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Introduction 

Vitamin B12 (B12) is necessary for the development of the 

fetus and the child. The exogenous intake of this vitamin is 

essential for human species who could not synthesize B12 

(1). The vitamin is rarely found in food derived from 

plants; therefore, those following strict vegetarian diets are 

likely to have inadequate intakes of B12. Low B12 status 

may cause ineffective erythropoiesis because of the limited 

DNA synthesis due to inhibition of purine and thymidylate 

synthesis and this contributes to homocysteinemia and 

impairs the metabolic utilization of folate. As a result, B12 

deficiency may produce various hematological, 

mucocutaneous, gastrointestinal or neurological signs and 

symptoms. The hematological sign is megaloblastic 

anemia. However, hematologic and neurologic signs may 

not emerge   together all the time in B12-deficient subjects. 

In most deficient subjects, either anemia or neurologic 

signs predominate (2, 3). Folic acid (folate) is essential for 

normal embryonic growth and development.  

 

 

It is necessary to promote closure of the neural tube, defects 

of which result in malformations of the embryonic brain 

and/or spinal cord referred to as neural tube defects 

(NTDs). 

Folate is widely distributed among food, particularly the 

ones with plant foliar origin, has an important role in the 

production of new cells through its functions in the 

synthesis of purine and thymidylate that are required for the 

de novo synthesis of DNA, and DNA replication and cell 

division. Disruption of these functions impairs cell division 

and results in macrocytic anemia of folate deficiency (3,4). 

Ineffective DNA synthesis depending on the deficiency of 

B12 and/or folic acid might also affect the development of 

megakaryocytes, as reflected by abnormal large polylobate 

megaloblastic megakaryocytes with a lack of cytoplasmic 

granules.  

 

Abstract 

Objective: According to numerous studies, bicytopenia, pancytopenia, or isolated thrombocytopenia and anemia 

patients have folic acid (folate) and vitamin B12 (B12) deficiency. The purpose of this study is to analyze the effects of 

folate and B12 deficiency in childhood on several haemogram parameters such as platelet (PLT), mean platelet volume 

(MPV), hematocrit (HCT), mean corpuscular volume (MCV), and white blood cell (WBC) count. 

Materials and Methods: The retrospective study included children who had applied to the pediatric outpatient clinic 

between 2015 and 2017. Patients were divided into 3 groups according to serum B12 and folate status.  The results were 

evaluated by statistical methods. 

Results: PLT and WBC levels of the folate and B12 deficiency group were found to be lower than the control group 

(p=0.015, p<0.001 respectively), and their MPV and HCT levels were higher (p: 0.015, p<0.001 respectively). MCV 

levels, however, were not different (p>0.05). No effect of PLT and MCV on folate levels was seen. Similarly, any 

effects of MPV, PLT and MCV independent variables on B12 levels were not observed. Although platelet and leukocyte 

count was decreased in folate and B12 deficiency, thrombocytopenia and leukopenia were observed only three patients.  

Conclusion: Although peripheral blood cell lines are not always seen low during folate and B12 deficiency, and there is 

not obvious anemia and MCV highness at a patient with neurological and psychological symptoms, folate and B12 

deficiency should be thought if there are leukocyte and thrombocyte levels lower than mean reference values. 
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Corresponding changes in the blood smear include anemia 

with oval macrocytes, anisocytosis, and poikilocytosis; 

leukopenia with hyper segmented polymorphonuclear cells; 

and thrombocytopenia (5). On the other hand, different 

results were reported on this study. In a retrospective 

design study involving 120 subjects suffering from anemia 

resulting from B12 deficiency, it was reported that only 

28% of the subjects had thrombocytopenia, 29% had 

leukopenia and 17.3% had pancytopenia (6). In another 

study, it was declared that deficiency of B12 and/or folate 

might be a possible cause of isolated thrombocytopenia, an, 

increased platelet volume may also accompany with 

thrombocytopenia (7). The mean platelet volume (MPV), 

index of platelet reactivity, is frequently used in outpatient 

and inpatient healthcare facilities because of being a 

relatively low cost hemogram parameter and a useful one to 

determine platelet volume (8). 

In this study, how the platelet count and the mean platelet 

volume (MPV) were affected from different levels of B12 

and folate in children were analyzed. The relationship 

between B12 and folate with other hematological 

parameters such as red blood cell (RBC), mean corpuscular 

volume (MCV), and white blood cell (WBC) were also 

examined. In addition, the effects of independent variables 

such as age and gender on these parameters have been also 

evaluated. 

Materials and Methods 

This retrospective study was performed with an approval 

from local ethical committee (University of Health 

Sciences, Haseki Training and Research Hospital Ethical 

commission). The study included 371 children (204 

females and 167 males) between the ages of 9 months and 

18 years who had applied to the pediatric outpatient clinic 

with simple complaints between the dates 1.01.2015 and 

31.12.2017. During this period, 806 patients received 

simultaneous vitamin B12, folate and hemogram. The study 

excluded 388 patients with acute and chronic infection and 

hematologic disease, and 47 patients whose results could 

not be reached due to a technical reason. The study groups 

were divided into 3 groups according to their B12 and 

folate levels. Cut-off points established by the kit 

manufacturer which used in this study. 180 pg/ml was 

accepted as cut-off point for B12 while 5.9 ng/ml was 

considered as cut-off point for folate. Accordingly, while 

Group 1 included 79 people (43 females, 36 males) whose 

folate (>5.9 ng/ml) and B12 levels (>180 pg/ml) were 

normal, Group 2 comprised of 191 people (103 females, 88 

males) who suffered from B12 deficiency (<180 pg/ml). On 

the other hand, Group 3 consisted of 101 people (43 

females, 58 males) who had folate deficiency. The 

hematological condition in both vitamin B12 and folate 

deficiency is as in vitamin B12 deficiency, even if folate is 

normal. Therefore, both low patients were not enrolled in 

the study. The necessary information and relevant test 

results of the patients were obtained from the hospital 

information management system. Those recorded in the 

system as having chronic disease, acute-chronic infection 

and hematologic problems were excluded from the study.  

Serum folate and B12 levels were analyzed by using 

UniCel DxI 600 autoanalyser (Beckman Coulter, Inc. USA) 

with chemiluminescence method. The platelet count was 

determined by hydrodynamic centering factor whereas 

MPV values were obtained by calculating through the 

formula: MPV (fl)= [(PCT (%)/platelet count (×109/L)]. 

Platelet related tests were studied with Sysmex XE-2100 

hematology analyzer (TOA Medical Electronics, Kobe, 

Japan).  

It was confirmed that the internal quality control results of 

the tests were at ±2 standard deviation on the day of the 

analysis. The lowest detectable level of folate 

distinguishable from zero with 95% confidence was 0.5 

ng/mL (1.1 nmol/L). Total imprecision of folate (CV%) 

was 4.34. The lowest detectable level of B12 

distinguishable from zero with 95% confidence was 50 

pg/mL (37 pmol/L). Total imprecision of B12 (CV%) was 

8.4. 

Statistical Analysis 

Statistical evaluations were performed using the Statistical 

Package for Social Sciences (SPSS) 21 software (IBM, 

New York, USA). The Kolmogorov-Smirnov test was used 

to determine whether the numerical data showed normal 

distribution and Levene test was used to evaluate the 

homogeneity of the variances of each group. Categorical 

variables were assessed by Chi-square test whereas 

comparisons among study groups in terms of the numerical 

variables were performed with One-way ANOVA test.  

Two-way ANOVA test and covariance analysis 

(ANCOVA) were used to evaluate the common effect of 

multiple independent variables on a given dependent 

variable. The gender distributions of the groups were 

evaluated by Student’s T test. The correlation between 

hemogram parameters and folate/ B12 levels was evaluated 

by Pearson correlation test. The significance level of P 

value was accepted as <0.05. The results were expressed as 

mean ± standard deviation. 

Results 

There was no statistically significant difference between the 

groups in terms of mean age and gender. While MPV, PLT, 

WBC, and HCT showed significant differences among 

groups, there was not any significant difference between 

the groups in terms of MCV. Although platelet and 

leukocyte count was decreased in folate and B12 

deficiency, thrombocytopenia and leukopenia were 

observed only three patients. (Table 1). 

There was difference between normal group and groups 

with folate and B12 deficiency in terms of MPV level while 

there were not any differences between these two groups 

with deficiency. In terms of PLT levels, on the other hand, 

statistically significant difference was found only between 

the normal group and group with B12 deficiency. Although 

the mean PLT level in normal group was higher than the 

mean PLT level in the group with folate deficiency, this 

difference was not statistically significant. (Figure 1,2). 
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Although the MCV level of normal group showed a 

remarkable highness than the deficiency groups, no 

significant difference was determined between the MCV 

averages of the three groups. When the HCT averages were 

compared, the difference between the Hct level averages of 

the normal group and the averages of both deficiency 

groups was significant. Similarly, there is a significant 

difference between the normal group and deficiency groups 

in terms of mean WBC.  

While the HCT levels of deficiency groups were higher 

than the normal group, their WBC levels were lower. There 

were not any differences between deficiency groups in 

terms of the averages of these two parameters (Figure 3,4). 

As a result of the multiple linear regression analysis where 

the effect of haemogram parameters as independent 

variables on the folate and B12concentrations were 

evaluated, it was determined that MPV, HCT and WBC had 

effects on folate concentrations.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A correlation between the increase in MPV and HCT levels 

and the decrease in folate levels was found whereas it was 

determined that there was a correlation between the 

decrease of WBC and folate below the normal range. 

However, PLT and MCV had no effect on folate 

concentration (R=0.401, p<0.001). Likewise, no effect of 

MPV, PLT and MCV independent variables on B12 level 

was monitored. Similar to the relations with folate, the 

increase of MPV and Hct levels were found to be related to 

the decrease in B12 level while a correlation between the 

decrease in WBC and lowness of B12 was determined 

(R=0.354, p<0.001). Furthermore, there was a highly strong 

negative correlation between age and especially folate level 

(r=-0.677, p<0.001), and a reasonable negative correlation 

was determined between B12 and age (r=-0.426, p<0.001). 

No difference was found between folate and B12 levels in 

terms of gender. However, when the haemogram 

parameters were analyzed, differences between females and 

males were found in terms of HCT and MPV levels 

(Table2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Demographic characteristics and laboratory test results of study groups 

Variables Group 1 Group 2 Group 3 P value 

Gender (F/M) 43/36 103/88 58/43 0.84 

Age (years) 11.3±0.5 12.6±0.3 12.7±0.4 0,78 

Folate (ng/ml) 16.2±4.4 8.4±5.0 4.7±0.8 <0.001 

Vitamin B12 (pg/ml) 480±110 144±20 288±76 <0.001 

MPV (fL) 9.6±0.9 10.0±0.9 10.0±1.0 0.002 

PLT (10
3
/μL)

 318±87 276±79 290±80 0.015 

MCV (fL) 93.1±9.6 80.1±5.6 79.4±5.2 0.07 

HCT (%) 36.5±4.8 38.8±4.0 38.7±3.6 <0.001 

WBC/ mm
3
 8.1±2.6 6.9±2.3 6.7±2.0 <0.001 

F: female, M: male, MPV: mean platelet volume, PLT: platelet, MCV: mid corpuscular volume, HCT: hematocrit, WBC: white blood cell. 

 

 

 
Figure 1. Box-plot graph showing mean platelet 

volume (MPV) of the groups 

Figure 2. Box-plot graph showing the platelet count 

of the groups 
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Discussion 

Body needs B12 for tetrafolate production and methylation 

reactions that are required for DNA synthesis. In addition, 

folic acid is required together with B12 for the formation 

from homocysteine to methionine and the formation of 

shaped elements in the bone marrow. Therefore, it was 

reported that thrombocytopenia might occur as well as 

anemia and leukopenia as a result of the damage of DNA 

synthesis due to B12 and/or folate deficiency (9). In this 

study, it was observed that folic acid and B12 deficiency 

affected the platelets numerically and dimensionally. It was 

observed that platelet volume increased whereas platelet 

count decreased in the groups with deficiencies.  

However, only a correlation between platelet volume 

increase and folate level decrease was determined. It was 

thought that the reason why there was no correlation 

between platelet count and the deficiency of these two 

vitamins could be the fact that the platelet decrease in the 

groups with folate and B12 deficiency was not at 

thrombocytopenia level, and that platelet levels of all the 

three groups showed changes within the reference ranges. 

Nevertheless, in a retrospective study by Jaggia A and 

Northern A, they argued that deficiency of B12 and/or 

folate might be a possible cause of isolated 

thrombocytopenia and platelet formation which is greater 

than normal levels (7).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The inverse correlation between platelet count and volume, 

which is a finding of this study, is similar to this study. In 

another study on a pediatric group, it was suggested that 

B12 deficiency may cause isolated thrombocytopenia 

without megaloblastic anemia and/or leukopenia (10). 

In another retrospective designed study by Nafil H et.al., 

involving 120 subjects suffering from anemia resulting 

from B12 deficiency, it was reported that only 28% of the 

subjects had thrombocytopenia, 29% had leukopenia and 

17.3% had pancytopenia (6). In this sense, different results 

have been obtained so far in the studies on this subject.  

No correlation between corpuscular volume and folate and 

B12 levels was observed in the study. However, it was 

determined that HCT levels were higher in the groups 

where these vitamins were deficient, and that there was an 

inverse correlation between the deficiency of these two 

vitamins and HTC. Moreover, it was found out that 

leukocyte level was significantly lower in the groups with 

folate and B12 deficiency, and that there was a correlation. 

In some of the previous studies, only anemia due to B12 

deficiency was observed, whereas other studies reported 

bicytopenia or pancytopenia (11,12).  

In another study conducted by Refsum et. al., it was 

observed that the study group with B12 deficiency 

unexpectedly rarely had anemia and the reason for this was 

interpreted as that the adequate intake of folate suppressed 

 
Figure 3. Box-plot graph showing hematocrit of the 

groups 

Figure 4. Box-plot graph showing white blood cell 

(WBC) of the groups 

 

Table 2. Comparison of the values of the laboratory tests used in the study in females and males (Men±SD)  

Variables Female Male P value 

Folate (ng/ml) 8.8±5.4 9.3±6.2 0.326 

VitamineB12 (pg/ml) 280±196 261±166 0.307 

MPV (fL) 10.0±1.0 9.7±0.9 0.005 

Platelet (10
3
/μL) 298±88 293±83 0.565 

MCV (fL) 83.4±6.6 81.7±6.1 0.727 

HCT (%) 37.6±2.9 39.0±5.0 <0.001 

WBC/ mm
3
 7.4±2.5 7.2±2.3 0.680 
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anemia (13). It is suggested to exclude B12 and folate 

deficiency primarily at the etiology of the patients applied 

with pancytopenia and bicytopenia in the literature (14).  

However, it is needed to mention that 10% of the children 

in the study groups were suffering from anemia (HCT< 35) 

and there was no child with leukopenia in the study groups.  

 

The differences among the haemogram parameters in the 

study represented the changes within reference ranges. 

Furthermore, it is necessary to consider that the folate and 

B12 deficiencies in the study groups were not at advanced 

levels. Nonetheless, in the literature, the lower limit level 

for serum B12 vitamin is stated to be as the 257 pg/mL in 

terms of homocysteine, and the 219 pg/mL in terms of 

urinary methyl malonic acids pillage. It is suggested to 

accept serum B12 lower limit level as the 250 pg/mL at 

routine practices for safety (15).  

As the B12 averages of the deficiency group of the study 

were lower than these values, neurologic and psychiatric 

symptoms were started, but lower levels and low levels for 

longer period of time might be needed for the appearance 

of hematologic anomalies.  

On the other hand, the retrospective design of the study 

prevented the clinical assessment of some tests and 

subjects. Measurement of plasma total homocysteine and 

serum methyl malonic acid levels as well as B12 levels for 

the diagnosis of B12 deficiency is also recommended by 

various guidelines (7).  

In addition, the reliability of the study shall be enhanced by 

conducting a prospective design study of bone marrow 

examinations of patients. Another important factor is the 

duration of the symptoms of patients suffering from folate 

and/or B12deficiency. In our study, similar to some 

previous studies, there are limitations such as not knowing 

the duration of deficiency, not having bone marrow and 

methyl malonic acid and homocysteine levels done. The 

age average of the group without folate and B12 deficiency 

in the study was lower than that of the deficiency groups. 

However, no age based deficiency classification could be 

seen in the previous studies. We could only find a 

classification in accordance with suggested age for 

measurements of folate and B12 to be realized in plasma 

(16).  

But we could not get use of this classification since we 

conducted the folate and B12 measurements in the study on 

serum samples. For this reason, cut-off values obtained 

with reference range studies by kit manufacturer were taken 

into consideration.  

Conclusion 

As a result, it was observed that folate and/or B12 

deficiency decreased platelet count and WBC while 

increasing platelet volume and HCT. On the other hand, it 

was observed that corpuscular volume was not affected by 

the deficiency of these two vitamins.  

 

Moreover, it was determined that these changes were not at 

a level to cause thrombocytopenia, leukopenia, or anemia.  

Although one or several of the peripheral blood cell lines 

are not always low during folate and B12 deficiency, and 

there is not obvious anemia and MCV highness at a patient 

with neurological and psychological symptoms, the 

probability of folate and B12 deficiency should be 

considered if there are leukocyte and thrombocyte levels 

lower than mean reference values. In parallel with the 

decrease in platelet count, MPV values are also higher. 

However, further studies are also suggested considering the 

limitations mentioned above. 
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