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ABSTRACT

Objective: Although anemia is frequently seen in children, there isn’t adequate number of study related 
with this issue. In this study, we aimed to investigate iron, folate and vitamin B12 status in children and 
adolescents in a single center in the Aegean region of our country.
Method: We retrospectively evaluated the children without chronic disease who were admitted to our 
hospital between 2008-2016 (n=7310). Ferritin, iron and iron binding capacity were measured by Olympus 
2700 analyzer. Folate and vitamin B12 were measured using Immulite 2000 and Cobas E411 analyzer, 
respectively. MCV and hemoglobin were measured with Beckman Coulter LH750. Kruskal-Wallis and 
Mann-Whitney U tests were used for comparison between groups.
Results: Children (2743 boys, and 4567 girls) aged between 1-18 years old were screened. The percentage 
of iron, folate, vitamin B12 and combined iron and vitamin B12 deficiencies were found to be 21.7%, 8%, 
16.9%, and 4.7% respectively, while 18.8% of all children were in the anemic group. The incidence of com-
bined iron and vitamin B12 in anemic group was found to be high (10.2%), although anemic and non-
anemic groups were similar with respect to vitamin B12 and folate deficiencies. 
Conclusion: Iron deficiency may mask the megaloblastic anemia caused by vitamin B12 and folate defici-
ency. Effective preventive social nutrition programs may be useful in preventing anemia.
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ÖZ

Amaç: Anemi çocuklarda sık görülmekle birlikte, bu konuda yeterli çalışma bulunmamaktadır. Bu çalışma-
mızda, ülkemizin Ege bölgesindeki tek merkezde çocuk ve ergenlerde demir, folat ve B12 vitamini durumu-
nu araştırmayı amaçladık.
Yöntem: 2008-2016 yılları arasında hastanemize başvuran, kronik hastalığı olmayan (n=7310) çocuklar 
retrospektif olarak değerlendirildi. Ferritin, demir ve demir bağlama kapasitesi Olympus 2.700 analizörün-
de; folat ve vitamin B12 ise sırasıyla Siemens Immulite 2000 ve Roche Cobas E 411 analizörü ile ölçülmüş-
tür. MCV ve hemoglobin Beckman Coulter LH 750 hematoloji cihazında analiz edildi. Gruplar arası karşı-
laştırmada, Kruskal-Wallis ve Mann-Whitney U testi kullanıldı.
Bulgular: Yaşları 1 ile 18 arasında olan çocuklar (2743 erkek ve 4567 kız) tarandı. Çocuklarda demir, folat 
ve B12 vitamin eksiklikleri sırasıyla %21,7, %8 ve %16,9, kombine demir ve vitamin B12 eksikliği %4,7 
bulundu. Tüm çocukların %18,8’i anemik grupta bulunuyordu. Anemik olan ve olmayan grupta vitamin 
B12 ve folat eksikliği yüzdeleri benzer olmasına rağmen, anemik grupta kombine demir ve vitamin B12 
insidansı yüksek (%10,2) bulundu.
Sonuç: Demir eksikliği, B12 vitamini ve folat eksikliği nedeniyle oluşan megaloblastik anemiyi maskaleye-
bilir. Aneminin önlenmesinde, etkili koruyucu toplumsal beslenme programları yararlı olabilir.

Anahtar kelimeler: Anemi, demir eksikliği, folat eksikliği, B12 vitamin eksikliği, makrositoz
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INTRODUCTION

One of the most important health problems in 
childhood is nutritional anemia which is the result of 
malnutrition. Nutritional anemia is an important 
health problem because of the negative effects on 
children’s mental and physical development. The 
vast majority of nutritional anemias are iron defici-
ency (IDA) and vitamin B12 deficiency anemias. IDA 
is a result of reduction of red blood cell production 
due to low iron stores in the body. IDA can occur due 
to inadequate iron intake, decreased iron absorpti-
on, increased iron demand because of increased iron 
loss (1). In many low-, and middle-income countries 
the prevalence of IDA among children ranges from 
approximately 35 to 90% (2,3).

Vitamin B12 is produced by microorganisms and 
it is only found in clams, liver, fish, crab, cheese, 
eggs, low-fat beef and low-fat dairy. This vitamin is 
involved in protein, DNA and myelin synthesis. It has 
a cobalt atom and also named as cobalamin. There 
are some biomarkers for detection of cobalamin 
deficiency including red blood cell mean corpuscular 
volume (MCV), plasma holo transcobalamin, serum 
cobalamin, serum methylmalonic acid and serum 
homocysteine. Vitamin B12 deficiency causes mega-
loblastic anemia characterized with formation of big 
and immature erythrocytes and neurological mani-
festations (4-6). Vitamin B12 deficiency is more frequ-
ent in population with a poor or inadequate intake of 
foods containing vitamin B12, in patients with intes-
tinal parasitosis or helicobacter pylori infections and 
in older adults with atrophic gastritis (due to lack of 
intrinsic factor production). Strict vegetarian diets 
may be associated with vitamin B12 deficiency (7). In 
non-vegetarian populations, one of the most com-
mon causes of vitamin B12 deficiency is Imerslund-
Grasbeck syndrome, a specific malabsorption of 
vitamin B12 (8).

Folate is a water-soluble B vitamin involved in 
nucleic acid, blood cells and nervous tissue synthe-
sis. Folate is found in vegetables (8). The lack of ele-
ments that cause nutritional anemia, may also cause 
gene expression abnormalities, immunological and 
psychological mental disorders (10-12). The number of 

studies about adolescent anemia including vitamin 
B12 and folate deficiency are very limited in Turkey 
(13). In this study we aimed to investigate the iron, 
folate and vitamin B12 status in children and adoles-
cents in a single center study performed in the 
Aegean region of Turkey.

MATERIAL and METHODS

The children admitted to our hospital between 
2008-2016, aged between 1 to 18 years old without 
any chronic disease were investigated retrospecti-
vely. The study included 7310 children, who required 
analysis of vitamin B12, folate, ferritin, iron, iron bin-
ding capacity levels and complete blood counts. The 
study included patients who were admitted to pedi-
atric clinics for routine control. Patients with any 
known chronic disease, including neutropenia, 
thrombocytopenia, pancytopenia, infections, conti-
nuous drug treatment, hospitalization and/or blood 
and blood product transfusions within one year 
were not included in the study. The study was appro-
ved by the hospital ethics committee.

 The hospital is located in a low-income area of 
the city and the children referred to the hospital 
generally belong to low socio-economic groups. The 
results of 7310 children were included in the analy-
sis. After first examination by a pediatrician, all the 
serum samples were drawn into gel separator tubes 
ie. Vacutainer SST II (Advance, Becton Dickinson) for 
analyses of serum vitamin B12, folate, ferritin, iron, 
iron binding capacity and Vacutainer K3EDTA, 
(Advance, Becton Dickinson) for complete blood 
count between 08.00 and 08.30 a.m. after a 12-hour 
fasting. The blood samples were allowed to clot and 
then centrifuged at 3000 rpm for 10 minutes at room 
temperature. Measurements of serum vitamin B12, 
folate, ferritin, iron, iron binding capacity levels, 
complete blood counts were performed using simul-
taneously drawn blood samples. Laboratory data 
were collected from the hospital information 
system. 

Ferritin levels were measured by immunoturbidi-
metric method; iron and iron binding capacity were 
measured using Olympus 2700 analyzer. Serum fola-
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te and vitamin B12 levels were measured by chemi-
luminescent immunoassay using an Immulite 2000 
immunoassay analyzer (Siemens, Llanberis, United 
Kingdom) and Cobas E 411 analyzer (Roche 
Diagnostics, Mannheim, Germany). MCV and hemog-
lobin were measured with LH 750 hematology analy-
zer (Beckman Coulter, Miami, FL, USA).

Children were grouped into three age groups as 
1-5, 6-11, and ≥ 12 years. Vitamin B12 and folate 
levels below 200 pg/ml and 4 ng/ml were accepted 
as vitamin B12 and folate deficiency, respectively. 
Serum ferritin levels below 12 ng/ml were conside-
red iron deficiency anemia (14).

According the World Health Organization (WHO), 
serum vitamin B12, and folate levels of less than 203 
pg/ml and 4 ng/ml, were accepted as cut-off values 
for vitamin B12, and folate deficiencies respectively 
(15). Anemia and macrocytosis according to age gro-
ups were evaluated as shown in Table 1 (16-18). 

Statistical methods
Statistical analysis was performed using the 

Statistical Package of Social Science (SPSS), Version 
15.0 (SPSS, Inc., Chicago, IL, USA). Data were expres-
sed as median (interquartile range, 25-75 percenti-
le). Kruskal-Wallis and Mann-Whitney U tests were 
used for comparison between groups. Analyses were 
considered significant at p<0.05.

RESULTS

Children (n=7310) (2743 boys and 4567 girls) 
aged between 1 to 18 years were screened. The 
median (25-75 percentile) serum vitamin B12 and 

folate concentrations were 319 (230-462) pg/ml and 
8.0 (5.8-11.3) ng/ml in the study group, respectively. 
Laboratory parameters were shown in Table 2. Of 
the study population, 18.8% were anemic group. 
MCV, RBC and iron levels in the anemic patient group 
were lower than those in the non-anemic group.

Of the study population, vitamin B12 deficiency 
was found in 16.9% (1238/7310), folate deficiency in 
8% (585/7310), iron deficiency anemia in 21.7% 
(1588/7310) and combined iron and vitamin B12 
deficiency in 4.7% (342/7310) of children (Table 3). 
The incidence of combined iron and vitamin B12 was 
higher in the anemic group (10.2%), while vitamin B 
12 and folate deficiencies were similar in both gro-
ups (Table 3). Iron, folate and vitamin B12 status in 
anemic and nonanemic patients were shown in 
Figure 1. The children were grouped according to 
age groups as follows: 1-5 years (n=1851: 25.3%); 
6-11 years (n=1610: 22.0%), and ≥ 12 years (n=3849: 
52.6%), respectively. Girls consisted 72% of the pati-
ents in the group older than 12 years was while gen-

Table 1. Hemoglobin and MCV values by age and sex.

Age

1 year
2 to 3 years
4 to 6 years
7 to 10 years
11 to 14 years
female
male
15 to 18 years
female
male

Hemoglobin
 Lower limit 

(g/dL)

11
11

11.7
12

12,3
12,6

11.5
13.7

MCV
Lower limit

(fL)

71
74
77
78

80
80

81
81

MCV
Upper Limit

(fL)

89
89
91
91

94
94

96
96

Table 2. Laboratory results of patients [median (25-75 percentile)].

Variable

Hemoglobin (g/dl)                                                                              
MCV (fl)                                                                                           
RBC (x106/μl)                  
Ferritin (ng/ml)                                                                                
Folate (pg/ml)                                                                                     
Vitamin B12 (pg/ml)                                                                       
Iron (U/L)                                                                                          
Iron binding capacity (µg/dl)

All patient  group
(n=7310)

12.5 (11.7-13.4)
81.8 (77.8-85.7)

4.6 (4.3-4.9)
26.2 (17.0-41.8)

8.0 (5.8-11.3)
319 (230-462)

65 (41-92)
297 (258-342)

Anemic patient group     
(n=1376)

10.5 (10.0-10.8)
75.1 (69.2-79.7)

4.3 (4.0-4.6)
23.3 (13.4-43.2)
10.5 (7.2-15.0)
362 (250-527)

38 (22-64)
307 (261-367)

Nonanemic patient group
(n=5934)

12.7 (12.0-13.5)
82.6 (79.0-86.1)

4.6 (4.4-4.9)
27.0 (17.0-41.3)

7.7 (5.7-10.8)
314 (228-452)

69 (45-95)
296 (257-338)
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der distribution was approximately equal in the 
other age groups. The highest prevalence of iron, 

vitamin B12 and folate deficiency were observed 
among children aged 12-18 years (Table 4).

Nutrient deficiencies by morphologic type of ane-
mia were shown in Table 5. Macrocytosis was found 
in 12 children with vitamin B12 deficiency. 

When hemoglobin, ferritin, vitamin B12 and fola-
te were examined by gender in all study groups, 
there was a difference between boys and girls in 
ferritin only in the group aged between 12-18 years, 
while other parameters were similar in all age groups 
(Table 6). When all values were compared between 
the groups, there was no difference between ferritin 
levels in only 1-5, 6-11 year-old girls, but there was a 

Table 3. Characteristics of children and adolescents.

Gender		  Girls
			   Boys
Iron deficiency (Ferritin <12 ng/mL)
Vitamin B12 deficiency (Vitamin B12 <200 pg/mL)
Folate deficiency (Folate <4 ng/dL)
Combined iron and vitamin B12 deficiency  

All patient group        
N (%)

4567 (62.5)
2743 (37.5)
1588 (21.7)
1238 (16.9)

585 (8)
342 (4.7)

Anemic patient group      
N (%)

900 (65.4)
476 (34.6)
656 (47.7)
229 (16.6)
108 (7.8)

141 (10.2)

Nonanemic patient group         
N (%)

3667 (61.8)
2267 (38.2)
932 (15.7)

1009 (17.0)
477 (8.0)
201 (3.4)

Table 4. Characteristics of children and adolescents by age groups.

Age group (years)

Gender		  Girls
			   Boys
Total
Anemia
Iron deficiency (Ferritin <12 ng/mL)      
Vitamin B12 deficiency (Vitamin B12 <200 pg/mL)             
Folate deficiency (Folate <4 ng/dL)                              
Combined iron and vitamin B12 deficiency

1-5 
N (%)

898 (48.5)
953 (51.5)

1851
672 (36.3)
277 (14.9)
152 (8.2)
13 (0.7)
27 (1.4)

6-11 
N (%)

853 (52.9)
757 (47.1)

1610
101 (6.3)
148 (9.2)
144 (8.9)
31 (1.9)
13 (0.8)

12-18 
N (%)

2816 (73.2)
1033 (26.8)

3849
603 (15.6)

1163 (30.2)
942 (24.5)
541 (14.1)
302 (7.8)

Table 5. Distribution of micronutrient deficiencies by morphologic type.

Morphologic type

Microcytosis
Normocytosis
Macrocytosis
Total

Iron  
N (%)

421 (26.5)
1167 (73.4)

0
1588

Folate
N (%)

77 (13.1)
506 (86.4)

2 (0.3)
585

B12 vitamin 
N (%)

145  (11.7)
1081 (87.3)

12 (0.9)
1238

Combine 
N (%)

99 (28.9)
243 (71.0)

0
342

Iron  
N (%)

379 (57.7)
277 (42.3)

0
656

Folate
N (%)

64 (59.2)
44 (40.8)

0
108

B12 vitamin 
N (%)

113 (49.3)
108 (47.2)

8 (3.5)
229

Combine 
N (%)

89 (63.1)
52 (36.9)

0
141

All patient group

Micronutrient deficiencies

All patient group

Micronutrient deficiencies

Figure 1. Iron, folate and vitamin B12 status in anemic and 
nonanemic patients.

Non-anemic Anemic

3.4%
10.2%

8%
7.8%

17%
16.6%

15.7%
47.7%

Combined iron and vitamin B12 deficiency

Folate deficiency

Vitamin B12 deficiency

Iron deficiency
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significant difference as for other values in all age 
groups (p<0.001).

DISCUSSION

In underdeveloped and developing countries, 
anemia is common in children and elderly populati-
on. Limited studies have reported the presence of a 
coexistence of folate and vitamin B12 deficiency 
along with iron deficiency anemia (19). Different studi-
es with school- age children conducted in our country 
have showed that iron deficiency was a major prob-
lem, but there has not been sufficient information 
about vitamin B12 and folate deficiencies (13).

In the current study respective percentages of 
children had anemia (18.8%), iron (21.7%), vitamin 
B12 (16.9%), folate (8%) and combined iron and vita-
min B12 (4.7%) deficiencies. Considering the age 
groups, the highest prevalence of anemia was obser-
ved in children between ages 12 to 18 years. In this 
age group the prevalence of iron, folate and vitamin 
B12 deficiencies were also higher than other age 
groups.

In Denizli province in Turkey, Balci et al. examined 
1120 children between ages 12 and 16 years,detected 
anemia in 63 (5.6%) of them Of the anemic children 
59% had iron or combined iron, and 41% of them 
vitamin B12 deficiency anemia (20). Another study 
found that the prevalence of iron deficiency anemia 

in Iranian children and adolescents was 7.9% in 
males and 8.5% in females (21). Since these tests were 
requested from the ambulatory patients who were 
thought to have anemia in our hospital, in our study; 
the prevalence rates of iron, vitamin B12 and folate 
deficiencies may be higher compared to similar stu-
dies.

The pubertal period, in which fast growth and 
development is at a maximum is the period when 
most of the nutrients especially iron is needed. One 
of the most important reasons for increasing the 
frequency of anemia in this age group may be the 
onset of menarche in girls. In our study, approxima-
tely half of the children and adolescents between 
the ages of 12 and 18 years in all groups and about 
2/3 of this group consisted of girls. In our study, con-
sidering that girls comprised the majority of the 
12-18 year-old group having higher rates of anemia, 
menstruation may be considered to be the most 
important cause of anemia, as well as inadequate 
and unbalanced nutrition.

In a study conducted in Mexico, among 11685 
children aged 1-6 years of age, the prevalence of 
vitamin B12 and folate deficiencies were 7.7% and 
3.2%, respectively (9).

In a study conducted with children under 5 years 
of age in India, the overall prevalence of cobalamin 
and folate deficiency was found to be 38.4% and 
63.2%, respectively (22). 

Mann-Whitney U testi 
a1-5 and 6-11, b1-5 and 12-18, c6-11 and 12-18 years.

Table 6. Age and gender distribution of average Hb, ferritin, vitamin B12, and folate levels among studied children and adolescents 
[median (25-75 percentile)].

Variables

N

Hb

Ferritin

Vitamin B12

Folate

1-5  
         

896
949

11.6 (10.9-12.2)
11.5 (10.9-12.1)
27.4 (18.1-42.8)
24.0 (16.7-38.5)
417 (297-607)
432 (304-620)
13.3 (9.8-18.4)
12.9 (9.5-17.4)

6-11

853
757

12.6 (12.0-13.1)
12.6 (12.0-13.3)
29.0 (20.0-40.3)
30.8 (20.1-45.3)
375 (274-504)
358 (267-495)
9.1 (7.1-11.2)
8.8 (6.7-11.1)

12-18

2812
1032

12.7 (12.0-13.4)
14.2 (13.3-15.1)
21.0 (13.0-33.0)
37.8 (23.0-59.1)
270 (205-364)
255 (193-341)
6.3 (4.8-7.95)
6.2 (4.7-8.1)

Gender

Female
Male
Female
Male
Female
Male
Female
Male
Female
Male

P value

<0.001a,b,c

<0.001a,b,c

0.4a, <0.001b,c

<0.001a,b,c

<0.001a,b,c

<0.001a,b,c

<0.001a,b,c

<0.001a,b,c

Age group (years)
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In another study conducted in India with, and 
without breastfed breastfed children aged 6 to 30 
months (n=2482) the folate levels were higher and 
cobalamin levels were lower in breastfed children 
(23). Another study found that the prevalence rates of 
anemia in school-age children in Mexico and 
Colombia were 11.6% and 4.2%, respectively. The 
prevalence of anemia in adolescent girls in the USA 
was 3.6% (24).

In our study, the prevalence of anemia in the pre-
sence of folate deficiency was 8%. One of the reasons 
of lower prevalence of folate deficiency anemia is that 
we used 4 ng/dl as its cut-off value. Also folate is 
ingested in the diet in many different types of food. 
Folate is available in a wide variety of food groups. 
Approximately one third of dietary folate is estimated 
to come from cereals and grains, another third from 
fruits and vegetables, and the last third from meats 
and fish. In Aegean region of Turkey, vegetable and 
fish consumption are higher than the other part of 
Turkey. Another reason of folate deficiency is decrea-
sed ingestion especially in infants. Impaired absorpti-
on (eg, intestinal short circuits, celiac sprue, congeni-
tal malabsorption, certain drugs such as sulfasalazine), 
adverse drug interactions (eg, concomitant use of folic 
acid antagonists such as antiepileptic medications, 
sulfa antibiotics, or methotrexate), increased require-
ments (eg, pregnancy, infancy, hyperthyroidism, chro-
nic hemolytic disease, cancer) and increased loss (eg, 
hemodialysis) are other important causes of folate 
deficiencies (25). We excluded the patients with chronic 
disease and the patients < 1 year of age. These condi-
tions could be related in low prevalance of folate 
deficiency anemia. 

In megaloblastic anemia due to vitamin B12 defici-
ency, thrombocytopenia and leukopenia could be seen 
and also MCV value could be higher than normal.

Macrocytosis is one of the earliest indicators that 
can alert clinicians for the diagnosis of megaloblastic 
anemia. However, clinicians should be aware of cer-
tain coexisting conditions that may mask the mac-
rocytosis seen in megaloblastic anemia such as tha-
lassemia, iron deficiency and chronic illness. Under 
these circumstances, patients may present with nor-
mocytic or even microcytic anemia instead of typical 

megaloblastic anemia. In the diagnosis of megalob-
lastic anemia, MCV value should not be used alone 
(26), because iron deficiency may mask macrocytosis. 
Coexistence of vitamin B12 and iron deficiency ane-
mia with either normal or low MCV levels can lead to 
misdiagnosis (27,28). 

One of the most important findings of present 
study was that only 3.5% of anemic children with 
vitamin B12 deficiency have macrocytosis. 
Megaloblastic anemia due to deficiency of vitamin 
B12 is also present when there is no macrocytosis or 
when vitamin B12 is within normal limits (29). 

In a study conducted in India with 117 children, 
Bhatia and his colleagues reported that only 26 of the 
94 cases had macrocytosis. Mean corpuscular volume 
is an unreliable screening parameter for the diagnosis 
of macrocytic anemia, which is associated vitamin B12 
deficiency (30). In their study Balcı et al. (31) stated that 
MCV might be normal or decreased in case of mixed 
anemia which creates difficulties in diagnosis.

Consequently in our society, iron, vitamin B12 
and folate deficiencies are very common, especially 
among children aged between 12 and 18 years old. 
Complete blood count parameters may be insuffici-
ent to predict vitamin B12 and folate deficiencies. It 
is not clear whether iron deficiency anemia masks 
macrocytosis or vitamin B12 deficiency masks mic-
rocytosis. In these conditions the clinical symptoms 
of vitamin B12 deficiency should be considered and 
blood tests should be ordered with the possibility of 
early diagnosis and treatment. Thus, permanent 
neurological complications could be prevented in 
childhood. School-based programs to screen and 
treat children for iron, vitamin B12, and folate defici-
encies and anemia should be carried-out.

We have shown that anemia is a common prob-
lem in children and adolescents in our society. 
Despite of the limitations, our study had a large 
sample size. However, larger trials are needed that 
will take the nutritional status of the participants in 
consideration.

Limitations
Our study has many limitations. First of all, we 

have limited access to the patient information becau-
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se this is a retrospective study. Considering that the 
evaluation of iron profile, vitamin B12 and folate para-
meters may be desirable from the children who are 
thought to be deficient, use of a sampling method 
may be biased. We excluded the patients from the 
study with underlying chronic disease or those youn-
ger than 1 year old. However, undiagnosed acute 
disease could affect the parameters such as ferritin. 
Additionally, there was a risk for some patients with 
underlying yet unknown disease(s). The diagnosis of 
IDA was based on the ferritin level. Ferritin and iron 
are known to have circadian variations. The most 
important limitation in our study is the inability to 
investigate the nutritional status of children. Peripheral 
blood smear examination was not performed because 
of the retrospective design of the study. Our study did 
not consider the reticulocyte counts of the partici-
pants. Because of retrospective design of our study 
with long-term follow-up period (8 years), vitamin B12 
and folate levels were measured using different ins-
truments. Although the normal ranges were similar, 
the measurements should have been done using the 
same instruments. Use of different instruments yiel-
ded variations in results of analyses.
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