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ABSTRACT

Objective: The aim of this study is to evaluate the effects of age,
sex, and socio-economic status (SES) on concentrations of vita-
min B12 (vit-B12), folate, iron, and ferritin through the pediatric
age span, and to show the relationship of these nutrients with
blood count parameters such as hemoglobin (Hb), hematocrit
(Hct), mean corpuscular volume (MCV), and red cell distribution
(RDW).

Material and Method: The study comprised of 30,504 venous
blood samples (54.5% of girls and 45.5% of boys). The study
group was stratified; group I: 1-6 years (n=3,870), group II: 7-12
years (n=11,019), and group llI: 13-18 years (n=15,615). Serum
vit-B12, folate, ferritin, iron and total iron-binding capacity (TIBC)
were measured using a Beckman Coulter DXI 800, and the blood
count was analyzed using a Sysmex XE 2100 analyzer.

Results: The Hb, Hct, MCV, and RDW levels were significantly
different between the age groups of boys and girls (p<0.001, for
all). Hb and Hct were the highest in boys aged 13-18 years, and
higher than those of girls in the same age group (p<0.001). The
MCV and RDW were also significantly different across the age
groups (p<0.001). The iron deficiency prevalences were 12.3%
and 4.2% for the girls and boys respectively. Serum folate and
vit-B12 showed decrement with age across the age groups. The
prevalences of vit-B12 deficiency were 27.1% and 28.3% and
6.0% and 6.8% for folate deficiency for girls and boys. Iron, TIBC,

OZET

Amag: Bu calismanin amaci, pediyatrik yas gruplarinda; yas,
cinsiyet ve sosyo-ekonomik durumun (SED) B12 vitamini, folik
asit, demir ve ferritin konsantrasyonlarina etkisi, bu parametre-
lerin hemoglobin (Hb), hematokrit (Hct), ortalama eritrosit hacmi
(MCV) , RDW gibi kan sayimi parametreleri arasindaki iligkisinin
saptanmasidir.

Gere¢ ve Yontem: Calisma 30504 vendz kan &rneginden
olustu (%54,5 kiz, %45,5 erkek). Calisma gruplar; grup I: 1-6
yas (n=3.870), grup Il: 7-12 yas (n=11.019), grup Ill: 13-18 yas
(n=15.615). Serum B12 vitamini, folik asit, ferritin, demir, demir
baglama kapasitesi (TDBK), Beckman Coulter'in DXI 800 ana-
lizéri kullanilarak, tam kan sayimi Sysmex XE 2100 hematoloji
cihazinda caligildi.

Bulgular: Kiz ve erkek ¢ocuklarinin yas gruplar arasinda Hb, Hct,
MCV, RDW diizeyleri anlamli olarak farkl bulundu (tim paramet-
reler icin, p<0.001). Hb ve Hct diizeyleri 13-18 yas grubu erkek
cocuklarinda en ylksek seviyede olup, ayni yas grubundaki kiz
cocuklarina gore anlamli olarak daha yUksekti (p<0.001). De-
mir eksikligi prevalansi, kiz ¢cocuklarda %12,3, erkek ¢ocuklarda
%4,2 idi. Serum folik asit ve B12 vitamin konsantrasyonlarinda
yas gruplar icerisinde yagla azalma gorlldu (sirasiyla r=-0,480,
p<0,001; r=-0,377, p<0,001). Kiz ve erkek cocuklarinda, B12 vi-
tamin eksikligi prevalansi sirasiyla %27,1 ve %28,3 iken, folik asit
eksikligi prevalansi %6,0 ve %6,8 olarak bulundu. Demir, TDBK
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and ferritin levels were significantly different between the high
and medium SES.

Conclusion: The results of this study are important in that the
monitorization of ferritin, vit-B12, and folate levels greatly con-
tribute to clinical practice because of the roles of vit-B12, folate,
and iron in mental, emotional, and metabolic development.
However, there is a need for larger and multicenter studies that
can represent the nutrients of Turkish children and adolescents
nationwide.

Keywords: Serum vitamin B-12, folic acid, iron status, iron defi-
ciency prevalence, B-12 and folate deficiency prevalence

ve ferritin duizeylerinde yiksek ve orta SED arasinda anlamli fark-
liliklar goraldi (p<0,001, tim parametreler icin).

Sonug: Bu calismanin sonuglar, ferritin, B12 vitamini, folik asit
dizeylerinin mental, emosyonal ve metabolik gelisimlerindeki
rolleri nedeniyle cocukluk cagr ve ergenlikte izlenmesinin klinik
uygulamaya katkilar agisindan énem tasimaktadir. Ancak, bu
nutrientleri Ulke genelinde Turk ¢ocuk ve ergenlerindeki temsil
edebilecek daha genis ve ¢cok merkezli calismalara ihtiyag vardir.
Anahtar Kelimeler: Serum B12 vitamini, folik asit, demir eksikli-
gi prevalansi, B12 vitamin eksikligi prevalansi, folik asit eksikligi
prevalansi

INTRODUCTION

Adequate levels of micronutrients are essential for any
stage of life, especially in childhood and adolescence.
Folate and vitamin B12 (vit-B12) are crucial micronutri-
ents for growth and development. They have indisput-
able roles in DNA synthesis, optimal hematopoiesis, and
neuronal function. Studies have shown the association
between inadequate levels of these vitamins with devel-
opmental problems and neurologic deficits (1, 2).

Micronutrient deficiency, especially iron, vit-B12, and fo-
late, are the main causes of anemia. Vit-B12 participates
in the methylation reaction of homocysteine (Hcy) and
the conversion of methylmalonyl-CoA to succinyl-CoA.
With inadequate levels of Vit-B12, the methylation re-
action and the conversion of methyl-tetrafolate to its
active form (tetrahydrofolate) are disrupted, resulting in
functional folate insufficiency and macrocytic anemia.
The intracellular and circulating levels of Hcy, which is an
independent risk factor for atherosclerosis, are increased
with a lack of vit-B12 and folate, and several potentially
harmful effects of hyperHcy on the vascular endothelium
and bone metabolism have been demonstrated (3, 4).

Vitamin B12 deficiency is common in developed coun-
tries, especially in vegetarians, alcoholics, and the geri-
atric population (1). Although some researchers have
demonstrated the relationship between low folate and
Vit-B12 levels and some chronic diseases in childhood,
studies about the effects of low vit-B12 and folate on
general health status in children and adolescents, and
reference values are not certain, unlike in adults (5). Na-
tional surveys investigating the prevalence of vit-B12 and
folate deficiency in childhood and adolescence have
shown different results in different parts of the world (6,
7). Thus, it should be noted that cultural and nutritional
attitudes of populations in different parts of the world are
influential on vit-B12 and folate concentrations.

Iron is an essential micronutritient for almost all living
organisms with participating oxygen transport, deoxyri-
bonucleic acid (DNA) synthesis, electron transport, and
hematopoiesis, and is the most frequently seen nutrition-
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al deficiency in the world according to the World Health
Organization (WHO), and its effects on the central ner-
vous system, such as the metabolic function of the brain
and roles in myelin synthesis, enhance its importance in
general health (8). Cognitive, social, and emotional dis-
turbances have been reported in adolescence due to
iron deficiency (9). According to the recommendations
of American Academy of Pediatrics, anemia screening in
children is recommended to be performed with hemo-
globin (Hb) measurement at the age of 1 year, because
of the low sensitivity and specificity of Hb, the WHO rec-
ommends to use ferritin with Hb in the determination of
iron deficiency (10).

In this cross-sectional study, our purpose was to evaluate
the effects of age, sex, and socioeconomic status on con-
centrations of vit-B12, folate, iron, and ferritin through
the pediatric age span, and to show the relationship of
these nutrients with blood count parameters such as Hb,
hematocrit (Hct), mean corpuscular volume (MCV), and
red cell distribution (RDW).

MATERIALS AND METHOD

Study population

Thirty thousand five hundred and ninety-four venous
blood samples from residual material of the Istanbul
Public Health Laboratory workflow comprised our study
group (54.5% of girls and 45.5% of boys; mean age:
12.1+4.3 years). The study group was stratified according
to age groups; group |: 1-6 years (n=3,870), group II: 7-12
years (n=11,019), and group lll: 13-18 years (n=15,615).
Blood samples were collected into serum separator
tubes (SST, Becton Dickinson, Plymouth, UK), centrifuged
for 10 minutes at 2000 g and the supernatants were used
for serum vit-B12, folate, ferritin, iron and total iron-bind-
ing capacity (TIBC) measurements. For the complete
blood count (CBC), venous blood samples collected
into K2-EDTA anti-coagulated tubes (Becton Dickinson,
Plymouth, UK) were used, and Hb, red blood cells (RBC),
MCV, RDW levels were measured. All the parameters
were studied on the same day within three hours. Fasting
was not required for these analyses because the majority
of our study group was children.
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Our study included healthy children and adolescents be-
tween 1 year to 18 years of age. Children with a history of
acute or chronic illnesses or type 1 diabetes, celiac dis-
ease, renal or liver disease and those using any medica-
tions were excluded.

The current thresholds recommended by the WHO were
used for serum ferritin, folate, and vit-B12, which are lower
than 12 ng/mL, 4 ng/mL, and 148 pg/mlL, respectively (10).
Socioeconomic status was defined according to the
classification of the Human Developmental Index, which
includes the seven main indices (Governance, Social In-
clusion, Economic Status, Education, Health, Social Life,
Municipal Environmental Performance and Transporta-
tion) in 39 districts of Istanbul (11). The study group was
stratified in three groups according to SES classification;
group A; high human development, group B; medium
development group C; low development group.

The study protocol was approved by the Ethics Commit-
tees of the Istanbul University, Istanbul Faculty of Med-
icine (Date: 25.2.2020, No: 332). Informed consent was
received from the families of the participants.

Methodology

The CBC was analyzed using a Sysmex XE 2100 analyzer
(Sysmex Corp. Kobe, Japan). Serum ferritin, folate, and
vit-B12 levels were measured using a Beckman Coulter
DXI 800 (Beckman Coulter, USA) with a sandwich immu-
noenzymatic method, and serum iron and TIBC were
determined using an AU5800 analyzer with colorimetric
method. The precision results for vit-B12, folate, and fer-
ritin were 2.3%, 5.0%, and 4.5%, respectively. The coeffi-
cient of variation (CVs) values of the hematologic param-
eters were lower than 2.0%.

Statistical analysis

The data were analyzed using the SPSS 21 software (SPSS,
Chicago, IL, USA). The results are expressed as mean +
standard deviation (SD). The normality of data distribu-
tion was evaluated using the Kolmogorov-Smirnov test.
The Chi-square (y?), Kruskal-Wallis, and a post-hoc anal-
ysis using the Mann-Whitney U-test was used for the
variables distribution that was not normally distributed,
and a student-t test was used for the variables distribu-
tion that was normally distributed . Correlation analyses
were performed using the Spearman test. Binary logistic
regression was used to evaluate the variables affecting
the risk of iron, vit-B12, and folate deficiencies. Statistical
significance was defined as p<0.05.

RESULTS

Table 1 presents the descriptive characteristics of the
study group. When the CBC parameters were compared
in all age groups of the girls and boys, the Hb, Hct, MCV,
and RDW levels were significantly different between the

age groups; the Hb and Hct concentrations were the
highest in boys aged 13-18 years (p<0.001). The Hb and
Hct levels of boys aged 13-18 years were also significantly
higher than those of girls in the same age group (14.5+1.2
vs. 12.6+£1.2 g/dL and 43.0+3.1 vs. 38.4+2.9%, p<0.001 for
both). The results of other CBC parameters, MCV, and
RDW in 1-6 years, 7-12 years and 13-18 years age groups
were significantly different in both sexes across the age
groups of both sexes (p<0.001 for all).

The prevalence of iron deficiency was 12.3% and 4.2%
for the girls and boys, respectively. When we investigat-
ed through the age groups, the prevalence was 17.3%
and 4.6% for the 13-18 years’ age group, 4.0% and 1.5%
for the 7-12 years' age group, and 4.9% and 7.3% for the
1-6 years' age group, respectively. The prevalence of iron
deficiency anemia in the 7-12 years’ and 13-18 years’ age
groups were found significantly different between the
boys and girls (p=0.009, p<0.001, respectively).

When the serum vit-B12, folate, iron, and ferritin levels
were evaluated, the serum B12, folate, iron, and ferritin
concentrations were significantly different through the
age groups of girls and boys (p<0.001, for all). Serum
iron, TIBC, and ferritin levels were also different between
girls and boys in the 7-12 years’ age group (p=0.033,
p=0.011, p<0.001, respectively), and in the 13-18 years'’
age group (p<0.001, for all). However, the serum folate
and vit-B12 concentrations showed a decrement across
the age groups. Vit-B12 and folate levels were significant-
ly lower in boys and girls aged 13-18 years compared with
the other age groups (p<0.001, in all age groups)

The prevalence of serum vit-B12 deficiency in all study
groups was 27.1% and 28.3% for the girls and boys. When
we investigated through the age groups, the prevalence
of B12 deficiency was 36.1% and 43.1% for the 13-18
years’; 15.3% and 16.5% for the 7-12 years’ age and 7.2%
and 9.7% for the 1-6 years’ age group for girls and boys
respectively, and the differences were significant be-
tween the age groups (p<0.001, for all). The prevalence
of serum folate deficiency in all study groups was 6.0%
and 6.8% for the girls and boys, respectively. Across the
age groups; the prevalence of folate deficiency was 8.7%
and 12.7% for the 13-18 years' age group, 0.7% and 1.3%
for the 7-12 years’ age group, and 0.9% and 0.4% for the
1-6 years’ age group, and significant differences were ob-
tained between the age groups (p<0.001, for all).

Ten thousand nine hundred six subjects (35.8) were in
high SES, 16,641 (61,1%) was in medium SES, and 937
(3.1% ) was low SES. When we compared the metabolite
levels according to SES, in 1-6 years of age; the Vitamin
B12 and MCV levels were different between high and
medium SES (p=0.004, p=0.019, respectively), RDW was
different between low and high SES (p=0.034). In 7-12
years of age, ferritin, Hgb, RDW and Vitamin B12 levels
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altered significantly, (p=0.029, p=0.001, p=0.002, p<001)
between high and medium SES, and however the differ-
ences in Hgb and Vitamin B12 levels were also different
between medium and low SES (p=0.020, p<0.001) to-
gether with Hct. However, beside Hgb, Vitamin B12 and
ferritin (p=0.006, p=0.001 for Vit-B12 and ferritin), serum
iron, TIBC levels showed a significant difference between
high and medium SES (p<0.001 for both). The variables
affecting the risk of iron and vit-B12 deficiencies were
evaluated using binary logistic regression analysis and
are presented in Table 2. Girls had a 2.8-fold increased
higher risk compared with boys, and increased age was

associated with a 2.0-fold higher risk associated with iron
deficiency. For vit-B12 deficiency, boys had a 1.2-fold
higher risk, and increased age was associated with a 1.8-
fold higher risk in the 7-12 years’ age group; however,
the risk increased 5.9-fold in the 13-18 years’ age group.
For folate deficiency, boys had a 1.5-fold higher risk, and
increased age was associated with a 20.7-fold higher risk
in 13-18 years' age group; however, the risk was 1.8-fold
for the 7-12 years’ age group. No associations were ob-
tained regarding SES and iron and folate deficiencies.
Only lower SES was associated with a 1.4-1.8 times higher
risk for vit-B12 deficiency.

Table 2: Evaluation of factors associated with the risk of iron deficiency anemia (IlA) and serum vit-B12 (IIB)

Table 2A: Predict independent variables for the iron deficiency anemia

95% ClI
B Wald df P Odds ratio Lower Upper

Age groups

1-6 years (reference)

7-12 years -0.796 40.451 1 <0.001 0.451 0.353 0.577

13-18 years 0.742 78.341 1 <0.001 2.099 1.781 2.474
Gender

Male (reference)

Female 1.015 67.100 1 <0.001 2.759 2.164 3.518
Socioeconomic status

A (reference)

B 0.034 0.075 1 0.7840 1.035 0.81 1.32

C 0.091 0.157 1 0.6918 1.095 0.698 1.719
Table 2B: Predict independent variables for the vitamin B12 deficiency

%95 Cl
B Wald df P Odds ratio Lower  Upper

Age groups

1-6 years (reference)

7-12 years 0.576 84.633 1 <0.001 1.779 1.574 2.012

13-18 years 1.774 950.833 1 <0.001 5.896 5.267 6.600
Gender

Female (reference)

Male 0.144 12.469 1 <0.001 1.154 1.06 1.25
Socioeconomic status

A (reference)

B 0.300 50.385 1 <0.001 1.350 1.243 1.467

C 0.561 19.371 1 <0.001 1.753 1.365 2.250

Hosmer&Lemeshow Model y? (6)=36.822, p<0.001 for iron deficiency and y? (6)=13.633, p=0.034 for vit-B12.
Variable(s) entered on step 1: Age groups, gender and socio-economic status.
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Correlation analyses were conducted in the children
and significant correlations between age and the fol-
lowing parameters: Hb (r=0.535, p<0.001), Hct (r=0.409,
p<0.001), MCV (r=0.535, p<0.001), RDW (r=-0.142,
p<0.001). Additionally, age was correlated with folate
(r=-0.480, p<0.001), vit-B12 (r=-0.377, p<0.001). Signif-
icant correlations also existed between Hb and MCV
(r=-0.393, p<0.001), Hb and RDW (r=-0.374, p<0.001).

(A)
Prevalances of iron deficiency anemia (26)
iz p<0.001
16
14 p<0.001
12
10
‘ 7
[
/ p=0.00% .
. -
Total 1-6 years 7-12 years 13-18 years
W Female # Male
(B)

Prevalances of Vitamin B12 deficiency (%)

p=0.027
1
]

Total 1-6 years 7-12 years 13-18 years
EFemale = Male
Prevalances of folat deficiency (%)
20
18
16
14 p=0.003

&\\\\\\\\\\\\\&

—

7-12 years 13-18 years

BFemale Male

Figure 1: Prevalence of (A) iron deficiency (B) Vit-12 deficiency
(C) folate deficiency in Turkish children aged 1-18 years. Mann
Whitney U test was used for significance; p<0.05.

DISCUSSION

Folate and vit-B12 are essential throughout life, especially
in childhood and adolescence because many metabolic,
hormonal, and developmental changes take place phys-
iologically during these periods. The reference values of
childhood and adolescence due to hormonal changes,
healthy growth, and metabolic roles in those periods are
of great importance.

In this study, blood concentrations of serum vit-B12,
folate, iron, and ferritin were measured to establish ref-
erence intervals in children and adolescents aged 1-18
years. Although ferritin concentrations are recommend-
ed as the single best indicator to evaluate the body’s
total iron status by the WHO, interfering factors such as
inflammation that cause falsely increased ferritin results
should not be neglected (12). In the present study, the
Hb, Hct, MCV, and RDW levels were found significantly
different across the age groups in girls and boys. The
iron, TIBC, and ferritin levels were also lower in girls aged
in 7-12 and 13-18 years' age groups compared with the
same age groups of boys. Consequently, boys aged 13-
18 years have higher Hb and Hct levels than girls, and
the prevalence of iron deficiency in girls was higher than
in boys in this age group (17.3% vs. 4.6%), However, the
girls aged 7-12 years also had higher iron deficiency rates
than the same age group of boys depending on the be-
ginning of menarche. The ferritin levels of girls showed
an approximately 22% decrease in the 13-18 years’ age
group compared with the 7-12 years' age group, and an
approximately 30% increase was seen in boys between
the same age groups. In Spanish and South-East Asian
adolescents, a higher prevalence of iron deficiency was
reported compared with our results (13, 14). Studies of
Turkish children reported that the iron deficiency rate
was between 15.7% and 28%, higher in girls than in boys;
however, the rate was higher in boys compared with girls
early in life (15, 16). According to our findings, the lower
ferritin levels were obtained compared to the results of
the National Health and Nutrition Examination Survey
(NHANES), and Korean NHANES (2010-2012) (17, 18).
In the Korean NHANES study, the higher ferritin results
were reported in boys than girls in all age groups, in ac-
cordance with our findings (18). In general, adolescents
have a greater risk of iron deficiency due to an increased
requirement for iron, a poor dietary intake of iron, a high
rate of infection, and malabsorption due to parasitosis
of the gastrointestinal tract (19). The low ferritin levels in
adolescent girls can be attributed to the onset of men-
arche, and dietary habits such as low food and/or energy
intake compared with boys. When we evaluated the iron
and ferritin levels depending on the SES levels, the iron
and ferritin levels of children from the highly developed
region were found significantly higher compared with
those of medium developed regions.
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According to our study results, we found significant
age-related decreases in serum vit-B12 and folic acid
levels, and these alterations in both vitamin levels may
be associated with the higher requirements of vitamins
due to the increased metabolic demands of growing and
developing children (20). There are previous studies sup-
porting the relation of accelerated metabolism with low-
er vit-B12 and folate levels and less intake of folate-rich
foods in the adolescence period (5). Therefore, similar
age and sex-related declines in vit-B12 and folate levels
were also reported by a previous study (21). In our study,
the serum vit-B12 levels of girls were higher than boys in
the 1-6 years' and 13-18 years’ age groups (5), however,
the serum folate levels of girls were only higher in the
13-18 years’ age group compared with their peer group.
But the results of the other age groups were similar (5).
Although the folate levels obtained in our study were in
agreement with the results of previous studies, we ob-
tained lower vit-B12 levels in Turkish children than their
peers; higher serum vit-B12 levels have been reported,
especially from European-based population studies (5,
22-24). However, similar serum vit-B12 results were re-
ported in a study from Turkey (25).

Studies reported that folate deficiency due to a de-
creased intake was seen more frequently in developing
and socioeconomically distressed countries (26). When
we investigated the effect of SES on vit-B12 and folate
concentrations, it was found that the risk of vit-B12 defi-
ciency increased 1.8 times with decreased SES. Howev-
er, no significant effects on folate levels were observed.
Similarly, the serum vit-B12 levels of children from highly
developed regions were significantly higher than those of
middle and poorly developed regions.

According to our results, the prevalence of vit-B12 de-
ficiency was 27.1% and 28.3%, and 6.0% and 6.8% for
folate, girls and boys, respectively. The highest defi-
ciency rate for vit-B12 was obtained in the 13-18 years’
age group with 36.1% and 43.1% in girls and boys, and
the highest rate for folate deficiency was 12.7% in boys
during adolescence. Studies reported that the folate de-
ficiency rate was 15% at cut-off levels of 4.5 ng/mL for
adolescents (22, 23). Also, studies documented similar
or higher deficiency rates for vit-B12 compared with our
findings (24-27). In a cross-sectional study performed in
urban and rural parts of Turkey in adults, the prevalence
of vit-B12 and folate deficiency were reported as 27.4%
and 4.6%, the highest being in the southern part and the
lowest in western parts of Turkey (28). These changes
were associated with socioeconomic factors and regional
dietary habits in different regions of Turkey (28).

In some countries, mandatory folate and vit-B12 fortifica-
tion is recommended to support the metabolic effects of
these vitamins. Vit-12, Hcy and folate status are consid-

ered to be important for the follow-up of cardiovascular
disease development and Hcy is an independent risk fac-
tor. In our previous study, strong associations were report-
ed between vit-B12 and folate deficiencies and hyper-
tension (28). In North America, studies showed that the
fortification of flour with folic acid made a significant con-
tribution to public health, and decreased mortality rates
were reported due to complications of CVD, especially in
subjects with preexisting CVD or renal disease (29-31).

This study has some limitations and strengths. The
strengths of our study are its large sample size with al-
most equal numbers of both sexes in all age groups.
Nevertheless, the lack of detailed information about sub-
jects including the weight, height, and nutritional habits
are the most important limitations of the study.

CONCLUSION

The results of this study are important in that the monitor-
ization of serum ferritin, vit-B12, and folate levels great-
ly contribute to clinical practice because of the roles of
vit-B12, folate, and iron in mental, emotional, and met-
abolic development. It is also of great value to monitor
whether dietary intakes of vit-B12 and folate are at the
required level to protect future generations from CVDs.
In conclusion, mandatory fortification of cereals with iron,
folic acid, and/or vit-B12 might be beneficial for public
health in preventing the deficiencies of these nutrients
and intercepting their adverse effects on general health.
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