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Abstract 
BACKGROUND: Folic acid is one of the important supplements for adequate development during pregnancy. 
A higher intake of folic acid during pregnancy and lactation is recommended.
METHODS: In prospective study the group of premature newborns (n = 52) and the type of nutrition were ob-
served. The red blood cell (RBC) folate concentration levels were determined in the fi rst 24 hours after delivery, 
before and after oral treatment with folic acid (100 μg/day). Immunochemical analysis for the determination of 
folate in erythrocytes was performed.
RESULTS: In the group of premature newborns the RBC folate concentration levels after treatment were signifi -
cantly increased (p < 0.0001). A dynamic increase in the concentration levels of folates in erythrocytes before 
and after treatment was observed, in spite of the reciprocally decreasing blood count parameters, but without 
any statistically signifi cant correlation. The infant nutrition before treatment contained signifi cantly higher amount 
of folic acid in fortifi ed breast milk compared to breast milk (p = 0.04).
CONCLUSION: The various types of nutrition for preterm newborns contain a different amount of folic acid. It 
poses a question of real needs of these patients. The best way to determine the optimal whole amount of folate 
is to know the real levels of folate in premature newborns (Tab. 2, Fig. 5, Ref. 26). Text in PDF www.elis.sk. 
KEY WORDS: folic acid, breast milk, milk fortifi er, preterm formula milks, neonatal nutrition.
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Introduction

Folic acid is one of the important supplements for adequate 
development of foetus during pregnancy as well as after birth. 
Folic acid is a vitamin with importance in pregnancy due to its 
role in the development of the brain and nervous system and the 
prevention of foetal neural tube defects (NTD) (1). In some de-
veloping countries there are programs of multiple micronutrient 
or food supplementation. It confi rms the effects of multiple mi-
cronutrient supplementation to undernourished pregnant women 
on their offsprings’ development (2). Malnutrition and neonatal 

deaths increase the the importance of intrauterine health for future 
cognitive development in these countries (3). The folic acid and 
iron supplementation of pregnant woman could be benefi cial to 
prevent children’s malnutrition (4). Studies show that the use of 
micronutrient fortifi ed supplementary foods and beverages (iron, 
zinc, copper, iodine, selenium, vitamins A, D, E, C, B1, B2, B6, 
B12, folic acid, niacin and pantothenic acid), increase mean birth-
weight (5). On the other hand some developed countries approved 
mandatory folic acid fortifi cation programs to decrease prevalence 
of neural tube defects. Mandatory fortifi cation of fl our and cer-
tain other grain products in many countries has been associated 
with a reduction in NTD incidence. However, other defi ciencies 
or suboptimal status of B vitamins have been repeatedly reported 
in pregnant women also in high-income countries (1). In Slovak 
Republic a higher intake is recommended during pregnancy and 
lactation. Minimal recommended amount of folic acid during 
pregnancy is 400 μg and during lactation 300 μg. The needs of 
folic acid in each period of life vary. For adolescents the intake of 
200 μg of folic acid is recommended and under six months of age 
the recommended dose is 60 μg daily (6, 7). But in this sensitive 
part of life there is a need for adequate nutrition. The outcome of 
this supplementation for preterm newborns can be measured. An 
overdose in the growing bodies of preterm newborns could disrupt 
metabolic balance with potential risks (8). In 2005 a study was 
published in Ireland reporting some cases of newborns with high 
level of unmetabolised folic acid in spite of voluntary folic acid 
fortifi cation’s program (9). Some studies are interested in the pos-
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sible adverse effects of this unmetabolised folic acid in the body, 
because the safe upper limits in newborns are not known. Benefi ts 
of folic acid are clearly known worldwide. Over the past several 
decades a decrease in the incidence of NTD and other congenital 
anomalies after folic acid fortifi cation has been published (10, 
11). Effective intervention programs are needed with the aim to 
improve periconceptional intake of folic acid. The prevention of 
NTD is much better than medical care (12). A healthy balanced diet 
provides the best basis for optimal pregnancy outcome, lactation 
performance and complementary feeding. However, supplements 
or fortifi ed foods may be needed to cover the high requirements 
especially of critical vitamins such as vitamin D and folic acid 
and to correct unfavorable dietary patterns in women or to adapt 
foods to needs of young children (1). Preterm formula milks and 
breast milk fortifi ers provide suffi cient folic acid to prevent fo-
late defi ciency in preterm infants (13). The variability of different 
amounts of folic acid in some products of infant formula milks in 
Slovakia is documented in Table 1. 

Materials and methods 

In this prospective study we observed the group of premature 
newborns (n = 52; gestational age from 27th to 36th gestational 
week; median of birth weight 1780 ± 450 grams) who were hospi-
talized at the Department of Neonatology at University Children´s 
Hospital in Bratislava. The red blood cell folate concentration 
levels were determined from venous blood samples in the fi rst 
24 hours after delivery (“A” samples), before (“B” samples) and 
after (“C” samples) treatment with folic acid (100 μg/day) orally. 
The nutrition type (breast milk, preterm formula milk-containing 
28 μg, breast milk with added fortifi er-containing 49 μg) before 
and after treatment was documented. Venesection was not done 
solely for the purposes of this study. All newborns with the hemo-
lytic disease of the newborn, multiple congenital anomalies and 
severe bleeding (blood losses more than 2 g/dl/24 hours) were ex-
cluded from the study. Blood samples for determining RBC folate 
were collected in vacutainers containing EDTA and taken to the 
Department of Clinical Biochemistry in Hospital for Children in 
Bratislava. Within 2 hours of collection full blood count analysis 
(especially haemoglobin, haematocrit, erythrocytes) was done. 
Remaining blood was stored at –20 °C for up to one month. The 
samples were defrosted and processed within one month accord-

ing to specifi cations of the producer sets and consistent with the 
literature data (14). After this period the lysing agent (1.5 ml 0.2 %
ascorbic acid) was added to 50 μl of whole blood for the red 
blood cell (RBC) folate analysis (Roche Diagnostics, Germany). 
Immunochemical analysis was performed with the use of chemi-
luminescent emission (analyser cobas e 411). It was based on a 
competitive test using natural folate binding protein specifi c for 
folate. Folate competes with the added folate for the binding sites 
of folate binding protein labelled with ruthenium complex.

Statistical analyses were based on frequency analysis calculated 
at 97 % accuracy with confi dence limits for proportion. Analysis of 
median values for RBC folate concentration levels and blood count 
analysis (haemoglobin, haematocrit, erythrocytes) were executed 
using the Mann-Whitney or Kruskal-Wallis tests. The relationship 
between RBC folate concentration levels and nutrition type and 
blood count parameters were assessed by Kendall rank correlation 
coeffi cient. Differences were regarded as statistically signifi cant 
at p < 0.05. Analyses were performed by statsdirect version 2.8.0. 

The study was approved by the Ethics Committee of Univer-
sity Hospital in Bratislava and the Ethics Committee of Children´s 
University Hospital in Bratislava. Informed consent was obtained 
from every enrolled newborn’s mother. 

Results 

In the group of premature newborns (n = 52; gestational age 
from 27th to 36th gestational week) the RBC folate concentration 
levels were determined in the fi rst 24 hours after delivery (“A” 
samples). In “A” samples the median was 1188 ng/ml (967 ng/
ml – 1423 ng/ml; 25th and 75th percentile). After full oral intake 
of breast milk or preterm formula milk (160 ml/kg/day) taken 
orally daily, the oral treatment with 100 μg/day of folic acid was 
started. The median age of full oral intake was on the 11th day of 
life. Before the fi rst dose of folic acid the blood count parameters 
(haemoglobin, haematocrit, erythrocytes) and then the RBC fo-
late concentration levels were determined (“B” samples). In “B” 
samples the median of RBC folate concentration levels was 1103 
ng/ml (800 ng/ml – 1408 ng/ml; 25th and 75th percentile). There 
were no signifi cant changes in the RBC folate concentration levels 
between “A” and “B” samples. In “C” samples the median of RBC 
folate concentration levels was 1313 ng/ml (1078 ng/ml – 1701 
ng/ml; 25th and 75th percentile). After three weeks of treatment 

product amount of FA* product amount of FA* product amount of FA*
BEBA 1 Pro 9.5 μg Nutrilon 1 12 μg Hami 1 13 μg
BEBA 1 HA 12 μg Nutrilon 1 HA 9 μg France Lait 1 6.7 μg
BEBA Sensitive 12 μg Nutrilon 1 AR 9.3 μg France Lait LF 13.5 μg
Beba AR 12 μg Nutrilon 1 AC 8.9 μg Milupa Basic P 7 μg
PreBEBA Preemie 41 μg Nutrilon Low Lactose 8.9 μg France Lait AR 13.5 μg
PreBEBA Discharge 13 μg Nenatal 0 28 μg Nestlé Sinlac 11 μg
Alfaré 6.3 μg Nenatal 1 20 μg ALL 110 11 μg
Althéra 7.4 μg Nutrilon 1 Extra 12 μg Neocate 5.7 μg
Sunar 1 extra 10 μg Nutrilon 1 ADC 10 μg Monogen 8.22 μg
Breast milk *** 9 μg Nutrilon1 Soya 9 μg Infanrini 15 μg
FM 85 ** 40 μg BMF ** 49 μg IMTV-AM 1 20 μg
* the amount of FA is calculated based on 100 ml of milk; ** breast milk fortifi ers; *** Mackey and Picciano, 1999

Tab. 1. Various amounts of folic acid (FA) fortifi cation in some products of infant formula milks, breast milk and breast milk fortifi ers in Slovakia.
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with folic acid (100 μg/day), the RBC folate concentration levels 
were signifi cantly increased (p < 0.0001). The results of our fi nd-
ings are documented in Table 2. 

A dynamic increase in the concentration levels of folates in 
erythrocytes before and after treatment was observed, in spite of the 
reciprocally decreasing blood count parameters (haemoglobin, hae-
matocrit, erythrocytes), but without any statistically signifi cant cor-
relation. The statistically signifi cant decrease of haemoglobin (p = 
0.002) in spite of folic acid treatment is documented in Figure 1. Sim-
ilar important changes were found in haematocrit (p = 0.0001) and 
erythrocytes (p = 0.003), which are documented in Figures 2 and 3. 

The next aim of this study was to show an impact of nutrition 
type on RBC folate concentration levels in addition to the treatment 
with folic acid (100 μg/daily). In this group of preterm newborns 
we used three different types of nutrition. Preference was assigned 
to breast milk (n = 34) or, depending on the clinical status, breast 
milk with added fortifi er (n = 7) (containing 49 μg of folic acid 
in 100 ml). Preterm formula milks (containing 28 μg of folic acid 
in 100 ml) were used when breastfeeding was impossible. These 
types of nutrition are illustrated in Figure 4. 

The RBC folate concentration levels were measured before 
and after the treatment with folic acid. When comparing different 
nutrition types we found signifi cantly higher RBC folate concen-
tration levels in preterm newborns who were fed by breast milk 
with added fortifi er (p = 0.04; median 1469 ng/ml), compared to 
breast milk (median 1038 ng/ml) before treatment. Similar result 
on the border of statistical signifi cance was found in the case of 
preterm formula milk (p = 0.072; median 1357 ng/ml) compared 
to breast milk. After treatment the results for the two types of nu-
trition were similar. On the border of statistical signifi cance were 
the higher RBC folate concentration levels in preterm newborns 
who were fed by preterm formula milk (p = 0.071; median 1694 ng/
ml) compared to breast milk (median 1323 ng/ml). These changes 
are documented in Figure 5. 

Tab. 2. Changes in red blood cell folate concentration levels after birth, 
before and after three weeks of daily oral treatment with folic acid 
(100 μg/day) in preterm newborns (n = 52).

Changes of haemoglobin levels (g/dl) 
before and after three weeks of daily oral intake 

of folic acid (100 μg/day) in preterm newborns (n=52)

Haemoglobin
before treatment

Haemoglobin
after treatment

18

15

12

9

6

Fig. 1. Changes in haemoglobin levels before and after three weeks 
of daily oral intake of folic acid (100 μg/day) in preterm newborns 
(p = 0.002)

Changes in haematocrit (%) levels 
before and after three weeks of daily oral intake 

of folic acid (100 μg/day) in preterm newborns (n=52)
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Fig. 2. Changes in haematocrit (%) levels before and after three weeks 
of daily oral intake of folic acid (100 μg/day) in preterm newborns 
(p = 0.0001)

The changes of erythrocytes levels
before and after three weeks of daily oral intake 

of folic acid (100 μg/day) in preterm newborns (n=52)
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Fig. 3. Changes in erythrocytes levels before and after three weeks of dai-
ly oral intake of folic acid (100 μg/day) in preterm newborns (p = 0.003)

Breast milk (n=34)

Preterm formula milk (n=11)

Breast milk with added fortifier (n=7)

Fig. 4. Types of infant nutrition (breast milk, preterm formula milk, 
breast milk with added fortifi er) during treatment with folic acid in 
preterm newborns 

RBC folate concentration (ng/ml) percentile
25. 50. 75.

“A” samples – fi rst 24 hours after delivery 967 1188 1423
“B” samples – before treatment with folic acid 800 1103 1408
“C” samples – after treatment with folic acid 1078 1313 1701
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Discussion 

The importance of folic acid and the use of fortifi ed nutrition is 
clear. It plays the leading role in decreasing the incidence of NTD 
and other congenital anomalies (10, 11, 15). Prevention is always 
much better than subsequent medical care (12). To fi nd optimal 
amounts, with the aim to provide optimal dose of folic acid in in-
fants, is diffi cult. It follows from different amounts of folic acid in 
many types of infant nutrition, which were documented in Table 1. 
Preterm formula milks and breast milk fortifi ers provide suffi cient 
folic acid to prevent folate defi ciency in preterm infants (13). This 
enteral nutritional supplementation is widely used in preterm ba-
bies in Neonatal Units (16). In our group of patients we confi rmed 
the same results. The RBC folate concentration levels were sig-
nifi cantly higher in newborns who were fed by breast milk with 
added fortifi er. Overdose of folic acid could be a potential risk in 
preterm newborns (17). The preterm formula milks provide suffi -
cient amount of folic acid according to manufacturer compared to 
expressed breast milk which contains 9 μg of folic acid (13, 18). 
There is a question what changes the RBC folate concentration 
levels after delivery and during the fi rst months of life. The case 
of breastfed infants independent of maternal folate status suggests 
that concentrations of folate positively correlate with the duration 
of exclusive breastfeeding. The serum folate was not higher in the 
formula-fed infants (19). The association between lactation and 
folate status was observed (20). From this study the results of RBC 
folate concentration levels were similar in the fi rst two months of 
life in comparison with our previous fi ndings related to Slovakian 

newborns (21). But it is still discussed where the top possible limit 
of tolerance in preterm newborns lies and the overdose risk in this 
group of patients remains unanswered. And different food habits 
and climate can alter RBC folate concentration levels in mothers 
and their newborns. By contrast, folate defi ciency is very rare.

Folic acid is a part of a comprehensive treatment of anaemia 
in preterm newborns (22, 23). This comprehensive treatment with 
other micronutrients, iron and erythropoietin can decrease the num-
ber of blood transfusions (24). On the other hand, repeated blood 
transfusion can increase amount of these substances, e.g. folate 
(17) The daily amount of folic acid in this complex treatment varies 
from 50 to 100 μg (22–24). The need to know the real RBC folate 
concentration levels seems to be crucial. In this work we presented 
a group of preterm newborns with measured RBC folate concen-
trations levels. The median of RBC folate concentration levels 
in our country on the fi rst day of life is similar with our previous 
fi ndings (25). The levels of RBC folate concentration decreases 
during the fi rst days of life (26) but after full oral intake and/or 
due to other treatment the RBC folate concentration levels have 
changed, as confi rmed by our current results. The recommended 
folic acid dose for newborns varies (7, 22, 23). In our study the 
daily intake of folic acid was wide-ranging (14 μg in case of breast 
milk, 45 μg in case of preterm formula milk and 93 μg in case of 
breast milk with added fortifi er according to average oral intake 
160 ml/kg/day), except for the folic acid treatment (100 μg/day) 
in our study. The amount of daily folic acid intake can vary due 
to other types of treatment, e. g. blood transfusion (22–24). After 
transfusion a temporary administration of folic acid is not neces-
sary when the amount of folate in body is high (17). The best way 
is to know the real RBC folate concentration levels according to 
the gestational age to administer optimal amounts of folic acid. 

The need for folic acid supplementation in the fi rst weeks of 
life varies depending on the clinical state of newborns. In this work 
some clinical conditions were identifi ed (infection, sepsis, respira-
tory distress syndrome, necrotizing enterocolitis, ductus arteriosus 
paterns, asphyxia, which potentiate anaemia of preterm newborns) 
that could affect blood count parameters but without any correla-
tion to RBC folate concentration. In spite of developing anaemia 
the RBC folate concentration levels were increased. The authors 
postulate complicated mechanisms of changes in RBC folate lev-
els, which is the most accurate indicator of the body’s saturation 
with folic acid. The specifi c prenatal and early postnatal period 
with maternal reserves and optimal intake of folic acid after birth 
probably plays a key role. 

Conclusion

This work enhances the knowledge about folic acid in the 
neonatal age. Folates are an important part of the growing body, 
especially in preterm newborns. Folic acid is also a part of the 
comprehensive treatment of anaemia, but is also a part of fortifi -
ers and artifi cial milk formulas. In order to know the effect of this 
treatment, it is necessary to measure RBC folate concentration lev-
els, which is the most accurate indicator of long-term folate level 
status in the body (the results are obtained from RBC, which are 

Changes in red blood cell folate concentration levels
before and after treatment with folic acid compared 

to different type of nutrition in preterm newborns (n=52)
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Breast milk with added fortifier (n=7)
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Fig. 5. Changes in red blood cell folate concentration levels before and 
after treatment with folic acid (100 μg/day) compared to different types 
of nutrition in preterm newborns. Comparison with breast milk with 
added fortifi er (containing 49 μg of folic acid in 100 ml) (containing 
28 μg of folic acid in 100 ml) and breast milk (p = 0.04; containing 40 
μg of folic acid in 100 ml) before treatment; preterm formula milk 
(containing 28 μg of folic acid in 100 ml) and breast milk (p = 0.072) 
before treatment; preterm formula milk and breast milk (p = 0.071) 
after treatment.
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linked to life of the erythrocyte). Some clinical stages can decrease 
levels of folate in the body, but changes in folate remain question-
able in spite of existing anemia, as was confi rmed by our results.

The different amounts of folic acid in many types of infant 
nutrition used in the neonatal period and its impact on red blood 
cell folate concentration levels during fi rst two months after birth 
vary. Breast milk has the leading position among the huge vari-
ety of milk products in neonatal nutrition as we estimate that the 
optimal nutrition comes from their mothers during pregnancy and 
lactation. With regard to preterm newborns, it is still a routine 
practice to fortify breast milk or use preterm infant formula. A 
large number of these products for preterm infants with different 
amounts of folic acid levels suggest the question of the real need 
of these patients as we documented it in this prospective study. The 
best way to administer adequate amounts of folic acid is to deter-
mine the real RBC folate concentration levels in preterm babies’ 
bodies and calculate the optimal daily intake of folates based on 
the nutrition type (breast milk, milk formula, breast milk fortifi er) 
and the treatment options (folic acid, vitamin supplements, blood 
transfusion) before administration of folic acid. After excessive 
intake of folic acid the administration should be temporary limited. 
We focus on the optimal supplementation of folic acid to prevent 
its excessive intake for preterm babies’ bodies.
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