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INTRODUCTION
The diagnosis and treatment of the megaloblastic 
anemia regarding vitamin B12 or folic acid defi-
ciency are important. The vitamin B12 and folic 
acid deficiency are a group of diseases whose 
their diagnosis are easy and the cost of their treat-
ments are fairly lower. The delays in the treat-
ment could lead to series complications such as 
anemia, irreversible neurological impairment, 
neurological tube defects and thromboembolism 
(1-3). The deficiency of vitamin B12 is more prev-
alent than the previously known in the popula-
tion (4, 5). The prevalence in elderly people is ap-
proximately between the 10 and 20 %.

However about 5–10 % of the patients with vita-
min B12 deficiency is asymptomatic. The classical 
clinical findings and signs are the neuro-psychi-
atric symptoms, glossitis, macrocytic anemia and 
other cytopenias. For the diagnosis, the levels of 

serum vitamin B12 should be measured and in 
addition, homocysteine and methyl malonic acid 
levels should also be detected for correct inter-
pretation of vitamin B12 levels (6). 

The serum level of vitamin B12, which is one of 
the current methods of diagnosis, is known not to 
represent the real tissue level (7).  In the serum of 
patients with vitamin B12 deficiency, the anti pa-
rietal cell antibodies (APA) in 90% of cases, anti 
intrinsic factor antibodies in 60% of cases and anti 
thyroid antibodies in 40%  of cases  are present in 
the serum of patients (8). The measurement of the 
methyl malonic acid and homocysteine levels 
that have been elevated in the early period of vi-
tamine B12 deficiency is a more sensitive method 
for screening the vitamin B12 deficiency. Since 
the elevation of at least one metabolite is 94% sen-
sitive and 99% specific. 

ABSTRACT: Vitamin B12 deficiency is a health problem, which is usually seen in elderly pa-
tients and results in hematological and neurological disorders. In this study, we aimed to 
investigate the serum levels of vitamin B12 could represent the real tissue levels with con-
sidering some hematological and biochemical parameters. 128 patients whose vitamin B12 
levels have been detected to be low and their ages are ranged from 16 to 90, have been in-
vestigated. Fifty three of them were females. Complete blood counts, antiparietal antibody 
(APA), homocysteine levels, peripheral blood smear evaluations and findings of gastroduo-
denoscopy were assessed. Mean volume of erythrocytes has been found as 107 fl in patient 
group (group 1), in which vitamin B12 level has been detected lower than 60 pg/mL. The 
higher homocysteine values in 85% cases, neutrophil hyper-segmentation in 82%, atrophic 
gastritis in 53 % and APA positivity in 47 % of cases have been detected. The average of age 
has been detected as 65 in this group. High level of homocysteine has been present in 44 % 
of cases and MCV has been 91 fl in group 2, in which the vitamin B12 levels are between 
61–100 pg/ mL. In group ( group 3), in which vitamin levels are between 101 – 140 pg /mL, 
elevated homocysteine levels in 27 % cases and MCV as 89 fl have been detected. In group 
4, in which vitamin levels are between 141–178 pg/mL, homocysteine elevation in 16 % of 
cases and MCV as
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Schilling test which has been utilized for the detection of per-
nicious anemia has usually been replaced with the serological 
detection of antibodies to intrinsic factor and parietal cells (9). 

Many unnecessary treatments and interventions might be per-
formed in patients without clinical signs of findings when 
their serum levels of vitamin B12 have been found to be lower 
in the clinics.  In the present study, we aimed to find the more 
significant vitamin B12 levels with hematological and bio-
chemical tests in terms of detecting the deficiencies in the cases 
whose serum vitamin B12 levels are measured lower than ref-
erence values. 

MATERIALS AND METHODS
Selection of the cases and design of the study 
Of the patients that have been applied to our center for anemia 
between April 2005 and November 2007  or are referred to he-
matology consultation for having  lower vitamin B12 levels, a 
total of one hundred fifty eight cases whose ages are between  
16 and 90 and fifty three of those are female; have been re-
trieved retrospectively for the information regarding headings 
of diagnosis/referring diagnosis, cause of application, physi-
cal examination findings, assessment/plan laboratory data, 
anti parietal antibodies result, radiology/endoscopy/ pathol-
ogy, consultation, etiology, treatments and advises heading  
from computer software (Avicenna HBSY, Ankara, Turkey) 
for the nutritional anemias. The patients with the combined 
iron deficiency, folic acid deficiencies or thalessemia carriers 
have been excluded from the study. 

Patients have been categorized into four groups based on their 
vitamin B12 levels.  The 34 patients whose vitamin B12 levels 
are lower than < 60 pg/mL, their ages ranged from 32 to 90 
and 13 of them are females constituted the group 1 one; the 32 
patients, whose vitamin B12 levels are between 61 and 100  pg 
/mL, their ages ranged from 19  to 87  and 14 of them are fe-
males constituted the group 2, 29  patients one, whose vitamin 
B12 levels are between 101 and 140  pg/mL, their ages ranged 
from  21 to 88  and 12 of them are females constituted the 
group 3, 28  patients, whose vitamin B12 levels are higher than 
141 to 178  pg/ mL, their ages ranged from 16  to 62  and 14 of 
them are females constituted the group  4.   A total of 128 pa-
tients have been included into study. Demographic informa-
tion and clinical findings of the patients have been recorded. 

Laboratory tests
The complete blood count, thyroid function tests, folic acid 
and homocysteine levels and the peripheral blood smear eval-
uations have been assessed in the venous samples of the pe-
ripheral blood that have been drawn from the fasting patients. 
The preparations have been used to detect the auto-anti bodies 
against to parietal cells commercially (Euroimmun, AG, Ger-
many). They have been incubated with 1/10 patient serum for 
initial dilution. Then they have been incubated with IgG – 
FITC and the parietal antibodies have been detected with im-
mune fluorescent microscope (Euro star, Euroimmune, AG, 
Germany). The reference range has been detected as the 179 – 
883 pg/mL, with the chemiluminescent microparticle immune 
assay (Abbott Laboratories, Abbott Park, IL, USA) in the Arci-
tect device. The homocysteine levels have been measured in 
the AXYM device (Abbott park, IL, USA) with the fluorescence 
polarization immune assay method and reference range has 

been taken as 5.9 – 16  μmol/L in males,  3.36–20.44 μmol/ L in 
females. The blood counts have been analyzed with the Cell 
Dyn 37000 automatic blood count analyzer (Abbott park, IL, 
USA) . Thyroid function tests have been measured with 
Chemiluminescent Microparticle Immunoassay in the Arcitect 
device (Abbott Park, IL, USA). The patients with combined 
folic acid and Vitamin B12 deficiencies have been excluded 
from the study. 

The helicobacter pylori positivity, has been shown either with 
the fast urease test (Pronto Dry, Medical Instr, Solothurn, Swit-
zerland) or the histopathological assessment in the patients 
who underwent endoscopy. The quality control measure-
ments have been performed with Biorad External Quality As-
say System 3517 in the laboratory.   

The data that were gathered have been transferred to SPSS 
11.01 (15th November 2001) statistical software package and 
analyzed with one way ANOVA and Pearson Chi square. P 
values that are less than 0 .05 were considered as statistically 
significant. 

RESULTS
The correlations between the vitamin B12 levels and the age, 
hemoglobuline, homocysteine, APA, hyper segmentation 
finding in peripheral blood smear, MCV, thyroid function 
tests and patients with clinically diagnosed neurological prob-
lems have been depicted in table 1. The age, MCV, hemoglob-
ine, homocysteine, hypersegmentation in neutrophils, atroph-
ic gastritis, positivity of helicobacter pylori, APA positivity 
and neurological problems are obviously higher in the group 
1, in which the vitamin B12 level has been detected lower than 
the 60/pg/mL.  This group has been found as the eldest group 
with the mean age of 65.1±14.8. When The group 1 has been  
compared individually to other groups,  the age, hemoglobin 
value, MCV, level of homocysteine, APA positivity, hyperseg-
mentation, gastric atrophy and neurological problems have 
been  significantly different in statistical analysis (p<0.05). 
There have been no statistically significant differences of thy-
roid function tests and helicobacter pylori positivity status   
between group 1 and other study groups (p >0. 05). 

DISCUSSION 
The diagnosis of vitamin B12 deficiency has been typically 
based on the measurements of serum levels of vitamin B12. 
The measurements of the methyl malonic acid and homo-
cysteine levels that elevate in early periods of vitamin B12 de-
ficiency have been reported as the more accurate methods for 
screening the vitamin B12 deficiency. 

Schilling test which has been used for detecting the pernicious 
anemia,  has been  largely replaced with the  serological detec-
tions of antibodies against parietal cells and intrinsic factor 
(10). It has been reported that the measurements are more spe-
cific if the vitamin B12 levels that are lower than 100 pg/mL, in 
contrast to measurements are less specific in the vitamin B12 
levels that are between 100–400 pg/mL (10,11).   In the eleva-
tions in   the levels of methyl malonic acid and homocysteine 
levels have been detected in   98.4 percent and in 95.9 percent 
of patients respectively, in a study group of 406 patients with 
vitamin B12 deficiency.  It has been interpreted that the obvi-
ous deficiency of vitamin B12 could be ruled out clinically in 
patients with normal levels of homocysteine and methyl 
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malonic acid, since the normal values have been found in only 
one case. In the same study it has been detected that 28% of 
patients have normal hematocrite values and MCV has been 
found normal in 17% of the cases (12). Therefore it has been  
advised that the methyl malonic acid and the homocysteine 
levels should be utilized to diagnose the vitamin B12 deficien-
cy in patients with low or below normal vitamin B12 levels  or  
in the patients with neurological complaints .The elevation of 
at least one metabolite is 94 % sensitive and  99 % specific  (13). 

The observations that have been obtained in the current study 
have showed that the vitamin B12 deficiency is more specific 
clinically for the cases whose measurements of vitamin B12 
levels are lower than 60 pg/mL. The diagnosis of the real vita-
min B12 deficiency should be carefully evaluated in the cases 
with higher levels. In a study which has been conducted in 
1992, the patients with lower levels of vitamin B12 but also 
with normal metabolites have been reported not to respond 
clinically to the treatment with vitamin B12 (14).  In this study 
it has been shown that low levels of vitamin B12 rarely could 
be consistent with real vitamin B 12 deficiencies. The measure-
ment of metabolites could be useful in distinguishing the vita-
min B12 and folate deficiencies. Whereas the homocysteine 
levels are increased in folate deficiencies, methyl malonic acid 
levels are not increased. The hematological disorders of folate 
in vitamine B12 deficiencies are being corrected with a differ-
ent way which is independent from vitamin B12.  The damage 
which is dependent on either undiagnosed or untreated vita-
min B12 deficiencies, may progress in such cases (15). 

The positivity of antibodies that are against to parietal cells is 
present in more than 90% of patients. The specificity is not fa-
vorable since it may be positive in even healthy persons. In 
addition, the positivity of the antibodies that are against to in-
trinsic factor in 70% of patients and against to thyroid gland in 
about 40% of patients could be seen (16). 

The vitamine B12 deficiencies usually are related to three es-
sential causes that are sourced from malabsorption, eating dis-
orders and gastric or intestinal origin (17). The hypochlorhy-
dria which is resulted from atrophic gastritis is the most im-
portant cause of develeopment of vitamin B12 deficiency in 

elderly people (18). In a study which has been performed  it 
has been  found that  vitamin B12 deficiencies are related to  
malabsorption in 53%,  pernicious anemia in 33 %  and diet in  
2 % of elderly patients  with vitamin B12 deficiencies, and the 
cause of vitamin B12 deficiency could not be identified in 11% 
of cases  (19). The incidence of Helicobacter pylori is higher in 
elderly patients and it may result in atrophic gastritis. There-
fore, it results in decreased acid secretion and leads to vitamin 
B12 malabsorption  (4).  

The helicobacter pylori have been detected as 56 % of patients 
in a study which has been performed in the patients with vita-
min B12 deficiency, (20).  It has been detected that the serum 
levels of vitamin B12 have been elevated in 40 % of patients 
after the eradication of helicobacter pylori. In addition to the 
elevations of serum level of vitamin B12 (146–271 pg/ml), it 
has been  detected that the  levels of homocysteine have been 
decreased from average 41 μmol/L to average 13  μmol/L af-
ter the treatments against to helicobacter pylori (21). 

In our study , it has been  detected that of all the patients  
whose vitamin B12 levels are lower or equal than 60 pg/ml , 
the etiology is related to pernicious anemia in 47%, the rate of 
atrophic gastritis is 52% , the infection of helicobacter pylori  is  
positive in 4 1 % of cases. Anti thyroid antibodies have been 
found positive in 17% of the patients in group 1. In the studies 
that have been done, it has been recommended that the more 
sensitive parameters such as the levels of methyl malonic acid 
and homocysteine should be utilized rather than grounding 
solely on the serum level of vitamin B12 in the diagnosis of 
vitamin B12 deficiencies (11, 12, 13). The elderly patients 
whose vitamin B12 levels are lower than 200 pg/ml, can apply 
with neuropsychiatric disorders without hematological chang-
es (22, 23). In our study it has been observed that neurological 
problems are more common in cases whose vitamin B12 levels 
are lower than 60 pg/ml. 

Among the most important findings of vitamin B12 deficiency 
are the morphological changes that occur in blood and bone 
marrow. The megaloblastic anemia is resulted from disruption 
of DNA synthesis. The morphological changes are observed as 
the macrocytosis (MCV>110 fl) in erythrocytosis and hyper-

TABLE 1. The correlation of some hematological and biochemical parameters with the groups that have been  formed according to the vitamin B12 levels. 

 Group1 Group2 Group3 Group4  
 (n:34) (n:32) (n:29) (n=28) p 

age, year savg±SD 65.1±14.8 61.5±18.1 48.4±15.2 40±13.1 <0.001

Hb, gr/dl, avg±SD 8.9±2.9 13.0±1.6 13.3±1.4 12.9±2.5 <0.001

MCV, fL, avg±SD 107.8±12.39 91.4±9.7 89.1±5.9 86.8±3.5 <0.001

Hom.>16,umol/L 85(29) 44(14) 27(8) 18(5) <0.001

APA (+), %(n)%(n) 47(16) 34(11) 24(7) 3(1) 0.002

HS, %(n) 82(28) 41(13) 24(7) 3(1) <0.001

Ferritin, avg±SD 143±153 55±32 65±28.21 48±6.8 <0.001

Abnormal TFT,%(n) 18(6) 12(4) 7(2) 7(2) 0.121

G. atrophy, %(n) 53(18) 25(8) 24(7) 3(1) <0.001

H. pylori(+), %(n) 41(14) 40(13) 45(13) 43(12) 0.834

NP% (n) 56(19) 25(8) 10(3) 7(2) <0.001

Avg: average, SD: standart deviation, Hb: hemoglobin, MCV: mean erythrocyte volume, Hom: Homocysteine, APA: anti parietal antibody, HS: hypers egmentation, 
TFT: thyroid function tests, G. Atrophy : gastric atrophy, NP: neurological problems Group 1; B12 60 – 100 pg/mL, Group 2; B12 101–140 pg/mL, Group 3; B12 101-
140 pg/mL, Group 4; B12 141-178
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segmentation in neutrophils. The increases in the volume of 
erythrocytes may be obscured with accompanying iron defi-
ciencies or thalassemia carrier status. Therefore the mean cell 
hemoglobulin (MCV) levels may be normal in the one third of 
the patients with vitamin B12 deficiency. It has been detected 
that hematocrite levels fell below the 25 % of its value in only 
20 % of cases in a study which evaluated the patients that re-
spond clinically to the treatment of vitamin B12 treatment (15). 
In our study, it has been observed that the average MCV is 108 
fl in the group whose vitamin B12 deficiency < 60 pg/ml, 
whereas MCH levels are within normal limits in other groups. 
While the neutrophil hyper–segmentation in real vitamin B12 
deficiency is being encountered with a rate of 82 %, it is en-
countered with a lesser rate in the cases whose levels of vita-
min B12 are higher. In addition it has been detected that the 
levels of hemoglobulin are significantly decreased in patients 
with low levels of tissue vitamin B12. 

In conclusion, in our study study, it has been detected that 
the vitamin B12 levels that have been lower than reference 
values could not represent the real tissue levels and the val-
ues that have been measured either equal to or lower than the 
level of 60 pg/dl might be more specific than those have been 
measured higher in reference to the signaling clinical defi-
ciencies. 
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