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Abstract
The vitamin status of a child depends on many factors and most of the clinical studies do not take into account the different access to adequate nutrition of
children coming from different countries and the consequent major differences in micronutrients or vitamin deficits between low-income and high-income
countries. Vitamin supplements are included in the general field of dietary supplements. There is a large amount of not always factual material concerning
vitamin supplements, and this may sometimes create confusion in clinicians and patients. Inadequate information may lead to the risk of attributing bene-
ficial properties leading to their over-use or misuse in the paediatric field. Vitamin supplementation is indicated in all those conditions in which a vitamin
deficiency is found, either because of a reduced intake due to reduced availability of certain foods, restrictive diets or inadequate absorption. The lack of
guidelines in these fields may lead paediatricians to an improper use of vitamins, both in terms of excessive use or inadequate use. This is due to the fact
that vitamin supplementation is often intended as a therapy of support rather than an essential therapeutic tool able to modify disease prognosis. In fact,
various vitamins and their derivatives have therapeutic potential in the prevention and treatment of many diseases, especially in emerging conditions of
paediatric age such as type 2 diabetes and the metabolic syndrome. The aim of the present article is to analyse the state of the art and consider new per-
spectives on the role of vitamin supplements in children.
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Vitamin supplements are included in the general field of diet-
ary supplements, meaning specifically ‘food products added to
the normal diet constituting a source of nutritional substances,
like vitamins and minerals, or substances with a physiological
or nutritional effect, like amino acids, essential fatty acids,
fibres or vegetable extracts in pre-dosed forms’(1). There is a
large amount of available material concerning vitamin supple-
ments, and this may sometimes create confusion for both clin-
icians and patients. Inadequate information may lead to the
risk of attributing beneficial properties and overlooking the
side effects of these supplements, leading to their over-use
in the paediatric field(2). Continuous research in this field is
very important in order to properly use these products in

children. The use of vitamin supplements should be based
on evidence-based medicine, with the awareness that the
best source of vitamins is indeed a balanced diet, associated
with a healthy lifestyle, particularly during growth(3). It is diffi-
cult to compare clinical studies that involve different popula-
tions. Moreover, the vitamin status of a child depends on
many factors and most of the clinical studies do not mention
the differences in access to adequate nutrition of children com-
ing from different countries. There can be major differences in
micronutrients or vitamin deficits between low-income and
high-income countries. However, a closer look at Europe
reveals that, even in a resource-rich society with free access
to any type of food, it may be difficult for some to reach an

Abbreviation: RR, risk ratio.
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adequate vitamin intake, especially for vitamins D and E and
iodine(4). Vitamin supplementation is recommended in condi-
tions of nutritional deficiencies, such as in malabsorption syn-
dromes, unusual diets or inadequate vitamin intake. The aim
of the present review is to analyse the state of the art and con-
sider new perspectives on the role of vitamin supplements in
children.

Material and methods

The authors performed a systematic literature search through
the Cochrane Library and Medline/PubMed databases. We
selected original studies that were likely to evaluate new evi-
dence regarding vitamin supplementation, both for lipid-
soluble (vitamin E, vitamin A, vitamin D) and water-soluble
(vitamin C, folic acid, vitamin B12) vitamins. This research
was conducted in December 2019 and seventy-two articles
were found. We decided not to include vitamin K in our
research, given the confirmed and validated role in the preven-
tion of neonatal haemorrhagic syndrome(5). As far as recom-
mended dietary allowances are concerned, we referred to the
Italian levels of nutrient intake (LARN)(6).

Vitamin E

Vitamin E includes a group of lipid-soluble compounds (i.e.
tocopherols and tocotrienols), with α-tocopherol being the
most relevant. The most important dietary sources of vitamin
E are vegetable oils, cereals and some types of nuts. Vitamin E
is an important antioxidant agent that also has antimicrobic
action.
The recommended dietary allowance of vitamin E is

between 4 and 13 mg/d, depending on age(6).
Vitamin E has no relevant toxicity at high doses: it can cause

muscle weakness, fatigue, nausea and diarrhoea. The most sig-
nificant one, that may occur with very high doses (>1000 mg/
d), is bleeding(7). Vitamin E deficiency is found in children
affected by reduced gastrointestinal absorption, lipid malab-
sorption, specific congenital disorders in which absorption
and storage of vitamin E in the liver are impaired(8). Clinical
signs of vitamin E deficiency are represented by haemolytic
anaemia, peripheral neuropathy, retinopathy, ataxia, myopathy
and impaired response to infectious stimuli. Vitamin E supple-
mentation in patients with the above-mentioned signs is man-
datory, even if the amount of the real need and the long-term
effects are not yet clear.
Vitamin E supplementation also plays a role in premature

infants. As identified by a Cochrane review, vitamin E reduces
the risk of intraventricular haemorrhage and retinopathy of
prematurity in premature babies, except in those who are at
major risk such as very-low-birth-weight newborns, in whom
vitamin E supplementation could increase the risk of sepsis.
Evidence does not support the routine use of vitamin E sup-
plementation by the intravenous route at high doses(9).
Vitamin E seems to have an antioxidant role, helping in pre-

venting chronic diseases in adult patients (i.e. CVD, malignan-
cies), but no evidence has been found so far in the paediatric
population(10–12). Goldenstein et al.(13) have shown that vitamin

E was able to reduce cardiovascular risk in a subgroup of dia-
betic patients carrying a specific genotype(13). Moreover, in
recent years, a possible role for vitamin E in the treatment of
non-alcoholic steato-hepatitis has been emerging. A recent
meta-analysis has demonstrated that vitamin E administration
was able to improve not only laboratory parameters (i.e. liver
enzymes) but also histological markers in steatohepatitis(14).
However, according to El Hadi et al.(15), further studies are
necessary to confirm these findings and to evaluate possible
long-term side effects(15). Vitamin E is also involved in immune
function, in the regulation of some signal transduction pathways
by modulating gene expression inducing antimicrobial activ-
ity(16), and in endothelial homeostasis. Numerous studies have
evaluated its role in diseases characterised by haemolysis: in
patients affected by glucose-6-phosphate-dehydrogenase defi-
ciency and thalassaemia. Vitamin E supplementation was not
able to reduce haemolytic episodes(17). However, in patients
with β-thalassaemia, vitamin E seemed to reduce oxidative
stress in target organs(18).
Moreover, a recent study has shown an improvement in

laboratory and clinical parameters after vitamin E supplemen-
tation in patients with dengue haemorragic fever. In fact, vita-
min E at high doses (200–400 mg by mouth, age-adjusted)
seems to significantly accelerate the increase in platelet number
(P < 0⋅05), therefore reducing the risk of haemorrhage(19).

Vitamin A

Vitamin A is the name of a group of fat-soluble retinoids,
including retinol, retinal and retinyl esters, and can be found
in foods of animal origin or in many types of fruits and vege-
tables containing carotenoids that are vitamin A precursors.
The most important vitamin A metabolite is retinoic acid,
that, through its intranuclear receptor, modulates many signal
transduction pathways. Vitamin A is essential for adequate
vision, to support cellular growth and differentiation and sig-
nalling, to maintain muscular integrity, and for immunological
purposes. Recommended dietary allowances in the paediatric
population are from 200 to 500 μg/d, depending on age(6).
Acute vitamin A toxicity can cause nausea and vomiting.

Chronic toxicity can cause changes in skin, hair and nails;
abnormal liver test results; and birth defects in fetuses. Both
types usually can cause headache and intracranial hypertension.
Unless birth defects are present, adjusting the dose almost
always leads to complete recovery(20).
Vitamin A deficiency is rare in high-income countries, while

it is quite widespread in developing countries, especially in chil-
dren and pregnant women. Vitamin A deficiency represents an
important cause of morbidity and mortality in infectious dis-
eases, especially in cases of diarrhoea or measles, and in visual
problems, affecting primarily nocturnal vision (i.e. xerophthal-
mia). Lack of vitamin A remains one of the leading causes of
paediatric blindness in developing countries.
The role of vitamin A in the immune system is still debated.

Multiple studies have demonstrated that vitamin A deficiency
is associated with an increased incidence of infectious diseases
and a consequent increased morbidity and mortality. The
WHO recommends vitamin A supplementation in all patients
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between 6 months and 5 years who are at risk of vitamin A
deficiency (in all developing countries). This recommendation
is based on the evidence that vitamin A supplementation
determines an overall reduction in mortality (risk ratio (RR)
0⋅88; 95 % CI 0⋅83, 0⋅93), a reduction in diarrhoea incidence
(RR 0⋅88; 95 % CI 0⋅79, 0⋅98) and a reduction in measles-
related morbidity(21). In developed countries, where vitamin
A deficiency is not frequent, its supplementation is not indi-
cated(22). Specifically, vitamin A supplementation did not
show any positive effect on the reduction of morbidity due
to diarrhoea, according to studies performed on toddlers
and preschool children(23). In case of measles, the WHO
recommends a high oral intake of vitamin A (30 mg) for 2 d
in patients younger than 2 years old in those countries in
which there is high risk of vitamin A deficiency. Kawasaki
et al.(24) and Yong et al.(25) have shown a reduction in morbidity
not associated with side effects, with the administration of a
dose of vitamin A to Japanese children with measles, suggest-
ing a potential beneficial role also in countries with adequate
vitamin A intakes(24,25).
Preterm infants have low vitamin A levels at birth, so several

studies have been conducted to check if an additional vitamin
A supplement (administered intramuscularly) may reduce
complications of prematurity. Vitamin A in preterm infants
appears to have a small benefit in reducing the combined out-
come of death or chronic lung disease (moderate-quality evi-
dence). Although there is a statistical reduction in chronic
lung disease, these findings have to be balanced against the
lack of other proven benefits and the acceptability of the
treatment(26).
Given its role in cellular differentiation, many studies per-

formed on adult patients have investigated a possible role of
vitamin A in the reduction of cancer risk, but a clear relation-
ship has not yet been shown(27).
Vitamin A could have therapeutic potential in glycaemic

control by means of all-trans-retinoic acid, a vitamin A deriva-
tive, which is able to suppress the insulin signalling pathway
resulting in increased insulin sensitivity(28).
In terms of immune function regulation, especially at themuco-

sal level, the role of vitamin A is still under investigation. The ret-
inoic acid metabolite has an important role in favouring
lymphocyte homing at the intestinal level and in the activation
and differentiation of T lymphocytes. Recent studies, however,
have also demonstrated an immune-modulating effect of this vita-
min, so that researchers propose multiple roles for vitamin A in
the immune system: activation, differentiation andmodulation(29).

Vitamin D

Vitamin D is a lipid-soluble vitamin produced in humans in
the skin from endogenous cholesterol due to exposure to
UVB rays and subsequent transformation into its active
form after two hydroxylation reactions in the liver and in
the kidneys(30).
Vitamin D can also be introduced orally in its active form

and foods rich in this vitamin include fatty fishes, egg yolks,
fatty cheeses and butter. Vitamin D is fundamental for
adequate bone metabolism; it maintains Ca and phosphate

metabolism by stimulating their absorption at the intestinal
level, acting on osteoclasts, which reabsorb Ca and other
minerals from the bone. At renal level it induces Ca reabsorp-
tion from the glomerular filtrate.
Recommended dietary allowances for vitamin D are

between 10 and 15 μg/d (1 μg of cholecalciferol corresponds
to 40 IU of vitamin D)(6).
Although rare, vitamin D excess (total intakes in the range

of 1–14 mg/kg) can cause toxicity that can present with severe
hypercalcaemia, hypercalciuria or nephrocalcinosis. To prevent
its toxicity, it is recommended to check serum
25-hydroxyvitamin D levels in infants and children who
receive long-term vitamin D supplementation at or above
the upper level of intake(31). Vitamin D deficiency is very fre-
quent: low levels of vitamin D are frequent in the case of mal-
absorption, liver and/or renal failure, in the case of
co-administration of certain drugs (i.e. phenitoin, carbamaze-
pine, steroids and anti-fungal drugs) and in cases of diseases
requiring immobilisation. African Americans and Hispanics
or patients with poor sun exposure, obese patients, subjects
with granulomatous diseases and with hyperparathyroidism
are at further risk of vitamin D deficiency.
Vitamin D supplementation is therefore indicated during the

first year of life and in the above-mentioned patients at risk to
prevent rickets and osteopenia both in Western and develop-
ing countries(32,33). The most adequate vitamin D dosage is
still debated and could be different for specific age groups.
Further studies are also needed to clarify the issue related to
daily v. monthly vitamin D administration(30). In preterm
infants, daily supplementation of vitamin D in higher doses
(20–25 μg compared with 10 μg) appears to be better not
only in development but also in immune function(34). As vita-
min D is a regulator of gene expression as well as cell prolif-
eration and differentiation, various cross-sectional and
longitudinal cohort studies have indicated a beneficial effect
from vitamin D supplementation in the prevention of type 2
diabetes(28) and in the pathogenic process of type 1
diabetes(35).
Vitamin D has an immunomodulatory effect both for innate

and adaptive immunity.
A Cochrane review did not show a clear influence of vitamin

D on overall mortality (RR 1⋅43; 95 %, CI 0⋅54, 3⋅74) and on
the reduction of respiratory infections in patients younger than
5 years old(36). Several studies have focused on the role of vita-
min D in the course of pneumonia. Even in this case evidence
is not very clear, suggesting a possible usefulness of supple-
mentation, but without significant differences among the ana-
lysed groups(37). Vitamin D (at normal dosage) plays a role in
the prevention of acute otitis media, but not in its complica-
tions (P = 0⋅03)(38). On the other hand, some studies have
also investigated the role of vitamin D in the modulation of
immune response. Adequate levels of vitamin D in humans
seem to reduce the risk of developing conditions such as mul-
tiple sclerosis, idiopathic juvenile arthritis and, in those already
affected, it seems to reduce the risk of disease activation or
relapse. Adequate vitamin D levels in patients with Crohn’s
disease or systemic lupus erythematosus are associated with
reduced severity of the disease per se. Despite these promising
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results, further trials will be necessary to confirm the potential
role of vitamin D in preventing autoimmune diseases and in
improving their natural evolution(39). Vitamin D seems to be
protective for pulmonary function in asthmatic patients.
Studies conducted so far have demonstrated reduced levels
of vitamin D in patients with asthma, but the correlation
between vitamin D levels and pulmonary function is still
controversial(40).

Vitamin C

Vitamin C is a water-soluble vitamin that is found in the
human body in its reduced form, ascorbic acid. Fruits and
vegetables represent the major source of vitamin C. Vitamin
C is essential for collagen synthesis, particularly in the hydrox-
ylation of the amino acids proline and lysine, and therefore it is
important for the stability of connective tissue. Vitamin C is
also involved in many enzymic reactions, in the modulation
of functions of the central nervous system, and it also has
an antioxidant role by neutralising reactive oxygen species(41).
Recommended dietary allowances for vitamin C are between

35 and 75 mg/d depending on age(6).
Vitamin C deficiency, or scurvy, is a rare entity nowadays,

but it is still present in developing countries(42). Scurvy clinical
findings are mostly linked to the reduced production of colla-
gen with an increased capillary fragility with cutaneous and gin-
gival haemorrhages and musculoskeletal pain. Vitamin C
deficiency is more frequent in Western countries in the context
of restrictive diets in subjects with autism or neurological dis-
eases, reduced absorption due to gastrointestinal disorders,
and in renal conditions (chronic renal failure and dialysis).
As far as respiratory diseases are concerned, vitamin C sup-

plementation was not shown to be beneficial in the case of
upper airways inflammation, because it did not influence the
severity or the length of the disease(43). However, vitamin C
supplementation seems to be useful in the case of recurrent
respiratory infections. Garaiova et al.(44) have shown that
administration of vitamin C and probiotics for 6 months is
able to reduce the incidence (P= 0⋅002) and the length of
infections (P = 0⋅04), but this study takes into account the syn-
ergic action of both substances, so it is difficult to draw con-
clusions on vitamin C alone(44). Vitamin C supplementation is
able to reduce the duration and severity of community
acquired pneumonia in adult patients (both at low and high
doses up to 1⋅6 g/d), but no studies have been published so
far on the paediatric population(45). Despite the fact that a
role for vitamin C in histamine and prostaglandin metabolism
regulation in the lungs and bronchi has been demonstrated,
with a possible bronchodilator effect, Milan et al.(46) have
not yet shown a rationale for the use of vitamin C in allergic
or exercise-induced asthma. Due to its neuromodulatory and
antioxidant properties on the central nervous system, vitamin
C seems to have a beneficial effect on depression in children, if
utilised as a support therapy as an adjunct to standard ther-
apy(47). Moreover, studies have shown that vitamin C is able
to reduce pain sensation in many pain disorders like post-
herpetic neuralgia, oncological pain and regional pain syn-
dromes(48,49). In the field of haematology it is important to

underline the ability of vitamin C to increase Fe absorption,
converting Fe into its reduced form (i.e. Fe2+). Recent studies
suggest its ability, if administrated with oral Fe, to improve
haematological parameters in patients with Fe-refractory
Fe-deficiency anaemia (250 mg/d) for 10 weeks(50).
In dialysed patients or with chronic renal failure, supplemen-

tation of vitamin C was able to reduce blood levels of uric acid
and to improve the lipid profile(51). Vitamin C has shown
some effects in obesity, reducing the proinflammatory state
typical of this condition. However, further studies are neces-
sary to establish the precise effect of vitamin C in obesity(52).
To conclude, a recent meta-analysis testing the effects of
vitamin C administration on glucose and insulin levels showed
that vitamin C was able to significantly reduce glycaemia in
patients with type 2 diabetes, especially with prolonged
administration(53).

Vitamin B12

Vitamin B12 is a water-soluble vitamin that can be naturally
found in animal products. It is involved in DNA and Hb syn-
thesis and is fundamental for proper neurological function, in
order to maintain low levels of homocysteine to prevent dam-
age at the endothelial level, and it acts as a cofactor in numer-
ous metabolic pathways. Recommended intake for children
varies between 0⋅7 μg/d in toddlers and 2 μg/d during adoles-
cence(6). In order to be absorbed at the level of the terminal
ileus, it must bind to intrinsic factor produced by the gastric
mucosa. A frank vitamin B12 deficit, caused either by restrict-
ive diets (i.e. vegan diet) or by absorption problems, clinically
manifests itself with megaloblastic anaemia and neurological
symptoms. Also, certain drugs can reduce vitamin B12 levels
such as proton pump inhibitors, histamine-receptor antago-
nists and metformin(54).
Vegan diets are becoming increasingly popular nowadays

and, despite the fact that most International Societies for
Nutritional Health do not recommend them during comple-
mentary feeding, a growing number of mothers are becoming
vegan(55). Vitamin B12 deficiency during pregnancy is asso-
ciated with adverse events like pre-eclampsia, recurrent fetal
losses, intra-uterine growth retardation, preterm delivery, low
birth weight and neural tube defects(56) and infants born to
mothers with vitamin B12 deficiency during pregnancy have
a high risk of developing growth failure, anorexia, involuntary
movements, hyperpigmentation, abnormal electroencephalo-
gram (EEG) and delays in speech development(57).
Furthermore, it has been demonstrated that vitamin B12

milk concentrations are strongly influenced by maternal
serum vitamin B12

(58). Therefore the recommended vitamin
B12 supplementation for pregnant and lactating women should
be as high as 250 μg/week, while for children between 7
months and 6 years old should be around 1⋅4 μg/d(59).
Vitamin B12 serum concentration is measured in pmol/l and
it is considered depleted if below 120 pmol/l from birth to
6 month of age, below 165 pmol/l from 6 months to 12
month of age, and below 183 pmol/l from 12 months to 24
months of age(60). Concerning laboratory tests, the vitamin
B12 functional status can be evaluated by also measuring
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homocysteine and methylmalonic acid levels, which are typic-
ally increased in the case of vitamin B12 deficiency

(61).
Given its regulatory effect on homocysteine levels, vitamin

B12 has an important cardiovascular role, reducing levels of
homocysteine, but strong evidence is still lacking(62). Low
levels of vitamin B12 are associated with obesity and insulin
resistance, addressing a possible role for this vitamin in
adipogenesis(63,64).
As far as neurological system functioning is concerned,

studies conducted on the adult population have shown an
association between vitamin B12 deficiency and an increased
prevalence of dementia and cognitive decline, but were not
able to demonstrate positive effects in case of supplementa-
tion(65). Kvestad et al.(66) have shown how vitamin B12 status
during the first year of life is directly associated with neurocog-
nitive development (social, visual−spatial and motor abil-
ities)(66). Due to the high prevalence of vitamin B12

deficiency in children, associated with the risk of unfavourable
neurocognitive outcomes, there is the need for additional stud-
ies that analyse the long-term effects of vitamin B12 deficiency
and the role of eventual supplementation(67). Dobrozsi et al.(68)

reported four cases of children with vitamin B12 deficiency
secondary to pernicious anaemia, a presumed transport pro-
tein abnormality, and a metabolic defect. All subjects demon-
strated neurological compromise that improved after initiation
of vitamin B12 therapy. The authors also underlined that ther-
apy should be initiated promptly in this setting to prevent irre-
versible neuropathy(68).

Folic acid

Folic acid is a water-soluble vitamin included in the B-vitamin
group, also known as vitamin B9, and it is normally found in
various vegetables. Folic acid has been recognised as essential
in preventing congenital malformations, especially of the
neural tube, that may originate during the early phases of
embryogenesis.
Folic acid is also fundamental for nucleic acid synthesis,

amino acid metabolism and appropriate cellular replication.
Daily recommended intake is between 110 and 320 μg/d in
breastfed infants and adolescents(6,69). Inadequate diet is the
origin of most cases of folic acid deficiency, but a reduced
absorption or an increased need can occur with the adminis-
tration of certain drugs (i.e. barbiturates, oestroprogestinics),
high alcohol consumption, malabsorption disorders, and spe-
cific mutations in genes involved in folic acid metabolism.
Given its importance for the synthesis of DNA and for cellu-
lar replication, folic acid is a recognised therapy in patients
affected by sickle cell anaemia, due to the increased erythro-
poiesis and the need to increase folate reserves. Its effects
on anaemia are still not clear, requiring further trials aimed
at evaluating the effects of this supplementation on the mor-
bidity associated with sickle-cell disease(69).
Folic acid is an essential micronutrient for fetal develop-

ment, growth and haemopoiesis; for preterm infants the
European Society for Paediatric Gastroenterology, Hepatology
and Nutrition (ESPGHAN) Committee on Nutrition 2010(55)

recommended a minimum daily intake of 35 to 100 mg/kg.

Preterm infants receiving parenteral nutrition with high folic
acid content have no risk of folate deficiency during the first 2
months of age, but infants fed orally could be at risk for folate
deficiency. Micronutrient support of maternal milk and the
development of modern preterm formulas for preterm infants
have decreased the need for folic acid supplementation,
although the practice of folic acid supplementation remains
commonplace, in the absence of a systematic review to sup-
port folate supplementation in preventing anaemia of
prematurity(70).
Recently, researchers have also evaluated the association

between folic acid and respiratory conditions, with or without
atopy. An inverse relationship between folic acid levels and the
level of allergic inflammation was observed (RR 2⋅2; 95 % CI
1⋅1, 4⋅6). Additional studies have also correlated folic acid
levels with the severity of associated symptoms and with the
number of relapses(71).
WHO guidelines suggest that all women, from the moment

they begin trying to conceive until 12 weeks of gestation,
should take a folic acid supplement (400 μg folic acid daily)
to prevent neural tube defects. Questions remain about an
improved nutritional surveillance in order to find the appropri-
ate dose and supplementation scheme(72).

Conclusions

Vitamin supplementation is indicated in all those conditions in
which a vitamin deficiency is found, either because of a
reduced intake due to scarce availability of certain foods, unba-
lanced or restrictive diets, or inadequate absorption. Even in
children with Western-style diets it is important to search for
risk factors that could influence vitamin status, as deficiencies
are a common finding also in this population.
In Table 1 we have summarised the daily medium require-

ments of the vitamins.
The lack of guidelines in these fields may lead paediatricians

to an improper use of vitamins, both in terms of excessive use
or inadequate use. This is due to the fact that vitamin supple-
mentation is often intended as a therapy of support rather than
an essential therapeutic tool able to modify disease prognosis.
In order to avoid misunderstanding, in Table 2 we have
reported the different vitamins discussed in this article, their
role, dosage and significance in studies where vitamin integra-
tion was used in the paediatric age.

Table 1. Livelli di Assunzione di Riferimento di Nutrienti (LARN; Italian

levels of nutrient intake) medium daily requirements*

Age. . .

1–3

years

4–6

years

7–10

years

11–14

years

15–17

years

Vitamin A (μg) 200 250 350 400 400–500

Vitamin D (μg) 10 10 10 10 10

Vitamin C (mg) 25 30 45 55–65 60–75

Vitamin B12 (μg) 0⋅7 0⋅9 1⋅3 1⋅8 2

Folic acid (μg) 110 140 210 290 320

* Modified from SINU (Società Italiana di Nutrizione Umana)(6). AR is the minimum

requirement able to cover the needs in 50% of healthy subjects.
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In the literature, other possible applications of vitamin sup-
plementation have been reported, such as vitamin E for
patients with dengue fever(19), vitamin A supplementation in
measles(24), usefulness of vitamin C in disorders like depres-
sion, chronic renal failure and Fe-deficiency anaemia(47,51,50),
and vitamin D administration in patients with recurrent
otitis(38).
In Table 3 we have summarised a few studies that, according

to our knowledge, have shown very promising
results(15,18,28,35,36,39,40,44–46,48,49,52,53,63,66,67,69,71). However,
further studies are needed to confirm the usefulness of various
forms of vitamin administration and to analyse the long-term
effects. The demonstrated evidence summarised in Tables 2
and 3 are only suggestions, which can help paediatricians in
their daily practice. Guidelines on the need of vitamin supple-
mentation in subjects in which a clear deficiency is not present
are still lacking.

Acknowledgements

The authors declare that they did not receive any funding for
this work.

A. P. and L. P. provided inputs to the structure of the
manuscript; C. S. and L. M. wrote the first draft of the manu-
script; A. P., R. A., L. P. and G. P. critically reviewed the
manuscript for intellectual content. All authors read and
approved the final edits and approved the manuscript.
The authors declare that they have no relevant conflicts of

interest.

References

1. Pereira C, Barros L & Ferreira ICFR (2017) Dietary supplements:
foods, medicines, or both? A controversial designation with unspe-
cific legislation. Curr Pharm Des 23, 2722–2730.

2. Rock CL (2007) Multivitamin–multimineral supplements: who uses
them? Am J Clin Nutr 85, 277S–279S.

3. Bailey RL, Gahche JJ, Thomas PR, et al. (2013) Why US children
use dietary supplements. Pediatr Res 74, 737–741.

4. Kaganov B, Caroli M, Mazur A, et al. (2015) Suboptimal micronu-
trient intake among children in Europe. Nutrients 7, 3524–3535.

5. Mihatsch WA, Braegger C, Bronsky J, et al. (2016) Prevention of
vitamin K deficiency bleeding in newborn infants: a position
paper by the ESPGHAN committee on nutrition. J Pediatr
Gastroenterol Nutr 63, 123–129.

Table 2. Role, dosage and statistical significance of vitamin integration as an adjuvant in the treatment of diseases in children

Vitamins Pathology

Features of the trial and

population

Duration of

therapy Dosage P References

Vitamin E Dengue fever n 127, Randomised

double-blind study,

placebo-controlled study,

Indian population

7 d 200mg/d by mouth

(5–9 years)

400 mg/d by mouth

(10–12 years)

Clinical outcome,

P = 0⋅023
Laboratory outcomes,

P < 0⋅05

(19)

Vitamin D Acute otitis media n 116, Randomised

double-blind study,

placebo-controlled study,

Italian population

4 months 25 μg/d, oral P = 0⋅03 (38)

Vitamin A Measles n 105, Randomised

double-blind study,

placebo-controlled study,

Japanese population

1 d 30 mg, oral P < 0⋅05 (24)

Vitamin C Depression n 12, Randomised

double-blind,

placebo-controlled pilot

study, Egyptian population

6 weeks 1000 g/d, oral P < 0⋅0001 (47)

Vitamin C Fe-deficiency anaemia,

Fe-refractory

n 7, Prospective study 10 weeks 250mg/d plus Fe

supplementation,

by mouth

P = 0⋅04 (50)

Vitamin C Chronic renal failure n 60, Randomised

single-blind,

placebo-controlled study,

Egyptian population

Three times per

week for 12

weeks

250mg/d,

intravenous

P < 0⋅0001 (51)

Table 3. Fields of application of vitamin supplementation in which evidence is still lacking

Vitamin Studies References

Vitamin E β-Thalassaemia, non-alcoholic steatohepatitis (15,18)

Vitamin D Respiratory infections, asthma, autoimmune disorders, type 1 and 2 diabetes (28,35,36,39,40)

Vitamin C Pneumonia, allergic and exercise-induced asthma, acute and chronic respiratory infections,

pain control, obesity, type 2 diabetes

(44–46,48,49,52,53)

Vitamin B12 Neurocognitive development, peripheral neuropathy, obesity and insulin resistance (63,66)

Folic acid Sickle-cell disease, allergic inflammation (67,69,71)

6

journals.cambridge.org/jns
ht

tp
s:

//
do

i.o
rg

/1
0.

10
17

/jn
s.

20
20

.1
2 

Pu
bl

is
he

d 
on

lin
e 

by
 C

am
br

id
ge

 U
ni

ve
rs

ity
 P

re
ss

https://doi.org/10.1017/jns.2020.12


6. SINU (Società Italiana di Nutrizione Umana) (2017) LARN: Livelli
di Assunzione Italiana, Nutrienti ed energia per la popolazione (LARN:
Italian Intake Levels, Nutrients and Energy for the Population). Rome:
SICS Editore.

7. Klein EA, Thompson IMJ, Tangen CM, et al. (2011) Vitamin E and
the risk of prostate cancer: the Selenium and Vitamin E Cancer
Prevention Trial (SELECT). JAMA 306, 1549–1556.

8. Traber MG (2014) Vitamin E inadequacy in humans: causes and
consequences. Adv Nutr 5, 503–514.

9. Brion LP, Bell EF & Raghuveer TS (2003) Vitamin E supplemen-
tation for prevention of morbidity and mortality in preterm infants.
Cochrane Database Syst Rev, issue 4, CD003665.

10. Traber MG (2007) Heart disease and single-vitamin supplementa-
tion. Am J Clin Nutr 85, 293S–299S.

11. Blumberg JB & Frei B (2007) Why clinical trials of vitamin E and
cardiovascular diseases may be fatally flawed. Commentary on “The
relationship between dose of vitamin E and suppression of oxida-
tive stress in humans”. Free Radic Biol Med 43, 1374–1376.

12. Lee I-M, Cook NR, Gaziano JM, et al. (2005) Vitamin E in the pri-
mary prevention of cardiovascular disease and cancer: the Women’s
Health Study: a randomized controlled trial. JAMA 294, 56–65.

13. Goldenstein H, Levy NS, Lipener YT, et al. (2013) Patient selection
and vitamin E treatment in diabetes mellitus. Expert Rev Cardiovasc
Ther 11, 319–326.

14. Sato K, Gosho M, Yamamoto T, et al. (2015) Vitamin E has a bene-
ficial effect on nonalcoholic fatty liver disease: a meta-analysis of
randomized controlled trials. Nutrition 31, 923–930.

15. El Hadi H, Vettor R & Rossato M (2018) Vitamin E as a treatment
for nonalcoholic fatty liver disease: reality or myth? Antioxidants
(Basel) 7, E12.

16. Pierpaoli E, Cirioni O, Barucca A, et al. (2011) Vitamin E supple-
mentation in old mice induces antimicrobial activity and improves
the efficacy of daptomycin in an animal model of wounds infected
with methicillin-resistant Staphylococcus aureus. J Antimicrob Chemother
66, 2184–2185.

17. Johnson GJ, Vatassery GT, Finkel B, et al. (1983) High-dose vita-
min E does not decrease the rate of chronic hemolysis in glucose-6-
phosphate dehydrogenase deficiency. N Engl J Med 308, 1014–
1017.

18. Pfeifer WP, Degasperi GR, Almeida MT, et al. (2008) Vitamin E
supplementation reduces oxidative stress in beta thalassaemia inter-
media. Acta Haematol 120, 225–231.

19. Chathurangana PW, Samaranayake D, Gunalini Quienters V, et al.
(2017) Effects of vitamin E supplementation on the clinical out-
come of dengue fever and dengue haemorrhagic fever in children.
Asian Pac J Trop Dis 7, 645–649.

20. Penniston KL & Tanumihardjo SA (2006) The acute and chronic
toxic effects of vitamin A. Am J Clin Nutr 83, 191–201.

21. Imdad A, Mayo-Wilson E, Herzer K, et al. (2017) Vitamin A sup-
plementation for preventing morbidity and mortality in children
from six months to five years of age. Cochrane Database Syst Rev,
issue 3, CD008524.

22. Grotto I, Mimouni M, Gdalevich M, et al. (2003) Vitamin A supple-
mentation and childhood morbidity from diarrhea and respiratory
infections: a meta-analysis. J Pediatr 142, 297–304.

23. Yurdakok K, Ozmert E, Yalcin SS, et al. (2000) Vitamin A supple-
mentation in acute diarrhea. J Pediatr Gastroenterol Nutr 31, 234–237.

24. Kawasaki Y, Hosoya M, Katayose M, et al. (1999) The efficacy of
oral vitamin A supplementation for measles and respiratory syncyt-
ial virus (RSV) infection (article in Japanese). Kansenshogaku Zasshi
73, 104–109.

25. Yang HM, Mao M & Wan C (2005) Vitamin A for treating measles
in children. Cochrane Database Syst Rev, issue 4, CD001479.

26. Darlow BA, Graham PJ & Rojas-Reyes MX (2016) Vitamin A sup-
plementation to prevent mortality and short- and long-term mor-
bidity in very low birth weight infants. Cochrane Database Syst Rev,
issue 8, CD000501.

27. Alpha-Tocopherol Beta Carotene Cancer Prevention Study Group
(1994) The effect of vitamin E and beta carotene on the incidence

of lung cancer and other cancers in male smokers. N Engl J Med
330, 1029–1035.

28. Dakshinamurti K (2015) Vitamins and their derivatives in the pre-
vention and treatment of metabolic syndrome diseases (diabetes).
Can J Physiol Pharmacol 93, 355–362.

29. Sirisinha S (2015) The pleiotropic role of vitamin A in regulating
mucosal immunity. Asian Pacific J Allergy Immunol 33, 71–89.

30. Dalle Carbonare L, Valenti MT, Del Forno F, et al. (2018) Vitamin
D daily versus monthly administration: bone turnover and adipose
tissue influences. Nutrients 10, E1934.

31. Vogiatzi MG, Jacobson-Dickman E & DeBoer MD (2014) Vitamin
D supplementation and risk of toxicity in pediatrics: a review of
current literature. J Clin Endocrinol Metab 99, 1132–1141.

32. Braegger C, Campoy C, Colomb V, et al. (2013) Vitamin D in the
healthy European paediatric population. J Pediatr Gastroenterol Nutr
56, 692–701.

33. Lerch C & Meissner T. (2007) Interventions for the prevention of
nutritional rickets in term born children. Cochrane Database Syst Rev,
issue 4, CD006164.

34. Yang Y, Li Z, Yan G, et al. (2018) Effect of different doses of vita-
min D supplementation on preterm infants – an updated
meta-analysis. J Matern Fetal Neonatal Med 31, 3065–3074.

35. Ziaei-Kajbaf T, Aminzadeh M, Fatahinezhad E, et al. (2018)
Vitamin D status in diabetic children and adolescents. Diabetes
Metab Syndr 12, 849–852.

36. Yakoob MY, Salam RA, Khan FR, et al. (2016) Vitamin D supple-
mentation for preventing infections in children under five years of
age. Cochrane Database Syst Rev, issue 11, CD008824.

37. Das RR, Singh M & Naik SS (2018) Vitamin D as an adjunct to
antibiotics for the treatment of acute childhood pneumonia.
Cochrane Database Syst Rev, issue 7, CD011597.

38. Marchisio P, Consonni D, Baggi E, et al. (2013) Vitamin D supple-
mentation reduces the risk of acute otitis media in otitis-prone chil-
dren. Pediatr Infect Dis J 32, 1055–1060.

39. Yang C-Y, Leung PSC, Adamopoulos IE, et al. (2013) The implica-
tion of vitamin D and autoimmunity: a comprehensive review. Clin
Rev Allergy Immunol 45, 217–226.

40. Jat KR & Khairwa A (2017) Vitamin D and asthma in children: a
systematic review and meta-analysis of observational studies. Lung
India 34, 355–363.

41. Pecoraro L, Martini L, Antoniazzi F, et al. (2018) Vitamin C: should
daily administration keep the paediatrician away? Int J Food Sci Nutr
70, 513–517.

42. Velandia B, Centor RM, McConnell V, et al. (2008) Scurvy is still
present in developed countries. J Gen Intern Med 23, 1281–1284.

43. Hemilä H & Chalker E (2013) Vitamin C for preventing and treating
the common cold. Cochrane Database Syst Rev, issue 1, CD000980.

44. Garaiova I, Muchová J, Nagyová Z, et al. (2014) Probiotics and
vitamin C for the prevention of respiratory tract infections in chil-
dren attending preschool: a randomised controlled pilot study. Eur J
Clin Nutr 69, 373.

45. Hemilä H (2017) Vitamin C and infections. Nutrients 9, E339.
46. Milan SJ, Hart A & Wilkinson M (2013) Vitamin C for asthma and

exercise-induced bronchoconstriction. Cochrane Database Syst Rev,
issue 10, CD010391.

47. Amr M, El-Mogy A, Shams T, et al. (2013) Efficacy of vitamin C as
an adjunct to fluoxetine therapy in pediatric major depressive dis-
order: a randomized, double-blind, placebo-controlled pilot study.
Nutr J 12, 31.

48. Carr AC & McCall C (2017) The role of vitamin C in the treatment
of pain: new insights. J Transl Med 15, 77.

49. Aim F, Klouche S, Frison A, et al. (2017) Efficacy of vitamin C in
preventing complex regional pain syndrome after wrist fracture: a
systematic review and meta-analysis. Orthop Traumatol Surg Res
103, 465–470.

50. Sourabh S, Bhatia P & Jain R (2019) Favourable improvement in
haematological parameters in response to oral iron and vitamin C
combination in children with iron refractory iron deficiency anemia
(IRIDA) phenotype. Blood Cells Mol Dis 75, 26–29.

7

journals.cambridge.org/jns
ht

tp
s:

//
do

i.o
rg

/1
0.

10
17

/jn
s.

20
20

.1
2 

Pu
bl

is
he

d 
on

lin
e 

by
 C

am
br

id
ge

 U
ni

ve
rs

ity
 P

re
ss

https://doi.org/10.1017/jns.2020.12


51. El Mashad GM, El Sayed HM & Nosair NA (2016) Effect of vita-
min C supplementation on lipid profile, serum uric acid, and ascor-
bic acid in children on hemodialysis. Saudi J Kidney Dis Transpl 27,
1148–1154.

52. Garcia OP, Ronquillo D, del Carmen Caamano M, et al. (2013)
Zinc, iron and vitamins A, C and e are associated with obesity,
inflammation, lipid profile and insulin resistance in Mexican school-
aged children. Nutrients 5, 5012–5030.

53. Ashor AW, Werner AD, Lara J, et al. (2017) Effects of vitamin C
supplementation on glycaemic control: a systematic review and
meta-analysis of randomised controlled trials. Eur J Clin Nutr 71,
1371–1380.

54. Chapman LE, Darling AL & Brown JE (2016) Association between
metformin and vitamin B12 deficiency in patients with type 2 dia-
betes: a systematic review and meta-analysis. Diabetes Metab 42,
316–327.

55. Fewtrell M, Bronsky J, Campoy C, et al. (2017) Complementary
feeding: a position paper by the European Society for Paediatric
Gastroenterology, Hepatology, and Nutrition (ESPGHAN)
Committee on Nutrition. J Pediatr Gastroenterol Nutr 64, 119–132.

56. Villalpando S (2008) Effects of folate and vitamin B12 deficiencies
during pregnancy on fetal, infant, and child development. Food Nutr
Bull 29, Suppl. 2, S112–S115.

57. Bailey HD, Miller M, Langridge A, et al. (2012) Maternal dietary
intake of folate and vitamins B6 and B12 during pregnancy and
the risk of childhood acute lymphoblastic leukemia. Nutr Cancer
64, 1122–1130.

58. Specker BL, Black A, Allen L, et al. (1990) Vitamin B-12: low milk
concentrations are related to low serum concentrations in vegetar-
ian women and to methylmalonic aciduria in their infants. Am J
Clin Nutr 52, 1073–1076.

59. Pawlak R (2017) To vegan or not to vegan when pregnant, lactating
or feeding young children. Eur J Clin Nutr 71, 1259–1262.

60. Allen LH, Miller JW, de Groot L, et al. (2018) Biomarkers of
Nutrition for Development (BOND): vitamin B-12 review. J Nutr
148, Suppl. 4, 1995S–2027S.

61. Green R, Allen LH, Bjorke-Monsen A-L, et al. (2017) Vitamin B12

deficiency. Nat Rev Dis Primers 3, 17040.
62. Lichtenstein AH, Appel LJ, Brands M, et al. (2006) Diet and lifestyle

recommendations revision 2006: a scientific statement from the
American Heart Association Nutrition Committee. Circulation 114,
82–96.

63. Ho M, Halim JH, Gow ML, et al. (2014) Vitamin B12 in obese
adolescents with clinical features of insulin resistance. Nutrients 6,
5611–5618.

64. Iglesia I, Gonzalez-Gross M, Huybrechts I, et al. (2017) Associations
between insulin resistance and three B-vitamins in European adoles-
cents: the HELENA study. Nutr Hosp 34, 568–577.

65. Eussen SJ, de Groot LC, Joosten LW, et al. (2006) Effect of oral
vitamin B-12 with or without folic acid on cognitive function in
older people with mild vitamin B-12 deficiency: a randomized,
placebo-controlled trial. Am J Clin Nutr 84, 361–370.

66. Kvestad I, Hysing M, Shrestha M, et al. (2017) Vitamin B-12 status
in infancy is positively associated with development and cognitive
functioning 5 y later in Nepalese children. Am J Clin Nutr 105,
1122–1131.

67. Venkatramanan S, Armata IE, Strupp BJ, et al. (2016) Vitamin B-12
and cognition in children. Adv Nutr 7, 879–888.

68. Dobrozsi S, Flood VH, Panepinto J, et al. (2014) Vitamin B12 defi-
ciency: the great masquerader. Pediatr Blood Cancer 61, 753–755.

69. Dixit R, Nettem S, Madan SS, et al. (2018) Folate supplementation
in people with sickle cell disease. Cochrane Database Syst Rev, issue 2,
CD011130.

70. Oncel MY, Calisici E, Ozdemir R, et al. (2014) Is folic acid supple-
mentation really necessary in preterm infants≤ 32 weeks of gesta-
tion? J Pediatr Gastroenterol Nutr 58, 188–192.

71. Blatter J, Brehm JM, Sordillo J, et al. (2016) Folate deficiency, atopy,
and severe asthma exacerbations in Puerto Rican children. Ann Am
Thorac Soc 13, 223–230.

72. De-Regil LM, Fernandez-Gaxiola AC, Dowswell T, et al. (2010)
Effects and safety of periconceptional folate supplementation for pre-
venting birth defects. Cochrane Database Syst Rev, issue 10, CD007950.

8

journals.cambridge.org/jns
ht

tp
s:

//
do

i.o
rg

/1
0.

10
17

/jn
s.

20
20

.1
2 

Pu
bl

is
he

d 
on

lin
e 

by
 C

am
br

id
ge

 U
ni

ve
rs

ity
 P

re
ss

https://doi.org/10.1017/jns.2020.12

	Appropriate and inappropriate vitamin supplementation in children
	Material and methods
	Vitamin E
	Vitamin A
	Vitamin D
	Vitamin C
	Vitamin B12
	Folic acid
	Conclusions
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


