Prevalence (%)
Iran 185 pmole/L 1214 2564 Q 27.2%
(Fakhrazadekt al., 2006) (250 pg/ml) (7862 & 428 %) 4 26.32%
. 2407
China 185 pmole/L N 39%
(Haoet al., 2007) (250 pg/ml) g'gl:tt?]eerrrr‘] 1121}9?[ 35-64 S 11%
USA 185 pmole/L i 0
(Tuckeret al., 2000) (250 pg/ml) 2999 @ & J) 26-83 17%
Kenya 148 pmole/L 503 @ & &) i 0
(McLeanet al., 2007) (200 pg/ml) 514 40%
Nigeria 134 pmole/L 162 i 0
(McLeanet al., 2007) (181 pg/m) 0 12-16 9%
. 603 , .
Caribbean 185 pmole/L . ) Hispanic 17%
Hispanic 449 60-93 o . 0
(Kwanet al., 2002) (250 pg/ml) Non-Hispanic 154 Non-Hispanic 10%
Lebanon o
(Al Khatib et al., 2006) 300 pg/ml 4707 15-45 39.4%
. 4.9% from them:
Bahrain 132 pmole/L .
4180 Q & &) - 88% were Bahrainis
(Madanet al., 2009) (180 pg/mi) 12% were other nationalities

(9= females'= males, N=northern, S=southern).
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Table 7: Prevalence of vitamin B, deficiency in Jordan.

Cutoff point of vitamin

B1, deficiency

30

Age (years)

Percentage (%)

Jordan
180 pg/ml 8319 & &) 18-78 44.7%
(Barghoutiet al., 2009)
Jordan
200 pg/ml 1203 18-24 16%
(Abu-Samalet al., 2008)
290
Jordan 50.8% in Arabs
200 pg/ml 118 Arabs 16-72
(Hakoozet al., 2006) 46.9% in Circassians
172 Circassians
216
Jordan
222 pg/ml Q92 19-50 48.1%
(Fora and Mohammad, 2005)
4 124

(9= females3= males).

www.maharaa.com

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



31

Methods

1. Preparation of Client Assessment Questionnaire

A client assessment questionnaire considering desphic, medical and drug
history, and a semi-quantitative food frequencystjo@naire was prepared according to
Harvard University School of Public Health Food dtrency Questionnaire (Lee and
Nieman, 2007) (Appendix 1). The questionnaire weasted for its validity and
reliability using the Cronbach’s alpha test (Cractida alpha is a numerical coefficient
of reliability (Santos, 1999)). The test was dooe 25 questionnaires and it gives a
Cronbach’s alpha coefficient of 0.6964 (AppendixT)e food frequency questionnaire
(FFQ) is an acceptable method for assessing vitaimiake in different studies

(Henriguez-Sancheat al, 2009; Wakai, 2009)

2. Sample Selection

A total of more than 300 apparently healthy pessaisiting the Family
Medicine Clinic at Jordan University Hospital wengerviewed for their acceptance to
participate in this study. Only 165 of them aged4BOyears (males=66, females=99)
were recruited in the study. The study was apprdwethe Research Ethics Committee
of the Jordan University Hospital and a writterommhied consent was obtained from all
volunteers (Appendix 3). The selected volunteersewapparently healthy with no
previous diagnosis of vitamin ;B deficiency or not treated with vitamin ;B
supplementation for at least one year. Persons euitrent diagnosis of liver disease,
kidney problems, folate deficiency, pregnancy amdraated hypothyroidism were

excluded from the study. The protocol that was ulsedis study is shown in Figure 3.
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Serum vitamin By, level in normal healthy asymptomatic volunteers (n=165)

Normal serum vitamin B level

No further work-up

Low or low normal serum vitamin
B, level <300 pg/ ml)

!

Serum methylmalonic aguiMA)

|
’ !

Normal (<0.376 pmole/L) High>0.367 pmole/L)

No further work-up

Homocysteine (Hcy)

|
y v

Normal ir low Hifh

No further work-up Correlates with
vitamin By, deficiency

| l
Check for any of the below-
written etiological factors

|
' !

Anti-parietal cell antibody H. pylori IgA Anti-IF antibody

Figure 3: Flow diagram of the diagnosis methodology usethis study.
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3. Anthropometric Measurements

Weight and height were measured for all voluntegns, body mass index (BMI)
values were calculated for them. Body weight wassueed by using digital weighing
scale (Tanita, United Kingdom), which measures beodyght to the nearest 0.1 kg.
Height was measured by asking subjects to takeheif shoes and to stand straight,
feet together, kees straight and heels, buttociisshoulder blades were in contact with
the stadiometer (Gibson, 1993). Subjects were tdremped according to BMI into
underweight (<18.5 kg/fjy normal weight (18.5-24.9 kgfn overweight (25-29.9

kg/n?) and obeseR0 kg/nf).

4. Medical and Nutritional History

Informed consent was obtained from each parti¢ig&ppendix 3) and all
volunteers were asked to fill the previously pregarand tested questionnaire
(Cronbach’s alpha coefficient= 0.6964) (AppendixtBat summarizes their medical
history, social and educational information. Eativapits regarding the consumption of
foods of animal sources were determined by semmifative food frequency
guestionnaire (Appendix 1). The subjects were astiggive an approximate amount of

food items eaten and the frequency of its consumpti

5. Blood Sample Collection and Biochemical Tests

Blood samples were collected for all volunteersitofnated complete blood
count (CBC) using Cell-DYN37300 (USA/ Germany) aidod film reading using the
Wright stain were performed. Serum vitamip, Bvel was determined using automated
microparticle enzyme intrinsic factor assay (AxSYB4, Kit, Abbott, USA) at Al-

Khaldi Medical Center Laboratory, Amman.
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From all the volunteers, those with serum vitaByplevel <300 pg/ml (n= 114)
were tested for plasma methylmalonic acid (MMA). MMest was done at Jordan
University Hospital Laboratories, Amman. This tests done to confirm vitamin B

deficiency as MMA value of 0.376umole/L indicates deficiency (CDC, 2009).

MMA Test: MMA test were done according to the procedure desdrby Kushnir and
Komaromy-Hiller (2000) with some modifications. thms test, sample and control were
prepared by taking 1 ml of sample or control andirglto it 10 ml of ¢ MMA and 1

ml of acetonitrile. The mixture is then centrifugéar 5 minutes at 4000 g. The
supernatant of both sample and control were tharsterred into separate clean extract
tubes, previously conditioned with 2 ml methanotl &ml distilled water. The tubes
were then washed by sequential addition of 10 stildid water, 5 ml of methanol and
2 ml of methyl tert-butyrl ether (MTBE). The anagtwere eluted with 5 ml of 3%
formic acid in MTBE. The eluates were evaporated3atC. Derivatization of the

residues were then done by adding BSTFA and TMES0aninutes.

6. Possible Causes of Vitamin B Deficiency

As vitamin B, deficiency was confirmed (MMA>0.376 pmol/L) several
biochemical tests; including total serum homocysdtHcy), anti-parietal cell antibody
(APCA), Helicabacter pylori IgA and anti-intrinsic factor antibodies (anti-#atibody)
tests; were done to determine the possible cadsegmin By, deficiency.These tests

were done at Al-Khaldi Medical Center Laboratorynéan.
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6.1. Homocysteine Test:

A fully automated serum total homocysteine testcyfHwas done using
fluorescence polarization immunoassay (FPIA) (AxXSYAdmocysteine Kit, Abbott,
USA). Homocysteine value that contributes to vitarBi, deficiency is >13 pmole/L

(Andreset al., 2004).

6.2.Helicobacter pylori IgA Test:

H. pylori IgA was tested using enzyme immunoassay (ELISBI. (hternational,
Germany). In this test, serum samples were diluted:101 using a diluent buffer
(containing PBS buffer, BSA, < 0.1% NgN 100 uL of both standard and diluted
serum were pipetted into Microliter Plate, coveasd incubated for 60 minutes at 18-
25°C. The cover was removed, incubation solutiors Wescarded and the plate was
washed 3 times with 30@ of diluted wash buffer (containing PBS buffer, @en 20).
Then 100uL of enzyme conjugate (anti-human IgA) was added,glate was covered
and incubated for 30 minutes at 18-25°C. The cox&s removed, incubation solution
was discarded and the plate was washed 3 times3@fipl of diluted wash buffer. 100
ul of TMB substrate solution was added to the weflghe plate, and was incubated
uncovered for 20 minutes in the dark. The substedetion was stopped using 100
of TMB stop solution (0.5M E50Q4) (color changed from blue to yellow). Optical
density was measured within 60 minutes after addimg stop solution using a
photometer at 450 nm (reference wavelength: 600880 The results were interpreted

according to this table (Table 8):
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Table 8: Interpretation of results of serumH. pylori IgA.

U/ml Interpretation

<8 Negative
8-12 Equivocal
> 12 Positive

6.3. Anti-parietal Cell Antibody Test:

Anti-parietal cell antibody (APCA) was tested usingndirect
immunofluorescence assay (Anti-smooth muscle adisotest) (ASMA, BioSystems
Reagents and Instruments, Spain). In this tesinsevas diluted with PBS to a ratio of
1:20. One drop of the diluted serum was fixed afide then placed in a moist chamber
immediately and was incubated for 30 minutes atréemperature (15-30°C). Sample
drops were then drained using inclinated slide mack rinsed briefly with PBS. Slides
were then washed thoroughly in a staining dishaiairig PBS for 5 minutes (this step
is repeated by changing the PBS solution). Thesshkds then blotted carefully and a
drop of the conjugate was added and the slide nasbated for 30 minutes at room
temperature. The slide was then washed and blaiteldseveral drops of mounting
medium were added. The slide was then covered aathired under fluorescence

microscope. The results were interpreted as follgveble 9):

Table 9: Interpretation of results of serum anti-paietal cell antibodies.

Interpretation
<1:10 Negative
>1:10 Positive
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6.4. Anti-Intrinsic Factor (IF) Antibody Test:

Anti intrinsic factor antibodies were tested usemgyme linked immunosorbent
assay (ELISA) (IMMCO Diagnostic, USA). In this teslood sample is diluted to the
ratio 1:101 by mixing 5 pl of serum with 500 pl ofady to use serum diluent (contains
< 0.1% NaN). 100 pl of ready to use calibrators, positive aadative controls and the
diluted blood samples were pipetted to the appatgrmicrowells as directed by the
protocol sheet provided with the kit. The sampleseathen incubated for 30 minutes at
room temperature, washed with 4x with wash buffeen 100 ul of conjugate were
added into microwells and was incubated for 30 meigwat room temperature. The
samples were washed again with the wash buffezymaa substrate (100 ul) were then
added into each microwell, and samples were againbated for 30 minutes at room
temperature. To stop the reaction, 100 pl of stdption were added to the microwells.
Absorbance of each well were read at 405 nm usisggle or at 405/630 nm using a
dual wavelength microplate reader against the redgank set at zero absorbance. The

results were interpreted as follows (Table 10):

Table 10: Interpretation of results of serum anti-ntrinsic factor antibodies.

Anti-IF value Interpretation

<20 EU/mI Negative
20-25 EU/mI Intermediate (Borderline)
>25 EU/mI Positive
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7. Dietary Vitamin B, Content Calculations

Vitamin By, content for the selected food items included & dbestionnaire was
calculated using ESHA Food Processor program, eer3i.71 (2001) (Salem, OR,
USA). To convert the frequency of eaten items titydzasis with once per week equals
to one, we divide the frequency of consumptionyeek or month over the number of
days in the week or month respectively (e.g., iteonsumed 2 times per week is
equivalent to 2/7, item consumed 3 times per mamthquivalent to 3/30). Then we
converted the frequency per day to quantity (weightgrams) by multiplying the
frequency by usual amount consumed as reportedalticipant (Gibson, 1993). The
amount in grams consumed per day were then entergtte ESHA Food Processor
program, where the average amount of vitamipdnsumed per day was calculated

for each item.

8. Statistical Analysis

Participants were divided into three groups dependn serum vitamin 8 level:
Group 1 (Low) with serum vitaminiBlevel< 200 pg/ml; Group 2 (Low normal) with
serum vitamin B, level between 201-300 pg/ml; and Group 3 (Nornwth serum
vitamin By, level >300 pg/ml.

Statistical analysis was performed using SPSS softywersion 17.0 (Chicago, IL,
USA). The association between both serum vitaminl®sel and plasma MMA level
with other parameters were assessed using Peapsatation coefficient. The results
of each variable were subjected to cross-tabulatimh Chi-square test to evaluate the
variables that can influence vitamini;Blevel. The difference in means between

different variable groups and vitamin Bevel were subjected to analysis of variance
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(ANOVA). Differences in mean variables for diffeteB;1, groups and for different
MMA groups were also done using ANOVA. The assaoiabetween serum vitamin
B, and vitamin B, intake for the two MMA groups>0.376 pmole/L and <0.376
pmole/L) were assessed using the T-test. Results @pressed as mean + standard

error of mean (SEM). R0.05 was considered significant.
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Results

1. Description of the Study Sample

Table 11 shows that the mean age of the studypgn@s 28.22 years with mean
serum vitamin B, level of 273.26 pg/ml, hemoglobin 13.79 g/dl anilIBof 24.07
kg/m?. Other characteristics are also shown in TableAllsubjects were educated with
minimum of school certificate (20%), 10.9% had eg# degree, 57.0% had a bachelor
degree and 12.1% continued their graduate studippefdix 4). Table 12 shows the

distribution of subjects according to the educatidevels.

1.1.Body Mass Index (BMI)
Table 13 and Figure 4 show the distribution of eaty according to BMI. The
majority of the study group had normal BMI (60.0%yhile those who were

underweight were very few (4.2%).

1.2.Eating Habits and Nutrient Intake

Table 14 shows the total vitaminHntake and the contribution of different food
items to intake by the study subjects. As it isvamoorgan meats (liver and spleen)
accounts for the majority of vitamimBintake (38.49%), 18.84% comes from red meat,
17.82% from dairy product, 12.18% from fortifieceld, 5.54% from fish, 3.58% from
chicken whereas eggs comes the last in its comipibwof total vitamin B, intake

(3.51%) (Figure 5).
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Table 11: Characteristics of the study group.

Mean = SEM* n

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit

Age (years) 28.22 8.476 165
BMI (kg/m°) 24.07 £ 0.292 165
Family size (person) 5.9+0.186 165
Serum B; (pg/ml) 273.26 + 8.629 165
Hemoglobin (g/dl) 13.79£0.131 164
Erythrocytes (x16/L) 4.87 +0.0369 164
MCV (fl) 84.99 + 0.379 164
PCV (L/L) 0.41 £ 0.004 164
MCH (pg) 28.30 £ 0.174 164
MCHC (g/L) 332.94 +0.789 164
RDW (%) 16.47 £ 0.149 164
Platelets (x109L) 259.90 * 4.404 164
MPV (fl) 9.23+0.117 162
WBCs (x10/L) 6.83 +0.124 164
Neutrophils (x16/L) 3.85+0.103 164
Lymphocyres (x19L) 2.09 £0.047 164
Monocytes (x10/L) 0.47 £0.012 164
Eosinophils (x18/L) 0.14 + 0.009 164
Basophils (x18/L) 0.06 + 0.002 164
MMA (umole/L) 0.44 +0.063 114
Homocysteine (umole/L) 12.69 £ 0.816 54

*SEM= Standard error of mean
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Table 12: Distribution of subjects according to edoational level.

Educational level

Total n

Percentage

School 33 20.0

Junior college (diploma) 18 10.9
BSc 94 57.0

Higher studies 20 12.1
Total 165 100
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Table 13: Distribution of subjects according to BML

BMI (kg/m?) Frequency Percentage
<18.5 7 4.2
18.5-24.9 99 60.0
25-29.9 48 290.1
>30 11 6.7
Total 165 100

.60

C.40

Percentage

<18.5 18.5-24.G 25-29.6 >=30

Body Mass Index

Figure 4. A bar diagram representing the percentagedistribution of the study
sample according to BMI.
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Table 14: Contribution of different food items to vitamin B 1, intake (pg/day).

% of contribution of total B 1,

Food Item Mean intake + SEM % of contribution from RDA
intake
Red meat 1.1080.078 18.84% 45.83%
Chicken 0.210 £ 0.010 3.58% 8.75%
Fish 0.324 £ 0.037 5.54% 13.33%
Organ meats (Liver and spleen) 2.254 +0.302 38.49% 93.75%
Dairy products 1.044 £ 0.058 17.82% 43.33%
Fortified bread 0.713 £ 0.046 12.18% 29.58%
Eggs 0.205 +0.021 3.51% 8.75%
Total intake 5.857 £ 0.370 100% 244.17%
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Figure 5: Contribution of different food items to vitamin B, intake.
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1.3. Hematological Tests
1.3.1. CBC and Blood Film

From all patients, 86% had normal hemoglobin (H¢Bable 15), 94.5% had
normal MCV (Table 16). By blood film test, no suij@howed macrocytic erythrocytes,
77.4% of subjects showed normal blood film withmocytic normochromic red blood

cells (Table 17). Normal values of blood indices sted in Appendix 5.

1.3.2. Serum Vitamin B, Level
The mean serum vitaminBlevel was 273.26 pg/ml (Table 11). Serum Bvels

were divided into 3 categories (Table 18 and Fig)re

<200 pg/ml deficient (low)
201-300 pg/ml low normal
> 300 pg/ml normal

This table shows the percentage distribution difjextis according to serum;B
categories. It can be noted that 27.3% (n=45) htdmin B, deficiency (defined as
serum vitamin B; <200 pg/ml); 41.8% (n= 69) had low-normal seruny Bevel
(defined as serum vitamin;Blevel between 201-300 pg/ml); and 30.9% (n=51g ha

normal serum B levels (defined as serum vitamin,B-300 pg/ml).

1.3.3. Plasma MMA Level

Plasma MMA concentrations were measured in thadesgrum B, level <300
pg/ml. These subjects accounted for 69.1% of tted sbudy group (Table 18). This test
was done to confirm deficiency for those with semlevel <200 pg/ml, and to check
for possible hidden deficiency for those havinguserB;, levels between 201-300

pg/ml. The cutoff point of MMA used to confirm deiéncy was 0.376 pumole/L.
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Table 15: Distribution of subjects according to heraglobin value*.

Frequency Percentage

Normal 141 86.0

Hemoglobin (g/dl)
Abnormal (low) 23 14.0
n 164 100

* Normal range of Hgb for males is 14-18 g/dl, dodfemales 12-16 g/dl; the mean Hgb of the
males in the noraml group (n=62) was 15.39 + 0/8§ &pr the females in this group (n=79), it
was 13.28 + 0.058 g/dl. In the low Hgb group, itiean of Hgb in males (n=3) was 13.0 £ 0.82

g/dl, and that of the females (n=20) was 10.93262.g/dI.

www.manharaa.com

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



48

Table 16: Distribution of subjects according to MCV.

Frequency Percentage

Normal 155 94.5
MCV (fl)*
Abnormal 9 5.5
n 164 100

* Normal range of MCV for males: 76-94 fl, and fiemales: 76-99 fl; the mean MCV of the
males in the noraml group (n=63) was 85.59 = 3|6fr the females in this group (n=92) it
was 85.46 + 3.60 fl. Low MCV values were seen anlffemales (n=7) with mean value of

70.57 £ 4.84 fl, whereas high MCV values were seay in males (n=2) with a mean of 94.95

+1.06 fl.
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Table 17: Distribution of subjects according to RBG characteristics by blood film

test.

Frequency Percentage

Abnormal RBCs (hypochromic microcytic 20 12.1

and hypochromic anisocytic)

RBC
normochromic anisocytic RBCs 17 10.4
normochromic normocytic RBCs 127 77.4
n Total 164 100.0
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Table 18: Distribution of subjects according to seum B, levels.

Serum By, (pg/ml)

<200

201-300

>300

Frequency

45

69

51

50

Percentage (%)

27.3

41.8

30.9

Cumulative
percentage (%)
27.3
69.1

100.0

Total 165 100.0
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Figure 6: The percentage distribution of subjects ecording to their serum vitamin
Bi2 level.
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Table 19 shows the percentage of subjects in witamin B;, deficiency is confirmed

with plasma MMA.

2. Age and Gender

The percentage distribution of vitaminBtatus according to different age groups
is also depicted in Table 20. As shown in Apper@liage was significantly correlated
with vitamin By status (r=0.178; P=0.022). However, the mean viidy, level for the
age group 30-40 years was significantly higher ttiet of the age group 20-29 years
(P=0.047) (Table 21). Moreover, there was no sigaift difference in the means of
serum vitamin B, level between the age groups in males as welh &snales (Tables
22).

According to Table 21, there was no significanfeddnce in the means of vitamin

B12 levels among males and females (P=0.666).

3. Educational Level

Distribution of the study group according to theducational levels are listed in
Appendix 4. Table 21 shows no significant differena serum B, level between

different educational levels (P=0.205).

4. Family Size

Household (family) size represents the number edpte living in the same
house. Our results showed no significant differdmewveen different household groups
(<4 persons, 4-7 and >7 persons) in regard to seitaimin B, level (P=0.916) (Table

21).
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Table 19: Distribution of subjects according to plama MMA level *.

Frequency Percentage

MMA < 0.376 pumole/L 60 52.6
MMA > 0.376 umole/L 54 47.4
n 114 100

*The cutoff point of MMA is 0.376 pmole/L.
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Table 20: Vitamin B;, status distribution according to age groups.

Serum B, level

<200 pg/mi 200-300 pg/mli >300 pg/ml
20-29 years 31 (32.3%) 41 (42.7%) 24 (25%) 96 (100%
30-40 years 14 (20.3%) 28 (40.68&) 27 (39.1%) 60D
Total 45 (27.3%) 69 (41.8%) 51 (39.9%) 165 (100%)
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Table 21: Serum vitamin By, levels of the study group according to different

variables studied.

Variable

Mean serum B>

(pg/ml) + SEM

P-value

20-29 96 258.78 + 11.798
Age (years) 0.047*
30-40 69 293.41 +12.191
Females 99 270.20 £ 11.0938
Gender 0.666
Males 66 277.85 +13.814
School 33 309.33 +18.981
Educational Junior college 18 253.56 £ 19.268 0.205
level BSc 94 266.72 + 12.453 '
Higher studies 20 262.20 + 16.916
<4 54 277.81 +17.575
Family size
4-7 71 269.41 +11.339 0.916
(persons)
>7 40 273.95+17.714
Underweight 7 253.86 + 30.866
5 Normal weight 99 272.11 + 11.659
BMI (kg/m ©) 0.696
Overweight 48 270.10 £ 15.944
Obese 11 309.73 + 24.252
Total By, intake <2.4 19 265.68 + 24.019 0.752
(ug/day) >2.4 146 274.25 £ 9.262 '

* Significant at P<0.05.
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Table 22: Serum vitamin By, levels for males and females according to age gnos!

Mean serum By, level

Age Group n P-value
(pg/ml) £ SEM
20-29 years 31 259.58 £ 23.615
Males 0.216
30-40 years 35 294.03 + 15.353
20-29 years 65 258.40 £ 13.433
Females 0.142
30-40 years 34 292.76 £ 19.272

* Significant at P<0.05.
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5. Body Mass Index (BMI)

Appendix 7 gives the distribution of subjects adiog to BMI classifications.
Table 21 shows no significant difference in meanrseB;, levels among different BMI

groups (P=0.696).

6. Total Vitamin B 1, Intake

The mean total vitamin B intake was 5.86 pg/day (Table 14). As shown in
Appendix 6, this intake had no significant corrgatwith vitamin B, status (r = 0.075;
P=0.342). The mean serum,Bevel was not different in subjects with total,Bntake

>2.4 pg/day and those with totaj Bntake < 2.4 pg/day (P=0.752) (Table 21).

7. Hematological Parameters

Different hematological parameters were compared® three B, groups. There
was an inverse correlation between vitamipp 8atus and MCV (r=-0.170; P=0.03);
platelets (r=-0.158, P=0.044) and MPV (r=0.163, B38), whereas it showed marginal
correlation with MCH (r= -0.131, P=0.095) (Appendi¥x On the other hand, as it is
noticed from Table 23, there was a trend of haviiginer MCV values in the group of
serum vitamin B, <200 pg/ml compared to the other groups (P=0.066)dNerence
in the mean of other blood values were found whempared for the B groups (Table
23).

Vitamin By, status was found to have no relation with bglobin level (r = -
0.048; P=0.545) (Appendix 6). By comparing the atiéint B, groups, no significant
difference was found in hemoglobin level among ti@able 23). No correlations were

found between vitamin B status and other blood count values (P >0.05) éAgpx 6).
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Table 23: Mean CBC values for subjects with differat serum By, levels.

Mean Variable +

Variable B12 Group
SEM
Hemoglobin <200 pg/mi 45 13.91 £ 0.223
(/d) 201-300 pg/ml 68 13.80+0.214 0.777
>300 pg/ml 51 13.67 £0.244
<200 pg/mi 45 86.22 + 0.653
MCV (fl) 201-300 pg/ml 68 84.99 + 0.617 0.065
>300 pg/ml 51 83.91 £ 0.665
Erythrocytes <200 pg/ml 45 4.83 +0.060
(x10%1L) 201-300 pg/ml 68 4.88 + 0.062 0.708
>300 pg/ml 51 4.90 + 0.068
<200 pg/ml 45 0.416 + 0.006
PCV (L/L) 201-300 pg/ml 68 0.414 + 0.006 0.803
>300 pg/ml 51 0.410 £ 0.006
<200 pg/ml 45 28.79 £ 0.296
MCH (pg) 201-300 pg/ml 68 28.28 + 0.267 0.141
>300 pg/ml 51 27.89 £ 0.336
<200 pg/ml 45 333.78 + 1.381
MCHC (g/L) 201-300 pg/ml 68 332.38 £1.146)  0.775
>300 pg/ml 51 332.94 +1.638
<200 pg/ml 45 16.17 +0.212
RDW (%) 201-300 pg/ml 68 16.425 + 0.222 0.257
>300 pg/ml 51 16.81 £ 0.327
<200 pg/mi 45 265.89 £6.735
Platelets (x19L) | 201-300 pg/ml 68 260.15 + 6.989 0.605
>300 pg/ml 51 254.28 + 8.825
<200 pg/ml 45 8.99 +0.182
MPV (fl) 201-300 pg/ml 67 9.22 +0.183 0.317
>300 pg/ml 50 9.45 £ 0.237

www.manaraa.com

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



58

Table 23 (cont'd): Mean CBC values for subjects wit different serum By, levels.

Mean Variable +

Variable B12 Group
SEM
<200 pg/mi 45 6.48 £0.212
WBCs (x10/L) | 201-300 pg/ml 68 6.98 + 0.204 0.210
>300 pg/mli 51 6.94 £ 0.220
_ <200 pg/mi 45 3.56 £ 0.200
Neutrophils
201-300 pg/ml 68 3.93+0.166 0.208
(x10°/L)
>300 pg/ml 51 4.01+0.168
<200 pg/mi 45 2.04 £ 0.094
Lymphocytes
201-300 pg/ml 68 2.12 £0.072 0.765
(x10°/L)
>300 pg/ml 51 2.11 +0.074
<200 pg/mi 45 0.46 +0.022
Monocytes
201-300 pg/ml 68 0.47 £ 0.017 0.785
(x10°/L)
>300 pg/ml 51 0.48 £ 0.023
) ) <200 pg/mi 45 0.137 £ 0.018
Eosinophils
201-300 pg/ml 68 0.135+0.013 0.847
(x10°/L)
>300 pg/ml 51 0.148 £ 0.018
) <200 pg/mi 45 0.062 + 0.004
Basophils
201-300 pg/ml 68 0.064 + 0.003 0.864
(x10°L)
>300 pg/mli 51 0.061 +0.003
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As discussed in the methodology section, MMA wasasoeed for all subjects
with serum vitamin B, <300 pg/ml. Mean MMA levels were not significantliffdrent
in both B, groups as shown in Table 24.

Homocysteine was also measured for only those wathfirmed vitamin B,
deficiency (n=54). Homocysteine, in contrast to MMghowed an inverse correlation
with vitamin B, status (r = -0.423; P=0.001) (Appendix 6). It wasind to be
significantly higher in B, group of serum B <200 pg/ml than those between 201-300

pg/ml (P=0.019) (Table 24).

8. Medical History

Medical history includes medicine consumption, figmhistory of vitamin B>
deficiency and the history of undergoing gastrahi®l (Gl) surgeries. According to
the questionnaire filled by the participants, thesxre found to use the listed
medications in Appendix 2 very rarely or even nioal§ so it was ignored from being
statistically analyzed. Total number of those hgvinfamily history of vitamin B
deficiency was 50 persons (30.3% (50 from 165)haf $tudy group). However, no
association was found between having family histofyitamin By, deficiency and
vitamin B, status (P=0.212) (Table 25). Moreover, only foatignts from 165 had
undergone gastrointestinal (Gl) surgeries. It wasi that there was no association

between having a previous Gl surgery and vitaminsBatus (P=0.942) (Table 25).

9. Deficiency Symptoms

Several symptoms were studied for their associatiwith vitamin B, status.
These symptoms included headache, weight loss, messb general weakness, fatigue,
gait loss, visual impairment, focal impairment, ggitis, joint pain and diarrhea. There

were no significant associations between serummiitaB;, level and the clinical
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Table 24: Mean plasma MMA and total homocysteine fosubjects with different

serum Bys levels.

Mean Variable +

Variable B12 Group n P-value
SEM

<200 pg/mi 45 0.400 + 0.025

MMA 0.615
201-300 pg/ml 69 0.466 + 0.103
) <200 pg/mi 23 14.90 + 1.688

Homocysteine 0.019*
201-300 pg/ml 31 11.06 + 0.539

* Significant at P<0.05.
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Table 25: Distribution of subjects in the differentserum By, categories according to their medical history.

Medical History

Serum By, level

<200 pg/mi 201-300 pg/mli >300 pg/ml
n (%) n (%) n (%)
Don’t know 2 (4.4%) 2 (2.9%) 0 (0%)
Family history of
o o No 25 (55.6%) 47 (68.1%) 39 (76.5%) 0.212
vitamin B 1, deficiency
Yes 18 (40.0%) 20 (29.0%) 12 (23.5%)
No 44 (97.8%) 67 (97.1%) 50 (98.0%)
History of having Gl
) 0.942
surgeries
Yes 1 (2.2%) 2 (2.9%) 1 (2.0%)
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symptoms of vitamin B deficiency except for visual impairment which wasnd in

significantly more patients with vitamimBthan other patients (P=0.012) (Table 26).

10. Determination of True Vitamin B 1, Deficiency

True vitamin B, deficiency was determined for those with serunandin B,
level < 300 pg/ml (n = 114). We measured plasma MMA levelsthose subjects.
Those having MMA lever 0.376 umole/L were confirmed of having true vitars,

deficiency, whereas the others were considered alorm

10.1.Characteristics of the studied group
Table 27 shows the demographic, social and henwtalocharacteristics of the
studied group (with B level < 300 pg/ml). it showed that mean age was 27.67syear

BMI was within normal range (23.95 kgfjrand family size was 5.8 persons.

10.2.Age and Gender

Comparison between those with true vitamin, Bleficiency (MMA >0.376
pumole/L) and those without (MMA <0.376 pmole/L) wedone. No significant
difference in the age was found between the twomgsdqTable 28). Moreover, age was
not correlated with plasma MMA level (r = 0.056, (P553) (Appendix 8). No
significant difference in plasma MMA values was ridubetween males and females

(Table 28).

10.3.. Body Mass Index (BMI) and Family Size
Results showed no significant difference in the miB®| between the two groups
(P=0.618) (Table 28). Furthermore, no significaiftedence in plasma MMA values

was found between different BMI categories (Tab®.2Although there was no
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Table 26: Distribution of subjects in the differentserum By, categories according to having clinical symptomsetated to vitamin By,
deficiency.

Serum By, level

201-300 pg/mi >300 pg/ml

Total No. (165)
Occurrence <200 pg/ml

n

n (%)

n (%)

n (%)

No 113 32 (71.1%) 47 (68.1%) 34 (66.7%)
Headache 0.893
Yes 52 13 (28.9%) 22 (31.9%) 17 (33.3%)
_ No 155 43 (95.6%) 65 (94.2%) 47 (92.2%)
Weight loss 0.779
Yes 10 2 (4.4%) 4 (5.8%) 4 (7.8%)
No 141 39 (86.7%) 61 (88.4%) 41 (80.4%)
Numbness 0.452
Yes 24 6 (13.3%) 8 (11.6%) 10 (19.6%)
No 85 27 (60.0%) 36 (52.2%) 22 (43.1%)
Weakness 0.245
Yes 80 18 (40.0%) 33 (47.8%) 29 (56.9%)
No 101 27 (60.0%) 42 (60.9%) 32 (62.7%)
Fatigue 0.960
Yes 64 18 (40.0%) 27 (39.1%) 19 (37.3%)
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Table 26 (cont’d): Distribution of subjects in thedifferent serum B, categories according to having clinical symptomsefated to vitamin
Bi.deficiency.

Serum By, level

Total No. (165)

Occurrence <200 pg/ml 201-300 pg/ml >300 pg/ml
n
n (%) n (%) n (%)
) No 146 40 (88.9%) 61 (88.4%) 45 (88.2%)
Gait loss 0.995
Yes 19 5 (11.1%) 8 (11.6%) 6 (11.8%)
Visual No 131 29 (64.4%) 60 (87.0%) 42 (82.4%) 0.012¢
impairment Yes 34 16 (35.6%) 9 (13.0%) 9 (17.6%) '
Focal No 122 29 (64.4%) 56 (81.2%) 37 (72.5%) 0.134
impairment Yes 43 16 (35.6%) 13 (18.8%) 14 (27.5%) '
N No 150 42 (93.3%) 62 (89.9%) 46 (90.2%)
Glossitis 0.801
Yes 15 3 (6.7%) 7 (10.1%) 5 (9.8%)
_ ) No 133 39 (86.7%) 54 (78.3%) 40 (78.4%)
Joint pain 0.483
Yes 32 6 (13.3%) 15 (21.7%) 11 (21.6%)
) No 160 44 (97.8%) 65 (94.2%) 51 (100.0%)
diarrhea 0.175
Yes 5 1(2.2%) 4 (5.8%) 0 (0%)

* Significant at P<0.05.
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Table 27: Characteristics of the subjects with vitenin B1,< 300 pg/ml.

Mean =+ SEM n

Age (years) 27.67 8.558 114
BMI (kg/m?) 23.95 + 0.340 114
Family size (persons) 5.8 £0.220 114
Serum B> (pg/ml) 214.68 +5.029 114
Hemoglobin (g/dl) 13.842 £ 0.156 113
Erythrocytes (x16/L) 4.858+ 0.044 113
MCV (fl) 85.482 £ 0.455 113
PCV (L/L) 0.415 £ 0.004 113
MCH (pg) 28.483 + 0.200 113
MCHC (g/L) 332.938 + 0.881 113
RDW (%) 16.324 + 0.158 113
Platelets (x10L) 262.434 + 4.9747 113
MPV (fl) 9.125 +£0.132 112
WBCs (x10/L) 6.782 + 0.150 113
Neutrophils (x16/L) 3.785+0.128 113
Lymphocyres (x10L) 2.084 +0.057 113
Monocytes (x18/L) 0.464 +0.013 113
Eosinophils (x16/L) 0.136 + 0.106 113
Basophils (x18/L) 0.063 £ 0.003 113
MMA (umole/L) 0.440 = 0.063 114
Homocysteine (umole/L) 12.69 £ 0.816 54
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Table 28: Comparison of different variables studiedbetween groups with

confirmed and non-confirmed vitamin By, deficiency.

Mean Variable +

Variable MMA Group n P-value
SEM
<0.376 60 27.92 +0.778
Age (years) 0.639
>0.376 51 27.39 £ 0.807
Serum By, <0.376 60 218.85+ 7.131 0.384
(pg/ml) >0.376 54 210.04 + 7.083 '
, <0.376 60 23.79 £ 0.455
BMI (kg/m ©) 0.618
>0.376 54 24.13 £ 0.513
Family size <0.376 60 5.43 £ 0.287 0.081
(persons) >0.376 54 6.2  0.333 '
Total By, intake <0.376 60 6.21 + 0.658 0335
(Lg/day) >0.376 54 5.35  0.575 '
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Table 29: Plasma MMA levels according to differenwariables studied.

Plasma MMA level

Variable P-value

(umole/L) £ SEM

Females 68
e 0.473+0.105 0.52
Males 46 0.390+0.021
Underweight 5 0.465+0.104
Normal weight 69
i g 0.464+0.103 0.96
Overweight 34 0.402+0.024
Obese 6 0.355+0.080
School 18 0.769+0.389
Educational Junior college 14 0.365+0.034
0.15
level BSc 67 0.391:+0.020
Higher studies 15 0.331+0.036
Total B;; intake <2.4 10 0.449+0.052 0.97
(ng/day) >2.4 104 0.439+0.069
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significant correlation between MMA level and fayisize (r = -0.031, P=0.744)
(Appendix 8), there was a marginal significancehia mean family size between the
two groups (P=0.081). There was a trend in having vitamin B, deficiency in those

having larger family size (Table 28).

10.4.Educational Level
Table 29 shows no significant difference in meaaspla MMA levels when

compared for different educational levels (P=0.15).

10.5.Total Vitamin B 15 Intake

No significant differencevas found between total;Bintakes in the two groups.
Moreover, there was no significant difference in MNbr those obtaining vitamin 8
above the RDA (2.4 pg/day) and those obtaining étssnin By, less than the RDA

(P=0.97) (Table 29).

10.6.Hematological Parameters

By comparing the means of differe@BC values between the two groups, no
significant differences were found in the mean galwf these blood components.
Similar results were observed for serum Bvel in the two groups (Table 30).

In contrast, MCV and MCH were found to have sigrfit inverse correlations
with plasma MMA level (r = -0.2, P=0.034; r = -0R0P=0.032, respectively)
(Appendix 8).

Serum homocysteine (Hcy) level was measured fosehwith true vitamin B
deficiency (n=54). It was found that only 25.9% 14¥ had high Hcy level>(13

pmole/L) (Table 31).
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Table 30: Mean CBC values for subjects with differat plasma MMA levels.

MMA Group

Variable

SEM

Hemoglobin <0.376 60 13.81 £ 0.205 0.817
(g/dI) >0.376 53 13.88 + 0.239 '
<0.376 60 85.958 + 0.556
MCV (fl) 0.267
>0.376 53 84.943 + 0.737
Erythrocytes <0.376 60 4.83 +0.061 0.473
(x10'%L) >0.376 53 4.89 +0.064 '
<0.376 59 0.414 + 0.006
PCV (L/L) 0.952
>0.376 53 0.415 + 0.006
<0.376 60 28.60 + 0.248
MCH (pg) 0.537
>0.376 53 28.35+0.322
<0.376 60 332.3+1.076
MCHC (g/L) 0.443
>0.376 53 333.7£1.434
<0.376 60 16.218 + 0.233
RDW (%) 0.479
>0.376 53 16.443 + 0.210
<0.376 60 259.6 + 6.56
Platelets (x19L) 0.552
>0.376 53 265.4 +7.62
<0.376 60 9.21 +0.203
MPV (fl) 0.499
>0.376 53 9.03 +0.163
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Table 30 (cont'd): Mean CBC values for subjects wit different plasma MMA

levels.
Variable MMA Group n Mcan Varianie = P-value
SEM
WECs (x1IL) <0.376 60 6.86 + 0.223 0565
>0.376 53 6.69 £ 0.198
Neutrophils <0.376 60 3.58 £0.191
(x10°L) >0.376 53 3.71£0.169 0585
Lymphocytes <0.376 60 2.01+£0.076 0.146
(x10%/L) >0.376 53 2.17 £0.085
Monocytes <0.376 60 0.456 + 0.0197
(x10°L) >0.376 53 0.473 £0.0177 0531
Eosinophils <0.376 60 0.134 +0.0143
(x10%L) >0.376 53 0.139 £ 0.016 0799
Basophils <0.376 60 0.064 + 0.004
(x10°/L) >0.376 53 0.062 + 0.003 0791
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Table 31: Distribution of subjects with true vitamin B, deficiency according to

their serum homocysteine levels.

Homocysteine

Frequency Percentage (%)
level
Homocysteine <13 40 74.1%
(umole/L) >13 14 25.9%
Total 54 100%
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10.7.Medical History

Medical history including family history of vitamiB;, deficiency and history of
having Gl surgeries was evaluated for both groljmsassociation between being true
deficient and having family history of;Bdeficiency was found (Table 32). In contrast,
there was a trend of having previous Gl surgenmnekiacidence of being a true deficient

(Table 32).

10.8.Clinical Symptoms

Clinical symptoms were studied for their assocratiwith true vitamin B,
deficiency. There were no significant associatitbetween true B deficiency and
clinical symptoms except for visual impairment. Hoer, a trend of having weakness

was seen in true deficient subjects (Table 33).

11. Distribution of True Deficient Subjects According o their Serum

B., Level

Table 34 showed th&l.1% of those with serum;Blevel< 200 pg/ml were true
deficient while the percentage of true deficienaythose with low-normal vitamin B
levels was 44.9% (as indicated by elevated MMAO(376 pmole/L) which confirmed

their subclinical vitamin B deficiency).
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Table 32: Distribution of subjects in the differentMMA categories according to their medical history.

Plasma MMA level

Total No. (114)

Medical history > 0.376 pmole/L < 0.376 umole/L
n
n (%) n (%)
Don’t know 3 2 (3.7%) 1(1.7%)

Family history of
o . No 72 34 (63.3%) 38 (63.0%) 0.790
vitamin B 1, deficiency

Yes 39 18 (33.3%) 21 (35.0%)
History of having Gl No 111 51 (94.4%) 60 (100%) 0.064
surgeries Yes 3 3 (5.6%) 0 (0%) '
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Table 33: Distribution of subjects in the differet MMA categories according to having clinical sympbms related to vitamin B,

deficiency.

Occurrence

Total No. (114)

n

Plasma MMA level

> 0.376 pmole/L

n (%)

< 0.376 pmole/L

n (%)

No 79 39 (72.2%) 40 (66.7%)
Headache 0.521
Yes 35 15 (27.8%) 20 (33.3%)
_ No 108 50 (92.6%) 58 (96.7%)
Weight loss 0.331
Yes 6 4 (7.4%) 2 (3.3%)
No 100 47 (87.0%) 53 (88.3%)
Numbness 0.833
Yes 14 7 (13.0%) 7 (11.7%)
No 63 25 (46.3%) 38 (63.3%)
Weakness 0.068
Yes 51 29 (53.7%) 22 (36.7%)
) No 69 32 (59.3%) 37 (61.7%)
Fatigue 0.793
Yes 45 22 (40.7%) 23 (38.3%)
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Table 33(cont’d): Distribution of subjects in thedifferent MMA categories according to having clini@l symptoms related to vitamin B>

deficiency.

Total No. (114)

Plasma MMA level

Symptom Occurrence > 0.376 pmole/L < 0.376 umole/L
n
n (%) n (%)
) No 101 46 (85.2%) 55 (91.7%)
Gait loss 0.277
Yes 13 8 (14.8%) 5 (8.3%)
Visual No 89 37 (68.5%) 52 (86.7%)
) ) 0.019*
impairment Yes 25 17 (31.5%) 8 (13.3%)
_ _ No 85 36 (66.7%) 49 (81.7%)
Focal impairment 0.066
Yes 29 18 (33.3%) 11 (18.3%)
N No 104 49 (90.7%) 55 (91.7%)
Glossitis 0.861
Yes 10 5 (9.3%) 5 (8.3%)
) . No 93 41 (75.9%) 52 (86.7 %)
Joint pain 0.140
Yes 21 13 (24.1%) 8 (13.3%)
] No 109 52 (96.3%) 57 (95.0%)
diarrhea 0.736
Yes 5 2 (3.7%) 3 (5.0%)

www.maharaa.com

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



76

Table 34: Percentage of subjects whom vitamin 1B deficiency is confirmed using

plasma MMA levels.

 Serumvitamin B, % of patients with MMA % of patients with MMA
(pg/ml) >0.376 pmol/L <0.376 pmol/L
<200 23 (51.1%) 22 (48.9%)
201-300 31 (44.9%) 38 (55.1%)
Total 54 (47.4%) 60 (52.6%)
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12. Possible Causes of Vitamin B Deficiency

As shown in Table 35, 1.9% of these subjects lanteparietal cell antibodies
(APCA), 7.4% haveHelicobacter pylori IgA positive test and 3.7% have anti-intrinsic
factor (IF) antibodies. Those with daily;Bintake less than the recommended daily
allowances (<2.4 pg/day) accounts for 13.0% (T&5le If the subjects on borderline
values were considered positive, this will incretfse percentages to 18.52% having
APCA, 22.2% havingd. pylori IgA and 9.3% having anti-IF antibodies (Figure A3.a

result, 27.8% had diagnosed pernicious anemia2ar¥o hadH. pylori infection.
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Table 35: Numbers and percentages of subjects wittonfirmed vitamin B,

deficiency according to different possible caused B, deficiency.

Test n Percentage
APCA -ve 44 81.48%
+ve 1 1.85%
Borderline |9 16.67%
Anti-If antibodies -ve 49 90.7%
+ve 2 3.7%
Borderline |3 5.6%
H. pylori IgA -ve 42 77.8%
+ve 4 7.4%
Borderline |8 14.8%
Daily B;z intake <2.4 pg/day 7 13.0%
>2.4 yg/day 47 87.0%
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(©)

Vitamin B12 intake

< 2.4 pg/day
13.0%

(d)

Figure 7: A pie chart representing percentages ofgtients with confirmed By,

deficiency: (a) according to anti-parietal cell antibodies (APCA) est, (b)

according to H. pylori IgA test, (c) according to anti-IF antibodies test,(d)

according to vitamin B,, intake
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Discussion

Vitamin By, deficiency in Jordan has increased to an alerttg in the last few
years (MOH, WHO and MOA, 2006). Several studiesenewnducted to evaluate the
B, status in Jordan, and they showed that theregk prevalence of vitamin B
deficiency among Jordanians. Serum vitamip, Bevel was used as a tool for
determining the prevalence of deficiency; howetse, exact etiology of deficiency and
other diagnostic tools were not explored. In thiglg, we used other diagnostic tools to
confirm the deficiency, including the MMA test, whiis a confirmatory test for,B
deficiency if plasma methylmalonic acid (MMA) lewelhs greater than 0.376 pmole/L
(CDC, 2003). MMA being a metabolite in the.Bnetabolic pathway, is considered an
early marker for tissue vitamin;Bdeficiency, even before hematologic manifestations
occur (Oh and Browr2003). Other indicators of vitaminBdeficiency were also used;
they include serum homocysteine (Hcy), anti-pakietll antibody (APCA), anti
intrinsic factor antibody andHelicobacter pylori IgA, as these determine the hidden

cause of vitamin B deficiency.

1. Age and Gender

The present study focused on the young adults Ze#0 years) and it excluded
all those older than 40 years. The reason wasnio tihe effect of age on increasing the
prevalence of low serum vitamin;B levels. Elderly patients may increase the
prevalence of vitamin B, either because of low intake, or malabsorptioratrgphic
gastritis, or other chronic diseases such as diabeellitus. Age was reported to be an
independent risk factor for developing vitamin, Bleficiency, irrespective to gastric

atrophy (GUmurdualiet al., 2003). In a study done in Spain, serum vitamia Bas
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reported to be significantly higher in younger é88-39 years) than in older age groups
(40-49 years) (Planella al., 2003). However, Barghouét al. (2009) found that high
frequency of vitamin B was observed in the age group between 18-24 y8418%),
while B> hypovitaminosis (serum 1B level between 180-300 pg/ml) was mostly in
patients aged >64 years (44.4%). The present stonfirmed the results of Barghouti
et al. (2009). The mean serumBlevel in the younger age group (20-29 years) was
significantly lower than the older group (30-40 §®&aP=0.047) (Table 21). Moreover,
high frequency of low and low normal vitaminBvere seen in the age group between
20-24 years (P=0.038) (Appendix 9). This can bdamged by their eating habits that
are usually highly dependent on consumption of jfimads by the younger group.

However, by considering the age group and cutoiffitpaf vitamin By, level used,
we found that only 18.8% had vitaminB<180 pg/ml as compared to 47.1% of the
same age group (18-39 years, n=408) in Barghahti. (2009) study, and 35.2% had
vitamin By, level <222 pg/ml compared to 48.1% in Fora and &voimad (age 19-50
years, n=216) (Table 36).

High frequencies of vitamin B deficiency among young adults were reported in
several countries. In India, Yajniét al. (2006) found that 67% of the participating
healthy men (aged 30-50 years) had low vitamja IBvels (<150 pmole/L). In Iran,
Shamset al. (2003) studied vitamin B8 deficiency in 984 healthy subjects aged 20-80
years. From them, 408 subjects were between 20ed@sy Shams and his colleagues
found that among this young age group, 28.3% (1f5608) had serum B level less
than 200 pg/ml, and this percentage increasedachr83.9% having serum;B<250
pg/ml (220 of 408). This comes in consistence wath results presented previously

(Table 36).
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Table 36: Vitamin B, deficiency in Jordan

Cutoff point of vitamin B 1,

Age (years) Prevalence (%)
deficiency

Fora and Mohammad (2005) 222 pg/ml 48.1%
Abu-Samalet al. (2008) 200 pg/ml 120 18-24 16%
Habib Allah (2008) 210 pg/ml 460 20-24 18.0%
837 18-79 44.7%
Barghoutiet al. (2009) 180 pg/mi
403 18-39 47.1%*
180 pg/ml <180 pg/ml 18.8%
200 pg/ml <200 pg/ml 27.3%
The present study 165 20-40
222 pg/ml <222 pg/ml 36.4%
<300 pg/ml 69.1%%

* In Barghoutiet al. (2009) study, the total number of patients reetlin the study were 837 (aged 18-79 years);ahtbnly 403 persons who matched with
the age range of our study group (18-39 years).
T Prevalence of low vitamin B status €300 pg/ml) was 69.1%; 47.4% of them had confirmiéahvin B;, deficiency (according to high MMA levér0.376

pmole/L); this makes the prevalence of true vitamin @ficiency 32.7%.
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Gender was shown to have no effect on the occeerehlow vitamin B, level.
There was no significant difference in the meanisevitamin B, level between males
and females (P=0.666). Similar results were founBdra and Mohammad study (2005),
Planellset al., 2003; Carmelet al., 1999). These authors reported no significant
differences in the mean serunpBetween both sexes. However, Bargheutl. (2009)
and Hakoozt al. (2006) found that males had significantly lowgamin B, level than
females (P<0.05). In contrast, Habib Allah (2008yrfd that males had marginally

higher serum B concentration than females (P=0.72).

2. Educational Level and Household Size

It was postulated that with higher educational levenore awareness aboui,B
sources and complications is expected, and thisrki&b status can be expected. In the
present study group, the minimum educational levas school level. The majority of
them (94 of 165; 57.0%) hold Bachelor’'s degree. El®v, no association was found
between educational level of participants and viteB1, status.

The average household size in Jordan accordingpaibment of Statistics (DOS,
2008) is 5.2 persons. It was expected that uporea@sing household size, the total
intake of food will decrease. Moreover, bigger hehusdd size is usually associated with
lower economic status; this also will contributelaaver dietary intake of food. In our
study, household size had no association with vitaBy, status of the volunteers
(P>0.05), and the mean values of serum vitaminl@el of the three groups of family

size categories were not significantly different.
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3. Body Mass Index (BMI)

Body mass index (BMI) is an anthropometric indexnafight and height that is
defined as body weight in kilograms divided by Iign meters square@@BMI =
weight (kg) / height (m)?) BMI is the commonly accepted and used index for
classifying adiposity in adults (CDC, 2008). Obesitas reported to be associated with
increasing risk of vitamin B deficiency (Pinhas-Hamiet al., 2006). Abu Samaét al.
(2008) found that 50% of those having vitamigp Beficiency (<200 pg/ml) (16% of
their study group), were overweight. However, irs tstudy no association was found
between BMI and vitamin B status (r = 0.067; P=0.424). Moreover, there was n

difference in the mean serum.Bevels among the different BMI categories (P=0)696

4. Hematological Parameters

Similar to the results reported by Fora and Mohath(2805) and Barghoud al.
(2009), the values of several hematological pararme{MCV, Hemoglobin and
peripheral blood smear) were normal in most pagieand there were no obvious
clinical manifestations of vitaminiB deficiency in this study. This could be explained
by mild and early form of B deficiency (Herbert, 1987).

High mean cell volume (MCV) (above 100 fl) was rgpd to be an indicator of
vitamin B> deficiency (Galloway and Hamilton, 2007). In theegent study, although
MCV was within normal range, it showed an inverser@lation with vitamin B, level
(r=-0.170; P=0.03). Moreover, there was a margimgher MCV values among those
with vitamin B> <200 pg/ml (Table 23). In spite of this findingewannot conclude
that MCV alone can give an idea of having risk tdmin B;, deficiency. Other blood
indices showed no association with total serumi8vel. When correlated with MMA

values, MCV and MCH showed a significant inverseraation with MMA, although
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no significant differences were found in the meatugs of these indices between the
two MMA groups (<0.376 pmole/L v&0.376 pmole/L) (Table 30).

Serum vitamin B; level is widely used as the standard method fagmibsing
vitamin B, deficiency despite its limited specificity and taversy about its
sensitivity (Hvas and Nexo, 2006). Previous studi@se in Jordan relay only on serum
vitamin By, level to determine the prevalence of vitamip Beficiency (Table 7). To
check for the true prevalence, MMA test was used esnfirmatory test for vitamin,B
deficiency using the cutoff point defined by CDQC, 2009) (which is 0.376 pmole).
Any value above this level is considered a positegult and it will confirm deficiency.

Homocysteine is another metabolite Qb Bhetabolism. It was reported that values
of serum vitamin B, concentration were significantly and negativelyretated with
plasma Hcy concentrations (Ardaet al., 2002; Fakhrazadde&t al., 2006). In this
study, similar result was obtained and it was fothat tHcy concentration is inversely
correlated with vitamin B status (r= -0.423; P=0.001). Our results showe tiose
with B12 <200 pg/ml had significantly higher tHcy value thtiwose having B between
201-300 pg/ml. However, a strict conclusion abdiityt could not be given since the
test was only done for those with confirmeg, Beficiency (who had MMA>0.376
pmole/L). Nevertheless, as it can be observed, 2819% of those with high MMA had
elevated tHcy. This makes tHcy less sensitive godBficiency as compared with MMA.

It was previously reported that approximately 50Bpatients with serum vitamin
B, levels >200 pg/ml have elevated tHcy or MMA. Thiglain that using low serum
vitamin By, level as the sole means of diagnosis may misooumé half of patients
with actual tissue B deficiency (Oh and Brown, 2003). In our study, feend that
44.9% of those with low-normal vitamin;Blevels have elevated MMA confirming

their subclinical vitamin B deficiency (Table 34). Widespread metabolic tesfound
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elevated MMA and/or tHcy in a considerable numbleamgparently healthy volunteers
who had low-normal cobalamin level (up to 300 or035g/ml). This represents
subclinical deficiency. Moreover, in the Framinghatady, it was found that 32% of
those with cobalamin levels up to 350 pg/ml hadoatmal tHcy and/or MMA levels
(Carmelet al., 2003).

In the present study, 51.1% of those with low seBynlevel 200 pg/ml) had
elevated MMA $£0.376 pmole/L) (Table 34). It was reported thaleast 25% of low
serum B; levels are not associated with elevated metableMels and may not indicate
B, deficiency. Some of these are caused by partifitidecy of transcobalamin
(Wickramasinghe, 2006).

The recommendation was made to raise the cobalaatpoint to 300 or 350
pg/ml in order to capture these unrecognized cafspgesumptive deficiency. However,
this recommendation was opposed because: the gamew cases will be almost
entirely in subclinical cobalamin deficiency whiphedominates among persons with
low-normal cobalamin level (between 200 to 300 8@ pg/ml); and thus relatively few
additional cases of clinical deficiency will be fali Also, 58-78% of persons with
cobalamin level <200 pg/ml have metabolic evidefacedeficiency, whereas only 32-
35% of those low-normal cobalamin levels have smetabolic evidence (65-68% of
persons with low-normal levels have normal cobafastatus by metabolic criteria)

(Carmelet al., 2003).

5. Medical History

Participants in this study were chosen to be appigr@ealthy, with no previous
diagnosis of vitamin B deficiency nor treated with vitamimBsupplementation for at

least one year. Participants were also free ofdisgase that affect;Blevel such as:
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liver diseases, kidney problems, folate deficiengegnancy and untreated
hypothyroidism. Any subject had any of the abovaditions were excluded from the
study. This helped avoiding any falsely negativéatsely positive B, levels.

Subjects were checked for their family history atamin B, deficiency.
Nevertheless, no association was found betweemdgpdamily history of B, deficiency
and risk of B, deficiency.

Gl surgeries may have a role in increasing riskvithmin B, deficiency
(Fernandez-Bigareset al., 2009). In this study, only four subjects repdrt@ving done
a Gl surgery. Gl surgeries in this study were foontito be associated with vitamin B
deficiency. This can be related to the kind of suygperformed. In our study, two
subjects had appendicitis surgery, one spleen rahgwgery and one hernia rupture
fixing surgery. These surgeries were not reportedntrease risk of vitamin B
deficiency. In contrast, there was a trend of iasieg incidence of true deficiency with

having previous Gl surgery (Table 32).

6. Symptoms of Vitamin B, Deficiency

Signs and symptoms of vitamin;Bdeficiency show no significant difference
between the different 1B groups except for visual impairment which was tmdy
symptom correlated with vitamin,Bdeficiency (P=0.012). However, these symptoms
were reported by the patients and were not diaghbgea specialized physician during
the study, thus it is subject to patient recordemgor. Moreover, most of these
symptoms are very general and can result from eetyaof medical conditions other

than vitamin B, deficiency (NIH, 2010).
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7. Vitamin B, Intake

The only source of vitaminBis food from animal origin like meats, organ meats
dairy products, fish and poultry. The average daitpke of vitamin B; in the study
group was 5.857 pg/day, which is much higher tihendaily requirement (2.4 pg/day)
(244.17% of the RDA) (Table 14). This high amountvidamin B;, in diet can be
related to the consumption of liver and spleencilgiccount for 38.49% of total intake.
High amounts of vitamin B in organ meats result in the highest percentage
contribution among the meat products. Red meatamng products comes next to liver
and spleen in percentage of daily intake. Althoabgitken is the most frequently used
animal product by participants in their meals, hutccounts for only 3.58% (0.210
pg/day) of the daily vitamin B intake. This can be explained by the low contént o
vitamin By, in chicken compared to other meats and organ mbhiseover, fortified
bread, though consumed daily by participants, attsofor only 12.18% (0.713 pg/day)
of total intake. Table 37 lists the content of mita B, in different food items
commonly consumed in Jordan.

Regarding bread fortification with vitamin;8 it was found that bread accounts
for only 12.18% of total vitamin B intake (Table 14). Even when we exclude it from
diet, total intake will be reduced to 5.144 pg/degtich is still much higher than the
recommended daily allowances (RDA). Moreover, naalation was found between
fortified bread and vitamin B status (r= -0.045; P=0.561) (Appendix 6).

Mean vitamin B, intake was calculated for Jordanians based orrapert by
DOS (2008) (Table 38). It was found that on averagdordanian adult consumes a
total daily amount of vitamin B of 4.62 pg/day (which equals to 192.5% of the RDA)
Fortified bread was the major item to provide vitam;, and contributes to 33.12% of

total daily intake and 63.75% of RDA. Fortificatiohbread with vitamin B in Jordan
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Table 37: Vitamin B;, content in food items commonly consumed in Jordan

Food items Vitamin B 1, pg/ 100g

Lamb liver 90.05
Chicken liver 22.98
Sardines in oil, canned 8.94
Lamb spleen 5.34
Salmon 3.18
Red meat 2.56
Catfish fillet 2.33
Tuna in oil, canned 2.2
Feta, Nabulsi cheese 1.75
Shrimps 1.16
Processed cheese 1.12
Eggs, raw fresh whole, medium 1
Monkfish (Armouti) 0.9
Yogurt cheese (Labaneh) 0.61
Grouper (Hammour) fish 0.6
Fortified bread (Jordan)* 0.51
Spread cheese 0.4
Yogurt, plain 0.37
Whole milk 0.36
Chicken thigh with bones 0.35
Chicken breast with bones 0.34

Source: ESHA, 2001

* Bread is enriched with 9 minerals and vitamingluding B; the vitamin B, in bread is

calculated to be 5.1 pg/kg bread (MOH, 2008).
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Table 38: Mean intake of vitamin By, in Jordan as calculated from DOS (2008).

Food Item Mean B, % of contribution % contribution of
intake £ SEM of daily intake RDA
Red meat 0.98 21.21% 40.83%
Chicken 04 8.66% 16.67%
Fish 0.22 4.76% 9.17%
Organ meats (Liver and 0.62 13.42% 25.83%
spleen)
Dairy products 0.67 14.50% 27.92%
Fortified bread 1.53 33.12% 63.75%
Eggs 0.2 4.33% 8.33%
Total By, intake 4.62 100% 192.5%

(Reference: DOS, 2008).
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aimed to cover 50% of the RDA. However, contribntaf bread to vitamin B intake
was half this amount (29.58% of RDA) in our study.

In contrast to what was reported before by Fora Elmhammad (2005) and
Barghouti et al. (2009) that low vitamin B intake is associated with vitamin; B
deficiency, we found no significant associationwesn total vitamin B intake and
vitamin B, deficiency. No differences were also found betw#®rse subjects with
MMA >0.376 pmole/L and those with <0.376 pmole/L regagdvitamin B, intake
(Appendix 10). In the previous studies, the averdgdy amount of vitamin B
consumed was not calculated, thus it would beddiffito conclude that Jordanians have
low consumption of meat products in their daily tisebow dietary intake appears to be
uncommon as a cause of vitamin, Bleficiency in Jordan. Furthermore, it was also
reported that low intake of vitamin;Bwas not common in Europe and was reported to
only be seen in one small Greek study. Vitamifa BBtake was not associated with
vitamin B, inadequate status in Netherlands and Germanyefipisins the inadequate
vitamin By, status despite sufficient intake levels in thesentries (Dhonukshe-Rutten,

2009).

8. Vitamin B, Deficiency in Jordan

Vitamin By, deficiency in most references is defined as sevitamin B, less
than 200 pg/ml (Oh and Brown, 2003). Our study destrates that 27.3% of the
subjects had vitaminiBlevels of less than 200 pg/ml (vitamin.RBleficient). Similar or
higher frequencies of vitamin;Bdeficiency were previously reported in Jordan.aFor
and Mohammad (2005) showed that 48.1% of theiristugopulation (n=216) have
low vitamin By status (<222 pg/ml), while Barghouwtial. (2009) reported a 44.7% of

subjects (total n=837) had vitamin Bleficiency (<180 pg/ml). In another study done

www.manaraa.com

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



93

by Hakoozet al. (2006) who used cutoff point of 200 pg/ml, peregat of vitamin B,
deficient subjects in their study group was 50.82Arabs and 46.9% in Circassians
living in Amman. Results of high frequency of vitemB;, deficiency were reported
worldwide. The prevalence of vitaminBdeficiency was reported to be 26.7% in Iran
(Fakhrazadekt al., 2006), 39% in North China (Habal., 2007), and 46.8% in Turkey
(Gumurdulu et al., 2003). These frequencies are higher than the tegboglobal
prevalence (range between 3-40% (Carmel, 2000;|68tand Allen, 2004). This
variation may be related to ethnic and geographieaiations, different lifestyle and
dietary habits, different age or to different céifpbints and laboratory procedures used
for measuring serum vitamim Blevels.

It is clear from Table 7 that using different ctitpbints for diagnosing vitamin
B1, deficiency gave different percentages of deficjerin this study, it was found that
by increasing the cutoff level, the percentage b&glser. However, by comparing these
results with those of the previous studies, pesgtwas found to be lower: 18.8%
compared to 44.7% in Barghowt al. (2009) and 36.4% compared to 48.1% in Fora
and Mohammad (2005). These differences can be phynexplained by using different
age groups. In the study of Barghcettal. (2009), they used a wide range of age (18-78
years), having elderly present in their study. Bidare at higher risk of having vitamin
B1, deficiency as they may have more chronic diseasésmalabsorption syndrome.
Moreover, in Barghoutt al. (2009) study, some patients were diabetic andrsthave
peptic ulcers. Although these conditions may caitsenin B, deficiency which in turn
can give higher prevalence, Barghoeti al. (2009) found no significant relation

between them and occurrence of vitamin @eficiency.
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9. Causes of Vitamin B, Deficiency

Although diet was not found to be associated with Vitamin B, status in our
study, this high percentage of vitamin,Bleficiency may be related to changes in
dietary habits by people from being dependent omdmade to manufactured food
(Fora and Mohammad, 2005), or due to low bioavditglof vitamin B;, in food due to
certain cooking procedures (Madeinal, 2009) or due to impaired malabsorption (Bor
et al., 2006).

Helicobacter pylori infection was reported to be more than 60% in estisjwith
normal gastric mucosa (Hussain Ladifal., 1991). It was reported to be a probable
causative agent in developing vitamin,Bleficiency. In one study, it was found that
56% of the patients with vitamin;Bdeficiency hadH. pylori infection (Kaptaret al.,
2000). In the present study, only 22.2% had pasHvpylori test. Antibodies to check
for pernicious anemia were examined. It was fourat 1.8.52% had anti-parietal cell
antibodies and 9.3% had anti-intrinsic factor asdiles. The remaining subjects had no
identified cause for deficiency.

Malabsorption of vitamin B may be a main contributing factor to vitamin,B
deficiency; any person with clinical cobalamin defhcy has a >90% likelihood of
having Gl diseases with malabsorption of free catmah. Approximately 30-40% of
those patients will have food-cobalamin malabsorpti Transcobalamin | (TCI)
deficiency may account for 15% of unexplained labaamin levels, especially those
with no metabolic evidence of cobalamin deficiemtyall. The causes of the remaining
patients with low cobalamin levels (about 50% dfcalses), whether accompanied by

metabolic abnormalities or not, have not been ifledt(Carmelet al., 2003).
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Conclusions and Recommendations

Conclusions:

From the results of the present investigation féflewing were concluded:

It was found that there is high prevalence of witamin B, deficiency in our
study among the young adults (age between 20-4€s)yeand its higher in
younger age (20-29 years) than in older age (39e40s).

Body mass index (BMI), educational level and hoadglsize were not found to
be related to vitamin B deficiency.

Family history of vitamin B, deficiency and history of Gl surgeries also were
not correlated to vitamin 8 deficiency.

MCV and Homocysteine levels were found to be tohlgher among vitamin
B, deficient subjects compared to those with low redreerum B; levels.

Low dietary vitamin B, intake is not related to vitamimBdeficiency in Jordan
and is not the main cause of deficiency as it wasipusly reported.

Pernicious anemia and. pylori infections account for only part of deficiency
causes, and the major cause, which could be the glugorption, is not yet
determined.

Clinical symptoms that is usually reported by peopiay not be related to

vitamin B> deficiency but to other conditions.
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Recommendations

Based on the obtained findings, the following reocmndations were suggested:

e Awareness about vitaminiBdeficiency and other nutritional aspects should be
increased at school level.

e Early diagnosis of vitamin B deficiency is recommended to prevent its clinical
complications.

e For patients diagnosed for vitaminBleficiency, it is recommended that they
check for the possible medical cause for deficiemcyrder to get the best
treatment for them.

¢ MMA and homocysteine tests should be introducethenmedical laboratories
in Jordan.

e The holotranscobalamin 1l (holoTC Il) test shouldoabe introduced in the
medical laboratories (since it is not availabldandan).

¢ MMA and homocysteine levels for those with serum IBvel between 200-400
pg/ml should be checked in order to check for hiddeficiency.

e The Ministry of Health is to be addressed for redgdhe prices of MMA and
homocysteine tests and to cover them under medisarance as one of the
routine blood tests.

e There is a need for a national study to deterntieetiue prevalence of vitamin
Bi, deficiency by using MMA test along with total seruB;, test, and to
determine the cutoff point of vitamimBdeficiency in Jordan.

e There is a need for a national study to deterntieeniajor causes of vitamin B

deficiency and to set policies to prevent the probl
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Appendix 2

Reliability Test

Reliability in the general use means “dependabie‘trastworthy”. In research, the
term reliability means “repeatability” or “consist®y/”. A measure is considered reliable
if it would give us the same result over and ovgaia. There are four general classes of
reliability estimates:

« Inter-Rater or Inter-Observer Reliability

Used to assess the degree to which different rfatessrvers give consistent
estimates of the same phenomenon.
o Test-Retest Reliability
Used to assess the consistency of a measure frerinoa to another.

o Parallel-Forms Reliability
Used to assess the consistency of the resultsoofests constructed in the same
way from the same content domain.

« Internal Consistency Reliability

Used to assess the consistency of results acerss within a test (Trochim,

2006).

Cronbach’s alpha

Cronbach’s alpha is a test reliability technigbattrequires only a single test
administration to provide a unique estimate of thi@bility for a given test. It is the
average value of the reliability coefficients oneubd obtain for all possible estimations

of the items when split into two half-tests (Gliamd Gliem, 2003).
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Cronbach’s alpha reliability coefficient normalignges between 0 and 1, and
may be used to describe the reliability if factexéracted from dichiotomous (questions
with two possible answers) and/or multi-point fotted questionnaire or scales (i.e.,
rating scale: 1 = poor, 5 = excellent) (Santos,9)9%he closer the Cronbach’s alpha is

to 1.0, the greater the internal consistency (pditg) of the items in the scale as shown

in the following table:

Cronbach’s alpha REEL1Y
>0.9 Excellent
>0.8 Good
>0.7 Acceptable
> 0.6 Questionable
>0.5 Poor
<0.5 Unacceptable

(Reference: Gliem and Gliem, 2003).

Thus alpha equals to 0.7 is considered acceptadiabitity coefficient but lower

thresholds are sometimes used in the literatunet¢Sa1999).
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RELI ABI LI'TY ANALYSI S - SCALE (AL PHA
N of
Statistics for Mean Vari ance Std Dev Variables
SCALE 7.8800 13.1933 3.6323 41

Iltemtotal Statistics

Scal e Scal e Corrected

Mean Vari ance ltem Al pha

if Item if Item Tot al if Item

Del et ed Del et ed Correlation Del et ed
Q 7.6800 12. 7267 . 1030 . 6982
1 7.8800 13.1933 . 0000 . 6968
Q2 7.8800 13.1933 . 0000 . 6968
@3 7.6800 11. 6433 . 4965 . 6677
Q4 7.8800 13.1933 . 0000 . 6968
Q5 7.8400 13. 2233 -.0481 . 7007
Q6 7.8800 13.1933 . 0000 . 6968
Q7 7.8400 13. 3900 -.1617 . 7047
Q8 7.8800 13.1933 . 0000 . 6968
Q9 7.8800 13.1933 . 0000 . 6968
@10 7.8800 13.1933 . 0000 . 6968
Q11 7.8800 13.1933 . 0000 . 6968
k1 7.5600 11. 3400 . 5073 . 6636
B2 7.8400 13. 0567 . 0669 . 6965
@33 7.5200 10. 6767 L7111 . 6423
@35 7.8800 13.1933 . 0000 . 6968
36 7.8000 12. 7500 . 1854 . 6915
Qa7 7.7600 12. 1067 . 4232 . 6766
B8 7.6000 11.8333 . 3648 . 6772
9 7.7600 12. 1900 . 3857 . 6790
@310 7.7200 12. 4600 . 2246 . 6890
®RB11 7.7200 13. 0433 . 0037 . 7040
(07} 7.8000 13. 4167 -. 1479 . 7081
MLP 7.7200 12. 2100 . 2301 . 6891
M P 7.8400 13. 1400 . 0092 . 6986
M3P 7.8800 13.1933 . 0000 . 6968
MAP 7.8800 13.1933 . 0000 . 6968
MeP 7.6800 11. 4767 . 4329 . 6700
M6 P 7.6000 10. 8333 . 5797 . 6529
M7 P 7.8400 12. 8067 . 2422 . 6901
D1 7.8000 13. 0833 . 0166 . 7000
D2 7.7200 13. 4600 -.1481 . 7140
D3 7.7600 12. 1067 . 4232 . 6766
D4 7.8400 13. 1400 . 0092 . 6986
MEATG 7.0800 13. 9100 -.2901 . 7260
Fl SHG 7.0000 13. 0000 . 0348 . 7006
POLTRYG 7.0000 13. 0833 . 0000 . 7027
| NTERNLG 7.4000 12. 0833 . 2398 . 6887
M LKG 7.4400 11. 6733 . 3649 . 6765
EGGG 7. 0400 12. 3733 . 2583 . 6866
BREADG 7. 6400 11. 4067 . 5423 . 6624
Reliability Coefficients
N of Cases = 25.0 N of Itens = 41
Al pha = . 6964
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Appendix 3
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Appendix 4

Distribution of the study group according to both £rum vitamin B1, and educational level.

Serum By, level

Educational level <200 pg/ml 201-300 pg/ml >300 pg/ml

n (%) n (%) n (%)

School 6 (13.3%) 12 (17.4%) 15 (29.4%) 33 (20.0%)
Junior college (diploma 4 (8.4%) 10 (14.5%) 4 ¥%6)8 18 (10.9)
BSc 30 (66.7%) 37 (53.6%) 27 (59.2%) 94 (57.0)
Graduate (higher) studigs 5(11.1%) 10 (14.5%) .80 20 (12.1%)
Total 45 (100%) 69 (100%) 51 (100%) 165 (100%)
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A bar diagram representing the distribution of the study group according to both serum vitamin B, and educational level.
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Appendix 5
Normal values of blood indices.
Variable Low Normal range High
_ Male <140 140-180 >180
Hemoglobin (g/dl)
Female <120 120-160 >160
Male <0.42 0.42-0.52 >0.52
PCV (L/L)
Female <0.37 0.37-0.47 >0.47|
Erythrocytes Males <4.7 4.7-6.1 >6.1
(x10"9/L) Females <4.2 4.2-5.4 >5.4
Males <76 76-94 >94
MCV (fl)
Females <76 76-99 >99
MCH (pg) Both <27 27-31 >31
MCHC (g/L) Both <320 320-360 >360
RDW (%) Both <145 14.5-19.5 >19.5
Leucocytes (WBC) Both <4.5 4.5-10 >10
Neutrophils (x16/L) Both <25 2.5-7.5 >7.5
Lymphocytes
ympnoey Both <15 1.5-3.5 >3.5
(x10°/L)
Monocytes (x18L) Both <0.04 0.04-0.8 >0.8
Eosinophils (x18/L) Both <0.04 0.04-0.44 >0.44
Basophils (x18/L) Both <0.015 0.015-0.1 >0.1
Platelets (x10L) Both <140 140-400 >400
MPV (fl) Both <6.3 6.3-10.3 >10.3
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Appendix 6

Correlation between selected independent variablesnd serum vitamin By level.

Serum vitamin By, level

Independent variable (pg/ml)

Pearson correlation (r)

Age (years) 0.178 0.022*
BMI (kg/m°) 0.063 0.424
Household size (persons) -0.001 0.994
Hemoglobin (g/dl) -0.048 0.545
MCV (fl) -0.170 0.030*
MMA (pmole/L) 0.068 0.475
Homocysteine (umole/L) -0.423 0.001**
Total By, intake (pg/day) 0.075 0.342
B1, intake from red meat
0.052 0.505
(ng/day)

B intake from chicken (pg/day) 0.082 0.296
B12 intake from fish (ug/day) 0.034 0.661
B1, intake from organ meats

0.063 0.423
(Hg/day)
B1, intake from dairy products
0.050 0.525
(Hg/day)
B intake from fortified bread
-0.045 0.561
(Hg/day)
B12 intake from eggs (pg/day) 0.100 0.202

* Correlation is significant at R0.05.

** Correlation is significant at R0.01.
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Correlation between selected independent variablesmnd serum vitamin By level
(cont’d).

Serum vitamin Bi» level

Independent variable (pg/ml)

Pearson correlation (r)

Erythrocytes (x167L) 0.049 0.535
PCV (L/L) -0.050 0.523
MCH (pg) -0.131 0.095

MCHC (g/L) -0.004 0.957
RDW (%) 0.118 0.131
Platelets (x10L) -0.158 0.044*
MPV (fl) 0.163 0.038*
WBC (x10/L) 0.082 0.294
Neutrophils (x16/L) 0.113 0.149
Lymphocytes (x10L) 0.010 0.900
Monocytes (x18L) 0.072 0.360
Eosinophils (x18/L) 0.057 0.467
Basophils (x18/L) -0.027 0.734

* Correlation is significant at R0.05.

www.manharaa.com

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



120

Appendix 7

Distribution of the study group according to both £rum vitamin B1, and body mass index classification.

Serum By, level

<200 pg/mi 201-300 pg/mli >300 pg/ml
n (%) n (%) n (%)
Underweight 2 (4.4%) 3 (4.3%) 3 (3.9%) 7 (4.2%)
Normal weight 29 (64.4%) 40 (58.0%) 30 (58.8%) 60.0%)
Overweight 14 (31.1%) 20 (29.0%) 14 (27.5%) 48190
Obese 0 (0%) 6 (8.7%) 5 (9.8%) 11 (6.7%)
Total 45 (100%) 69 (100%) 51 (100%) 165 (100%)

*BMI= Body mass index.
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A bar diagram representing the distribution of the study groups according to both serum vitamin B, and body mass index classification.
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Appendix 8

Correlation between selected independent variableend plasma MMA level.

Independent variable

Plasma MMA level (umole/L)

Pearson correlation (r)

Age (years) 0.056 0.553
BMI (kg/m°) 0.005 0.955
Family size (persons) -0.031 0.747
Serum B;level (pg/ml) 0.068 0.475
Homocysteine (umole/L) -0.088 0.527
Hemoglobin (g/dl) -0.135 0.155
Erythrocytes (x187/L) -0.023 0.811
PCV (L/L) -0.120 0.205
MCV (fl) -0.200 0.034*
MCH (pg) -0.201 0.032*
MCHC (g/L) -0.138 0.144
RDW (%) 0.002 0.979
Platelets (x10L) 0.043 0.648
MPV (fl) 0.049 0.611
WBC (x10/L) 0.020 0.833
Neutrophils (x18/L) 0.029 0.758
Lymphocytes (x10L) 0.048 0.612
Monocytes (x18/L) -0.091 0.335
Eosinophils (x18/L) 0.142 0.133
Basophils (x18/L) -0.081 0.393
Total By;intake (pg/day) -0.070 0.460

* Correlation is significant at £0.05.
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Appendix 9

Distribution of the study group according to both £rum vitamin B, and age.

Serum By, level

Total No. (165)

Age (years) <200 pg/ml 201-300 pg/mi >300 pg/ml
n
n (%) n (%) n (%)
20-24 60 22 (48.9%) 22 (31.9%) 16 (31.4%)
25-29 36 9 (%20.0) 19 (27.5%) 8 (15.763%)
0.038*
30-34 36 11 (24.4%) 11 (15.9%) 14 (27.5%)
35-40 33 3 (6.7%) 17 (24.6%) 13 (25.5%)
* Significant at P<0.05.
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Appendix 10

B, intake for the MMA groups (<0.376 pmole/L and>0.376 pmole/L).

Food item MMA group
SEM

<0.376 umole/L| 60 1.22 +0.115

Red meat 0.150
>0.376 umole/L| 54 0.97 +£0.129
<0.376 pmole/L| 60 0.22 £0.017

Chicken 0.279
>0.376 umole/L| 54 0.19+0.017
<0.376 pmole/L| 60 0.25 £ 0.042

Fish 0.035*
>0.376 umole/L| 54 0.44 £ 0.082
<0.376 pmole/L| 60 2.62 £0.562

Liver & spleen 0.240
>0.376 umole/L| 54 1.75 £ 0.459
<0.376 umole/L| 60 1.01 £ 0.105

Dairy products 0.561
>0.376 umole/L| 54 1.09 £+ 0.101
<0.376 umole/L| 60 0.72 £ 0.066

Fortified bread 0.970
>0.376 umole/L| 54 0.71 £ 0.092
<0.376 umole/L| 60 0.17 £ 0.022

Eggs 0.457
>0.376 umole/L| 54 0.19 £ 0.032
<0.376 umole/L| 60 6.21 + 0.658

Total By, intake 0.335
>0.376 umole/L| 54 5.35+ 0.575

* Significant at P<0.05.
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