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j Summary Background Vitamin
B12 deficiency in infancy may
cause failure to thrive, severe neu-
rological disorders and megalob-
lastic pancytopenia. It is well
known that infants born with
deficient vitamin B12 storage have
increased the risk of vitamin B12

deficiency. Vitamin B12 deficiency
is more prevalent in infancy in
Sanliurfa province (at the south-
east region of Turkey). Aim of the
study The aim of this study was to
determine the frequencies of vita-
min B12, folic acid and iron defi-
ciencies in pregnants and their
babies at birth and to what extend
the mothers’ deficiency becomes
effective on babies’ deficiencies.
Methods The study groups were
constituted by 180 pregnant wo-
men and their single and term
babies. Venous blood samples of
pregnants were obtained 1–3 h
before delivery and babies’ cord
bloods were collected at birth.
Vitamin B12 and folic acid levels
were measured with electro chem-
iluminiscence method; serum iron
and iron binding capacities were
measured by colorimetric method
and complete blood counts were
performed by automatic blood
counter. Results Mean vitamin B12

levels in maternal and cord blood
serum were 130 ± 61.7 pg/ml and
207 ± 141 pg/ml; mean folic acid
levels were 8.91 ± 6.46 ng/ml and
17.8 ± 11.8 ng/ml; mean serum

iron levels were 56.9 ± 37.5 lg/dl
and 147 ± 43.2 lg/dl; and mean
transferrin saturations were
11.8 ± 8% and 65.6 ± 24%,
respectively. There were vitamin
B12 deficiency (<160 pg/ml) in
72% of the mothers and 41% of the
babies, and severe deficiency
(<120 pg/ml) in 48% of the moth-
ers and 23% of the babies. Folic
acid deficiency was found in 12%
of the mothers, but was not found
in the babies. There were iron
deficiency in 62% of the mothers
and 1% of the babies. There were
statistically significant correlation
between maternal and cord blood
serum vitamin B12 levels
(r = 0.395, P < 0.001) and folic
acid levels (r = 0.227, P = 0.017),
while there were no correlation
between maternal and cord blood
iron levels and transferrin satura-
tions. Conclusion The study results
showed that vitamin B12 deficiency
is prevalent in pregnants in this
region and that 41% of infants
have born with deficient vitamin
B12 storages. Therefore, prophy-
lactic use of vitamin B12 by preg-
nant women in Sanliurfa and other
poor communities could have
considerable benefits to prevent
vitamin B12 deficiency and its
complications in infants.

j Key words vitamin B12

deficiency – pregnancy –
infant – cord blood

ORIGINAL CONTRIBUTION
Eur J Nutr (2006) 45:291–297
DOI 10.1007/s00394-006-0598-7

E
JN

598

A. Koc, MD, (&) Æ M. Soran Æ N. Demir
E. Sevinc
Research Hospital
Dept. of Pediatric Hematology
Harran University Faculty of Medicine
63 100 Sanliurfa, Turkey
Tel.: +90-414/314-53 35 (Home)

+90-414/314-11 70/ 2140 (Hospital)
Fax: +90-414/315-11 81
E-Mail: ahmetkoc1@hotmail.com

or akoc@harran.edu.tr

A. Kocyigit Æ O. Erel
Dept. of Biochemistry
Harran University Faculty of Medicine
Sanliurfa, Turkey

Z. Mil
Health Minister Sanliurfa Maternity
Hospital
Sanliurfa, Turkey



Introduction

Vitamin B12 deficiency is a rare condition in infants
who are born with enough vitamin B12 storage. Dur-
ing pregnancy, vitamin B12 is actively transported to
the fetus by the placenta. But severe deficiency may
occur in infants if the mother is vitamin B12 deficient
during pregnancy, and lactation [1–6]. It is reported
that vitamin B12 deficiency in mother’s diet at gesta-
tional period causes severe retardation of myelination
of baby’s nervous system and brain atrophy [7]. In
infancy, vitamin B12 deficiency may cause failure to
thrive, irritability, anorexia, delay and regression of
neurological development, hypotonia, coma and
convulsions, and severe megaloblastic pancytopenia
because of delayed DNA synthesis and myelination
defects [4–9].

Anemia, failure to thrive and neurological disor-
ders due to vitamin B12 deficiency in infancy are
common in the Sanliurfa Province (at the southeast
region of Turkey), and some of these children are
brought to the hospital in severe coma [10]. Most of
these children’s mothers also have vitamin B12 defi-
ciency. We think that one of the possible important
causes of the high frequency of vitamin B12 deficiency
in infants is inadequate transfer of this vitamin from
mothers both in pregnancy and in breast-feeding to
the baby. So, we aimed to investigate vitamin B12

status of pregnants and their infants, and correlation
of vitamin B12 in maternal and cord blood serum at
birth. We also investigated other hematic substances,
i.e., folic acid and iron, and hematologic values since
nutritional deficiencies, especially iron deficiency, are
high in pregnancy.

Materials and methods

The study groups were constituted by 188 healthy
parturients who gave birth at the Health Minister
Sanliurfa Maternity Hospital, and their babies, but 8
pairs were excluded from the study due to insufficient
sampling of cord blood or broken tubes. All parturi-
ents had normal gestations lasting 38–42 weeks and
gave birth to normal babies weighing more than
2500 g by uncomplicated vaginal delivery. The data
associated with mothers’ ages, pregnancy numbers,
and medications in pregnancy were obtained from
mothers and their hospital records before delivery. All
pregnants gave informed consent for themselves and
for their babies. The study was performed according
to national and international ethical guidelines under
the supervision of a medical ethic specialist.

Venous blood samples of pregnants were taken 1–
3 h before delivery and babies’ cord blood samples

were collected at birth into two tubes one with and
one without EDTA. Blood specimens in the tubes
without EDTA were left to stand at room temperature
for approximately 3 h and then centrifuged. The sera
were collected and immediately frozen at )20 �C until
tested. Vitamin B12 and folic acid levels were mea-
sured with electrochemiluminiscence method (Elecsys
2010), serum iron and iron binding capacities, were
measured by colorimetric method (Boehringer-
Meinhaim). Complete blood counts were performed
by automatic blood counter (Celldyn 3500) in the
same day. Vitamin B12 and folic acid measurements
and complete blood counts were performed in all
subjects; serum iron, iron binding capacities and
transferrin saturations were measured in 100 of them.

Vitamin B12 levels lower than 160 pg/ml were
accepted as deficiency and lower than 120 pg/ml
were considered as severe deficiency for both preg-
nants and infants [11]. Serum folic acid levels lower
than 4 ng/ml were accepted as deficiency and lower
than 2 ng/ml were accepted as severe deficiency for
both pregnants and infants [5, 12]. If serum iron
level was lower than 60 lg/dl and transferrin satu-
ration was lower than 16%, it was considered as iron
deficiency for both pregnants and infants [11]. Hb
levels lower than 12 g/dl in pregnants and lower than
13.5 g/dl in infants were considered as anemia.
When MCV was lower than 80 fl in mothers and
lower than 98 fl in infants, it was accepted as
microcytosis [11].

Statistical analyses were performed by using SPSS
computer program (version 11.5). The correlations
between mothers’ and babies’ values were evaluated
with Spearman correlation coefficient. Unpaired Stu-
dent t test was used for comparison of mean serum
concentrations of vitamin B12, folic acid, iron, iron
binding capacity, and transferrin saturations of
pregnants and their babies. In addition, pregnants
and their babies were grouped according to preg-
nants’ ages, pregnancy numbers, vitamin B12 status
(adequate: ‡160 pg/ml, mildly deficient: 120–160 pg/
ml, and severely deficient: <120 pg/ml), and iron or
multivitamin receival; and each subgroup results were
also compared with other subgroups results with
unpaired Student t test and one-way ANOVA test (in
multiple comparisons) with Bonferroni test for post-
hoc multiple comparisons. Chi Square (v2) test was
used in comparison of deficiency rates of subgroups
according to pregnants’ vitamin B12 status.

Results

Mean age of pregnants was 27 + 5.79 years. Twenty-
eight (16%) of pregnants were younger than 20 years
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of age, 54 (30%) were between 21–25 years of age, 59
(33%) were between 26 and 30 years of age, and 39
(22%) were in 31 years of age or older. Fifty-four
(30%) of these mothers had their first pregnancy, 56
(31%) had their second or third pregnancy, 42 (23%)
had their fourth or fifth pregnancy, and 28 (16%) had
six or more pregnancies. Mean pregnancy number
was 3.22 + 2.16.

Data of maternal and cord blood serum levels of
vitamin B12, folic acid and transferrin saturation were
presented in Table 1. The differences between
maternal and cord blood levels were significant
(P < 0.001) for all parameters.

As shown in Table 2, the frequency of vitamin B12

deficiency were significantly high in both mothers and
babies, while only 1% of the babies was iron-deficient
and none of the babies was folic acid-deficient. Sev-
enteen (77%) of 22 pregnants who had folic acid
deficiency and 36 (58%) of 62 pregnants who had iron
deficiency also had vitamin B12 deficiency.

Eighty-four (48%) of the pregnants had anemia (24
(13%) had Hb levels lower than 10.5 g/dl) (Table 2).
Anemia was microcytic in 45 (54%) of these 84 wo-
men and normocytic in others. Only five (3%) infants
had anemia and two (1%) of these infants had
microcytosis.

Table 2 The frequencies of vitamin B12, folic acid and iron deficiencies and anemia in pregnants and their babies

In pregnants In babies

Number % Number %

Vitamin B12 deficiency
Mild deficiency (120–160 pg/ml) 43 24 33 18
Severe deficiency (<120 pg/ml) 87 48 41 23
Folic acid deficiency
Mild deficiency (2–4 ng/ml) 6 3 0 0
Severe deficiency (<2 ng/ml) 16 9 0 0
Iron deficiency (Iron level <60 lg/dl, transferrin saturations <16%) 62 62* 1 1*
Anemia (Hb <12.0 g/dl in mothers, Hb <13.5 g/dl in infants) 84 48 5 3

*Measured in 100 of subject

Table 1 Means and standard deviations of vitamin B12, folic acid, iron, iron binding capacity levels, and transferrin saturations of maternal and cord blood serum

Maternal blood Cord blood Correlations

Vitamin B12 (pg/ml) 130 ± 61.7 (30.0–341) 207 ± 140 (30.0–897) r = 0.395 P < 0.001
Folic acid (ng/ml) 8.91 ± 6.46 (0.50–24.0) 17.8 ± 11.8 (3.50–24.0) r = 0.227 P = 0.017
Iron (lg/dl) 56.9 ± 37.5 (8.0–215) 147 ± 43.2 (49–263) r = 0.126 P = 0.212
Total iron binding capacity (lg/dl) 507 ± 90.1 (210–671) 242 ± 77.0 (124–609) r = 0.197 P = 0.05
Transferrin saturation (%) 11.8 ± 8.41 (1.0–48.0) 65.6 ± 24.1 (11.0–104) r = 0.105 P = 0.298

The numbers in the parenthesis are minimum and maximum values

Table 3 Mean serum vitamin B12 and folic acid levels and transferrin saturations of pregnants and their babies according to pregnant’s vitamin B12 status

Pregnants with adequate
vitamin B12

Pregnants with mild
vitamin B12 deficiency

Pregnants with severe
vitamin B12 deficiency

P

Mothers’ values
Vitamin B12 (pg/ml) 216a (160–342) 136b (122–158) 86.3c (30.0–119) <0.001*
Folic acid (ng/ml) 9.84 (0.5–24.0) 10.0 (0.5–24.0) 7.26 (0.5–24.0) 0.077
Transferrin saturation (%) 11.9 (1.0–48.0) 11.4 (3.0–35.0) 12.4 (3.0–38.0) 0.935
Newborns’ values
Vitamin B12 (pg/ml) 290d (99.9–897) 194e (101–350) 172f (30.0–575) 0.002**
Folic acid (ng/ml) 18.4 (5.9–24.0) 18.1 (6.3–24.0) 15.5 (3.5–24.0) 0.069
Transferrin saturation (%) 54.2 (17.0–96.0) 60.4 (26.0–102) 64.1 (11.0–104) 0.460

�The numbers in the parenthesis are minimum and maximum values
*P < 0.001 for each three comparison (a with b, a with c, and b with c) with Bonferroni post-hoc test
**P = 0.002 for d with f, and P = 0.04 for d with e with Bonferroni post-hoc test
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We found a statistically significant correlation be-
tween maternal and cord blood serum vitamin B12

levels (r = 0.395, P < 0.001) and folic acid levels
(r = 0.227, P = 0.017), while there were no correlation
between maternal and cord blood serum iron levels,
iron binding capacities and transferrin saturations
(Table 1).

There were no statistically important correlations
between both pregnants’ ages and pregnancy numbers
and serum levels of vitamin B12, folic acid, iron, and
iron saturation of mothers and infants (P > 0.05 for
all comparison). When the infants were grouped
according to pregnants’ ages and pregnancy numbers,
there were no significant differences between mean
serum vitamin B12 and folic acid concentrations and
transferrin saturations (P > 0.05 for all comparisons).

When the infants were grouped according to
mothers’ vitamin B12 status, mean vitamin B12 levels
of the infants whose mothers were in mild and severe

vitamin B12 deficient groups were significantly lower
than mean level of the infants whose mothers were in
vitamin B12 adequate group (F = 6.541, P = 0.002)
(Table 3 and Fig. 1). There were no important dif-
ferences between mean folic acid levels and transfer-
rin saturations of infants according to pregnants’
vitamin B12 status (P > 0.05 for each comparison).

The frequency of severe vitamin B12 deficiency
status in infants whose mothers had severe vitamin
B12 deficiency was significantly higher than the infants
whose mothers had mild deficiency and had adequate
vitamin B12 (Table 4).

According to data obtained from pregnant, 127
(71%) of them had received neither iron nor multiv-
itamin preparation at pregnancy, while 11 (6%) had
used iron and 34 (19%) had used multivitamin (5
(3%) had used each of iron and multivitamin) at least
one package. Eight (4%) of the pregnants did not
answer this question. There were no important dif-
ferences in mean serum levels of vitamin B12, folic
acid and transferrin saturations between pregnants
who had ever received iron or multivitamin prepa-
rations and who had not, and also between their ba-
bies (P > 0.05 for all comparison). These results
suggested that iron or multivitamin receival by
pregnants were insufficient in this region.

Discussion

This study demonstrated that the frequency of vitamin
B12 deficiency was significantly high in pregnants of
this region, and an important proportion of infants
have born with deficient vitamin B12 storages. This
results showed that vitamin B12 deficiency in preg-
nants is an important cause of biochemical vitamin B12

deficiency in newborns in our region, although vege-
tarian nutrition is uncommon.

There is little consensus on appropriate cut-off
point for determining normal and abnormal vitamin
B12 and folic acid levels. However, the levels which are
frequently used for vitamin B12 are 160 and 200 pg/ml
[11–14]. Our laboratory used <200 pg/ml as the cut-

Pregnant groups according to vitamin B12 status
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Fig. 1 Cord blood vitamin B12 levels according to pregnants’ vitamin B12 status

Table 4 Vitamin B12 status of infants according to pregnants vitamin B12 status

Vitamin B12 status of infants Vitamin B12 status of pregnants Total (n)

Adequatea Mildly deficientb Severely deficientc

Adequate 42 (80%) 27 (63%) 37 (43%) 106
Mildly deficient 5 (10%) 7 (16%) 21 (24%) 33
Severely deficient 3 (6%) 9 (21%) 29 (33%) 41
Total (n) 50 43 87 180

v2 = 6.102, P = 0.047 for a and b
v2 = 25.282, P < 0.001 for a and c
v2 = 5.880, P = 0.053 for b and c
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off point for vitamin B12 during our investigation.
But, since serum vitamin B12 concentrations physio-
logically fall during pregnancy [15–17], we accepted
160 pg/ml for vitamin B12 as cut-off point.

There is also no complete consensus about cut-off
level of serum folic acid. In Frery et al. study [13],
folic acid was considered deficient when its plasma
level was less than 2.5 ng/ml. Perkins has given 2 ng/
ml for normal lower limits of folic acid [11]. White-
head et al. [5] have given 4–20 ng/ml as normal range
and less than 3 ng/ml as deficiency. According to
another textbook, if the serum folate concentration is
more than 4 ng/ml, folate deficiency is effectively
ruled out [12]. Our laboratory’s lower limit of normal
range for folic acid was also 4 ng/ml. Therefore, we
used 4 ng/ml for cut-off point for folic acid in this
study.

One of the important causes of high frequency of
vitamin B12 deficiency in this region is inadequate
consumption of animal products due to poverty. High
frequency of iron deficiency, which was found in
pregnants, supported this suggestion. Another
important cause is the local tradition of some people
at this region that, meat consumption of woman
during pregnancy or lactation might be harmful to
her fetus or infant. One of the other causes may be
intestinal bacterial overgrowth [5], due to poor hy-
gienic conditions of the region.

One of the nutritional characteristics of the people
in this region is meat products are frequently con-
sumed with some vegetal foods such as dry or fresh
pepper and eggplant. Some foods that are usually
consumed with meat may also inhibit vitamin B12 and
iron absorption, and the subject must be investigated
from this perspective. Some intestinal parasitic
infections may result in vitamin B12 malabsorption
[6], and intestinal parasitic infections, which are more
common in this region, may be one of the causes of
this deficiency [18, 19]. Therefore, further studies are
required to determine the exact causes of vitamin B12

deficiency in pregnancy.
We found that cord blood vitamin B12 levels were

significantly correlated with mothers’ vitamin B12

levels in contrast to the cases of iron levels. Frery
et al. [13] and Guerr-Shinohar et al. [20] also re-
ported that cord blood vitamin B12 levels were highly
correlated with mothers’ vitamin B12 levels. Monagle
et al. [3] reported that maternal vitamin B12 defi-
ciency is the most frequently seen cause of infantile
megaloblastosis, and 50% of these mothers were
asymptomatic. It was shown that pregnants’ ages or
pregnancy numbers have no important effect on the
infants’ vitamin B12 levels, but pregnants’ vitamin
B12 status were significantly effective on the infants’
vitamin B12 levels. As seen in Tables 3 and 4, espe-
cially the infants, whose mothers have severe vitamin

B12 deficiency, are under the risk of severe vitamin
B12 deficiency; but an important proportion of in-
fants, whose mothers have mild deficiency may also
be under the risk for severe deficiency. All these
results have suggested that if mothers have inade-
quate vitamin B12 storage during pregnancy, the
babies probably born with deficient vitamin B12

storage [1–5].
Specker et al. [21] reported that milk vitamin B12

was correlated with maternal vitamin B12 concentra-
tion and infant urinary methylmalonic acid (UMMA)
concentration (an important biochemical indication
of vitamin B12 deficiency) were inversely related to
milk vitamin B12 concentration. Therefore, the defi-
ciency may become more evident especially in breast-
fed infants because of the low milk concentration of
vitamin B12 [21, 22]. In contrary, although iron defi-
ciency was more prevalent in pregnant women in our
study, it was rare in infants, and this situation sup-
ports the assertion that even if mothers had iron
deficiency, the fetus could get iron that was needed.

Interestingly, we found that 6% of the infants
whose mothers had adequate vitamin B12 levels, had
vitamin B12 levels lower than 120 pg/ml, and 10% of
this infants had vitamin B12 levels between 120 and
160 pg/ml. We think that these pregnants might have
received vitamin B12 sources in the final days of their
pregnancy which was sufficient to correct their own
serum vitamin B12 levels, but was not enough to
correct their infants serum levels.

In some poor communities, quite high rate of
vitamin B12 and folic acid deficiencies in pregnants
have been reported [23, 24]. Ackurt et al. [25] re-
ported that the frequencies of vitamin B12 and folate
deficiencies in pregnant were 48.8% and 59.7% in
early stages of pregnancies, 80.9% and 76.4% in late
stages of pregnancy, and 60% and 73.3% in postnatal
stages, respectively, in Istanbul and Izmit, two
developed cities in the north-west region of Turkey.
In Ackurt et al.’s study, the frequency of vitamin B12

deficiency in women in late stages of pregnancy was
quite similar with the frequency of deficiency that was
found in our study. These similar results show that
vitamin B12 deficiency in pregnancy is not a restricted
problem of south-east region, but also an important
problem in the other regions of Turkey.

Generally, folic acid deficiency during pregnancy is
more common than vitamin B12 deficiency [26]. But,
the frequency of folic acid deficiency in pregnants was
lower than the frequency of vitamin B12 deficiency,
and none of the infants had folic acid deficiency at
birth in this study. One of the possible causes of this
result may be that the sources of folic acid [5] are
more common and cheaper in our region.

This study also showed that the use of iron and
multivitamin by pregnants is insufficient in this re-
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gion. When it is considered that most of the physi-
cians prescribe iron and multivitamins to pregnants,
the results suggested that the insufficient follow-ups
of the pregnants by the physicians, and multivitamin
and iron medication is also insufficient in pregnants
who reported that they receive iron or multivitamin.

It is important to diagnose vitamin B12 deficiency
in pregnants since it can result in low vitamin B12

stores in infants at birth [1, 3, 5, 13, 20]. Children who
are born with low vitamin B12 stores, if not diagnosed
and treated, may show developmental and severe
neurological problems within the first years of life.
Treatment may resolve these complications, but per-
manent neurologic damage and long-term intellectual
impairment may occur [2–9]. Therefore, prevention
of this deficiency is an important measure for healthy
development of infants and children. Ajayi et al. [27]
reported that receiving the capsules that contain fer-
rous fumarate, folic acid, vitamin B12, vitamin C,
magnesium sulfate and zinc (Chemiron) by normal
pregnants instead of conventional ferrous glucanate
and folic acid, had better hematological effect. There
is no known teratogenic effect of vitamin B12 if re-
ceived by pregnants. In contrast, it was shown that it
could reduce the teratogenic effects that induced by
valproic acid and dexamethasone, and could reduce
the frequency of malformation in animal experiments

[28, 29]. Therefore, vitamin B12 administration to
pregnants will be beneficial to prevent infantile vita-
min B12 deficiency.

In conclusion, this study showed that, an impor-
tant proportion of infants in Sanliurfa had vitamin B12

deficiency at birth due to maternal vitamin B12 defi-
ciency. Due to the potential serious results of vitamin
B12 deficiency for infants, prenatal screening studies
may be performed to prevent the deficiency of vita-
min B12 in infants. We suggest that prophylactic use
of vitamin B12 by pregnant women, similar to iron
and folic acid prophylaxis, in addition to nutrition
education programs and food enrichment, will greatly
benefit to prevent vitamin B12 deficiency and its
complications in the first years of life, in Sanliurfa and
other less advantaged communities.

Vitamin B12 can be given to pregnants in routine
physician control; or it can be given by nurses or
midwives in village clinics to pregnants who are not in
regular physician follow-ups, at least one in each
trimester of gestation as 1 mg ampoules, that is quite
cheap. Vitamin B12 can also be given to infants at first
week of life similar to vitamin K injection in poor
communities. The addition of vitamin B12 in multiv-
itamin preparations for infants will also have benefi-
cial effects to prevent vitamin B12 deficiency in
infancy.
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