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Abstract
Background: Folate and vitamin B12 have a number of biologic roles that make

them important in hematological disorders and malignancy. In the present study, we
have assessed serum folate and vitamin B12 levels and their associated variables in
patients with leukemia, lymphoma, and solid tumors.

Methods: This cross-section study investigated 98 patients (57 with leukemia, 16
lymphoma, and 25 solid tumors) between April 2015 and March 2016 in Southern Iran.
Complete blood counts and serum levels of folate, vitamin B12, lactate dehydrogenase,
and homocysteine were measured. Clinical characteristics of the patients were also
gathered from their medical records. 

Results: Patients had the following mean serum levels: serum folate (12.27±6.69
ng/ml), vitamin B12 (331.81±183.22 pg/ml), and homocysteine (11.74±26.67 µmole/L).
Vitamin B12 showed a significant negative correlation with homocysteine levels (r=
-0.223, P=0.043).  Overall, there were 21(21.9%) vitamin B12 and 9 (9.8%) folate
deficient patients. Vitamin B12 patients had a longer remission time (time from off
therapy until study entry) of 18±16.97 months compared to those with normal vitamin
B12 levels (8.81±8.08 months, P=025). However, logistic regression analysis showed
that only mean corpuscular volume had a significant correlation with vitamin B12
deficiency (B= -0.105, odds ratio=0.9, 95% CI: 0.819-0.990, P=0.03). None of the
variables showed significant correlation with folate deficiency (P>0.05).

Conclusion: Vitamin B12 and folate deficiency are frequently seen in survivors of
childhood malignancy, mainly due to the effects of chemotherapy. These vitamins have
important roles in hematopoiesis, as well as development and maintenance of the nervous
system; therefore, timely detection of their deficiencies is of utmost importance. It is
highly recommended to check the serum levels of these vitamins in children who
successfully survive their cancer treatments.
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Introduction
The biological mechanisms that lead to

hematologic malignancies and solid tumors are not
completely clear.1 No single gene defects appear
to be involved in hematological malignancies.
Interaction between genetic variations, and
environmental and dietary factors may play an
important role in the genesis of hematological
malignancies. One of the important dietary factors
essential for normal cell growth and impact on
general health is the sufficient intake of folate.2,3

Folate and related B vitamins have a number of
biological roles that may contribute to the
development of cancer. Deficiencies of both
vitamins and mineral elements have been
frequently observed in patients with leukemia
and lymphoma.2,4,5

Folate is a cofactor which plays a critical role
in the synthesis, repair, and expression of DNA
and functions as a regulatory molecule.6

Folate and vitamin B12 play an essential role
in DNA methylation. Folate provides methyl
groups for DNA methylation. Methionine synthase
is a vitamin B12-dependent enzyme, which
catalyzes the transfer of methyl groups for the
conversion of homocysteine to methionine.
Consequently, methionine becomes S-adenosyl-
methionine, which is the universal methyl donor
for methylation reactions.7, 8 Deficiencies in folate
and vitamin B12 are associated with chromosomal
breakage, expression of chromosomal fragile
sites, disruption of DNA repair, excessive uracil
in DNA, hypomethylation of DNA, and high
concentrations of homocysteine in the blood,
which is considered to be a significant risk factor
for cardiovascular diseases. The availability of S-
adenosylmethionine for DNA methylation
decreases. The same defects may also associate
with increased cancer risk in humans and play an
important role in neurological abnormalities.7-11 

Survivors of childhood cancer are at increased
risk for several complications that include obesity,
diabetes, cognitive dysfunction, and
osteoporosis.12-15 The negative consequences of
obesity in survivors of childhood cancer consist
of metabolic abnormalities or cardiac diseases.16

On the other hand, low serum folate and vitamin
B12 are associated with an increased risk of
cardiovascular mortality, osteoporosis, Alzheimer's
disease, and cognitive dysfunction.15,17,18

Several mutations as well as DNA
translocations, inversions or deletions in genes
involved in the regulation of blood cell
development or homeostasis increase the risk of
leukemia and solid tumors.19 Deficiencies of
folate and B12 are linked to different morbidities
such as osteoporosis and cognitive dysfunction,
which are the major treatment-related
complications in survivors of childhood
cancer.20,21 There is a growing body of evidence
that folate and B12 deficiencies are associated with
increased risk of several solid tumors.22-26 The aim
of this study is to investigate serum folate and
vitamin B12 status, and their possible associated
factors in survivors of childhood cancer. 

Materials and Methods
We conducted this cross-sectional study on

98 children, 18 years or younger, who had
leukemia (n=57), lymphoma (n=16), and solid
tumors (n=25). Patients were off therapy due to
cure or disease remission. They were registered
in the Pediatric Oncology Department affiliated
with Shiraz University of Medical Sciences from

Table 1. Demographic variables and laboratory data in the
studied population. 
Variables Mean ± SD
Age (years) 8.6±4.31
Sex 

Male (%) 59 (60.2)
Female (%) 39 (39.8)

Duration of illness (months) 22.80±14.45
Remission time (months) 10.96±11.40
Serum Folate (ng/ml) 12.27±6.69
Serum Vitamin B12 (pg/ml) 331.81±183.22
WBC count (×103/ml) 6136.25±2020.93
Platelets    (×103/ml)
255.89±74.26
RBC count (×106/ml) 4.98±0.86
Hb (g/dl) 12.90±1.52
MCV(fL) 79.50±7.09
RDW (%) 13.47±2.44
Homocysteine serum (µmole/L) 11.74±26.67
LDH (U/L) 365.70±109.03
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January 2015 until December 2016 in Southern
Iran. The Ethics Committee of Shiraz University
of Medical Sciences approved the study protocol.
All patients or their parents provided written
informed consent for study participation. 

Folate and vitamin B12 serum levels were
measured by the Hitachi Cobas E 411(Roche
System). The normal values in our laboratories
range between 200-900 pg/ml for vitamin B12 and
4.6-18.7 ng/ml for folate. Values less than these
normal ranges were considered to be deficient.
Total serum homocysteine was measured by the
Hitachi 917 autoanalyzer (Roche System) with a
normal range between 5-15 µmol/L; higher levels
were considered to be hyperhomocysteinemia.

Statistical analysis
Data analysis was performed by SPSS software

version 21 (SPSS Inc., Chicago IL, USA).
Descriptive data were presented as mean, standard
deviation, and percentages. The chi-square test was
used to compare qualitative variables between
two or more groups. The student’s t-test and
Mann-Whitney test were used to compare
quantitative variables between two groups.
Logistic regression was used to determine the
independent factors that influenced folate and
vitamin B 12 deficiencies. The Pearson Correlation
test was used to determine the correlation between
quantitative variables. A two-sided P-value <0.05
was considered statistically significant.

Results
In total, 98 patients (59 boys and 39 girls)

enrolled in the study. Mean age of the patients was
8.67 ±4.31 years (range: 1-18 years). 

Clinical and laboratory findings of patients
are shown in table 1. Overall, patients had the
following mean serum levels: folate (12.27±6.69

ng/ml), vitamin B12 (331±183 pg/ml), red blood
distribution width (13.4±2.4%), and homocysteine
(11.74±26.67 µmol/L). 

Table 2 shows the correlations of folate and
vitamin B12 serum levels with different variables.
Only vitamin B12 showed a significant negative
correlation with homocysteine levels (r= -0.223,
P=0.043). A total of 21.9% of patients were
deficient in folate, 9.8% had vitamin B12
deficiency, and 7.1% had hyperhomocysteine-
mia. 

Table 3 summarizes demographic, clinical and
laboratory variables between folate and vitamin
B12 deficient patients and their normal
counterparts. All clinical and laboratory variables
were comparable in vitamin B12 deficient and
non-deficient patients except for remission time
(time from off therapy to study entry) which was
longer in vitamin B12 deficient patients (18±16.97
months) compared to non-deficient patients
(8.81±8.08 months, P=0.025). Consequently,
variables with P<0.2 were entered into the logistic
regression model. These variables included age,
post-chemotherapy duration, mean corpuscular
volume (MCV), and diagnosis with entering
method. Only MCV showed a significant
correlation with vitamin B12 deficiency in this
model (B= -0.105, odds ratio=0.9, 95% CI: 0.819-
0.990, P=0.03). There was no association between
hyperhomocysteinemia and folate or vitamin B12
deficiencies (P>0.05).

None of the clinical and laboratory parameters
showed a significant relationship with folate
deficiency in univariate analysis (P>0.05). Due to
a low number of patients in the folate-deficient
group, logistic regression was not possible in this
group.

Table 2. Correlation of serum folate and vitamin B12 levels with LDH, homocysteine, remission time, and duration of illness in patients
with hematologic malignancies and solid tumors.

LDH Homocysteine Remission time Duration of illness
r P-value r P-value r P-value r P-value

Vitamin B12 0.157 0.190 -0.223 0.043* -0.298 0.004* -0.073 0.491
Folate 0.129 0.296 0.084 0.461 -0.075 0.494 0.038 0.723
*P<0.05 was considered statistically significant.
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Discussion  
Vitamin B12 and folate have key roles in

nucleic acid synthesis. Deficiencies in folic acid
and vitamin B12 may contribute to the
development of cancer by increasing DNA
damage rate, excessive accumulation of uracil in
DNA, micronucleus formation and DNA
hypomethylation.27,28 

Recently, it has been postulated that nutrition
may play a significant role in cancer
prevention.29,30 Since folate supplementation
plays an important role in the prevention of
macrocytic anemia as well as cardiovascular
disease and neural tube defects, further research
is needed to clearly elucidate the effect of folate
on carcinogenesis.31

Previous investigators attempted to determine
the biologic and fundamental roles of folic acid
and vitamin B12 in patients with leukemia and
other cancers. Hoogstraten et al. and Hellman et
al. reported low folic acid activity in some cases

of leukemia and solid tumors.32 Another study
showed a strong association between maternal
use of folate supplements and acute lymphoblastic
leukemia (ALL) in children. They reported that
folate supplements in pregnancy could reduce
the risk of childhood ALL.33 Skibola et al. stated
that lymphoid cells might have a higher folate
requirement in comparison with myeloid cells.26

Some investigators evaluated the relationship
between folate intake and risk of breast cancer, but
reported contradictory results.34-36 A study
suggested that higher plasma levels of folate and
vitamin B6 might have a  protective role against
breast cancer,37 whereas another study failed to
prove any association.38

In this study, nearly 22% of the study
population had folate deficiencies, whereas 10%
were deficient in vitamin B12. Jain et al. reported
different statistics regarding folate (11.3%) and
B12 (31.3%) deficiencies in survivors of
childhood leukemia.39 One reason might be the

Table 3. Comparison of clinical and laboratory characteristics between folate and vitamin B12 deficient and non-deficient patients.
Vitamin B12 Folate

Deficient Non-deficient P- value Deficient Non-deficient P- value
N=21 N=75 N=9 N=83

*Age (years) 10.14±5.121 8.28±4.05 0.08 9.11±4.3 8.53±4.3 0.7
*Sex (number)
Male (%) 13 (61.9%) 45 (60%) 1.00 5 (55.6%) 50 (60.2%) 1.00
Female (%) 8 (38.1%) 30 (40%) 4 (44.4%) 33 (39.8%)
*Diagnosis
Leukemia 12 (57.1%) 43 (57.3%) 0.15 6 (66.7%) 45 (54.2%) 0.72
Lymphoma 6 (28.6%) 10 (13.3%) 1 (11.1%) 15 (18.1%)
Solid tumors 3 (14.3%) 22 (29.3%) 2 (22.2%) 23 (27.7%)

*Duration of 22.95±13.844 22.58±14.74 0.91 29±12.25 21.16±14.3 0.17
illness (months)
* Remission 18±16.976 8.81±8.08 0.02* 12.75±14.44 10.74±11.3 0.77
time (months)
*WBC count 5754.76±1705.153 6263.42±2123.34 0.31 6027.78±1062.16 6203.83±2151 0.96
(×103/ml)
*Platelets (×103/ml) 249.05±59.238 259.36±78.43 0.57 282.00±70.63 256.37±75.3 0.23
*RBC count 4.91±0.588 5.02±0.94 0.63 4.83±0.49 5.00±0.91 0.56
(×106/ml)
* Hb (g/dl) 12.75±1.22 12.96±1.61 0.57 12.65±1.13 12.94±1.6 0.30
*MCV(fL) 76.085±9.95 80.51±5.86 0.06 74.50±12.77 80.13±6.13 0.144
RDW(%) 14.07±1.97 13.55±1.71 0.331 13.14±1.29 13.77±1.86 0.464
*Homocysteine 23.25±58.56 8.77±4.52 0.32 10.98±5.08 12.03±28.7 0.20
(µmole/L)
*LDH (U/L) 380.06±140.87 362.84±98.08 0.57 402.00±93.16 366.72±110.227 0.31
P<0.05 was considered statistically significant.; *All parameters are written as mean ± SD, the exception of age and diagnosis, which is written as a number (%).



heterogeneity of the current study patients in
terms of primary diagnosis. The dietary habits of
our patients might differ from the Indian
population, so that fewer patients encountered
vitamin B12 deficiency post-chemotherapy. 

Another finding of our study was that the
remission time was longer in vitamin B12 deficient
patients compared to individuals with normal
vitamin B12 levels. It seems that vitamin B12
deficiency in pediatric cancer patients is not a
self-limited process and may even increase in
frequency or severity as time passes unless treated
appropriately. From all variables, only MCV has
shown a significant correlation with vitamin B12
deficiency. While it is expected that vitamin B12
deficiency should be accompanied with
macrocytosis, the deficient groups showed lower
MCV values. A possible explanation is that
survivors of childhood malignancies may suffer
from concurrent multiple mineral and
micronutrient deficiencies which can alter the
effects of a vitamin B12 deficiency on RBC sizes.
We did not measure other minerals or vitamins in
these patients and cannot draw any robust
conclusion in this regard. 

This study is among the few studies in the
pediatric age group that assessed folate and
vitamin B12 status in children who survived their
malignancies. We showed a more prevalent folate
deficiency compared to vitamin B12 deficiency in
the post-chemotherapy period. We demonstrated
that the vitamin B12 deficiency did not resolve
spontaneously over time and needed to be treated.
Despite several strengths, this study faced some
limitations. Besides the small sample size and
short follow up period, the mentioned vitamins
were not measured initially before starting
chemotherapy. This could help us to more
accurately investigate the effect of chemotherapy
on the nutritional status of children.

Conclusion 
Folate and vitamin B12 deficiencies are

uncommon in survivors of childhood
malignancies. Since they may implicate long-
term morbidities that include second malignant

neoplasms, further multicenter studies with larger
sample sizes and longer follow up periods are
required to elucidate the late consequences of
chemotherapy in growing children. It is important
to periodically check the level of vitamins and
minerals in survivors of childhood malignancies
in order to guarantee a healthy life for the rest of
their lives.
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