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ABSTRACT

Adolescence is a period of transition between childhood and adulthood. A number of functional, physical,
psychological, sexual, and emotional changes occur. This important period introduces the adolescent to the
world of adults. Cognitive and social changes often bring worry and anxiety not only to the adolescents, but
also to their family. Due to the onset of puberty, skeletal mass, body fat, and lean body mass increase. This
leads to the need to increase caloric food intake. Vitamins are necessary for the processing of macronutri-
ents (proteins, carbohydrates, lipids) and micronutrients (minerals). They take part in the formation of
blood cells, hormones, and genetic material, in the transmission of nerve impulses, and in maintaining the
immune system. Vitamins act as coenzymes to help enzymes perform their functions in the body.
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INTRODUCTION

Nutrition is essential for the growth and devel-
opment of children and adolescents. It contributes to
their health and well-being, helps in the fight against
obesity and a number of chronic diseases. A bal-
anced diet is one that has covered all the macro- and
micronutrient needs. It has been found that, even in
the most developed countries, a large part of the pop-
ulation does not get essential vitamins and minerals
in their diet, and even groups of the population are at
risk of nutritional or emotional disorder, and physi-
ological stress. The risk is greatest for pregnant wom-
en, nursing mothers, children, adolescents, smokers,
alcoholics, the elderly, and the chronically ill (1).

Macro- and micronutrients, to which vitamins
belong, have a vital importance in the balance be-
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tween the risk factors for the development of system-
ic and dental disease and the response of the mac-
roorganism. The appearance and progression of the
disease depends on this balance (2).

Unhealthy diet during childhood and adoles-
cence is associated with health consequences. Inad-
equate dietary intake of energy, proteins, and cer-
tain trace elements leads to changes in growth rates,
delay in sexual maturation, inadequate bone mass,
and insufficient amount of vitamins and minerals in
the body. In the future, the risk of developing health
problems increases, such as obesity, iron deficien-
cy, dental caries, and gingival inflammation. A re-
duced resistance of children to infectious diseases is
observed. Nutrition is important for adolescents as
it affects their mental and physical development (3).

Physiological changes during puberty, as well as
brain maturation, inevitably lead to changes in eat-
ing behavior. A key process that distinguishes ado-
lescence is bone development. This imposes addi-
tional nutritional requirements during puberty. The
right choice of a healthy diet based on a good food
pattern is important. Parents have an essential role
in this choice. Modern food pyramids show a shift
from animal-based foods to plant-based foods. In
turn, foods of animal origin have been replaced by
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the consumption of legumes, whole grains, vegeta-
bles, fruits, and nuts. This type of eating pattern im-
proves health while protecting the environment (4).

Due to the physiological changes during puber-
ty, the need to increase the total nutritional intake
and energy requirements also increases. Most often,
adolescents have diets poor in vitamins and miner-
als, including folic acid, vitamins A, C, B6, and E,
iron, magnesium, zinc, phosphorus, and calcium (5).
Additionally, fewer adolescents are consuming di-
etary fiber as opposed to saturated fat, sodium, cho-
lesterol, and added sugar. Radhi et al. examined vita-
mins A, C, E, and total protein, which are part of the
composition of saliva (6). The results showed that the
value of these vitamins and total salivary protein was
significantly lower in malnourished children (7).

Adolescent males have a significant increase in
weight and lean body mass as well as height, therefore
they have a greater need for calories than adolescent
females. In addition, adolescents who are more phys-
ically active and have greater muscle body mass need
additional energy to meet their needs (5).

Vitamins are organic substances that are need-
ed in small amounts for proper growth, development
and optimal health. They are divided into 2 large
groups—fat-soluble and water-soluble vitamins. Fat-
soluble vitamins include: vit. A, vit. D, vit. E, vit. K.
The group of water-soluble vitamins includes: vit. C,
vit. B, vit. B2, vit. B6, vit. B12, folic acid, biotin, and
pantothenic acid (8).

The dynamics of dental development are direct-
ly related to complete nutrition. In the formation of
tooth germ and the initial mineralization phases, the
nutritional status and vitamin deficiency have a sig-
nificant impact. There is a direct link between mal-
nutrition, vitamin deficiency, and disturbances of
primary teeth, such as hypoplasias and hypominer-
alizations (2). In general, malnutrition and associated
vitamin deficiency increase the occurrence of enamel
hypoplasia in children (9).

Vitamin deficiency is expressed not only by in-
sufficient growth and development, but also by man-
ifestations on the oral mucosa (tongue, lips, soft tis-
sues). Hypovitaminoses are accompanied by several
non-specific oral conditions, such as glossitis, stoma-
titis, and aphthae. Linear glossitis is thought to be an
early sign of vitamin B12 deficiency (10).

FAT-SOLUBLE VITAMINS

Fat-soluble vitamins—vit. A, vit. D, vit. E, and
vit. K, are absorbed through the intestinal walls with
the help of fats in the food or the bile produced by the
liver. They are not destroyed by cooking. They are
stored in body fat. Vitamin A and D accumulate in
the body with hypervitaminosis occasionally being
observed (11).

Vitamin A

It is also known as retinol and is the active form
of the vitamin. It helps to build and maintain healthy
tissues, such as skin, hair, nails, and mucous mem-
branes. Vitamin A supports good vision and the im-
mune system. When obtained from food sources, it is
known as preformed vitamin A. It is found in animal
foods such as liver, fish, fish liver oil, eggs, and forti-
fied whole milk. Beta carotene is the precursor of vit.
A and it is contained in yellow-green fruits and vege-
tables, such as broccoli, spinach, carrots, sweet pota-
toes, apricots, pumpkins, and melons (8).

Good sources of vitamin A can be: beef liver,
chicken breast, milk, yogurt, ricotta cheese, baked
beans, apricots, mangoes, tomato juice, and melons.

Vitamin A is involved in the formation of rho-
dopsin, necessary for the normal maintenance of the
retina, in the control of epithelial differentiation and
in the secretion of salivary glands, nose, throat, in
bone remodeling, and in reproduction. It is essential
for the membrane structures of cells and supports
the health of oral structures such as teeth, periodon-
tium, and mucosa. (12)

Vitamin A has antioxidant properties through
which it supports the periodontal complex. Vitamin
therapy with vitamins A, E, and K is used to treat
periodontal diseases (13,14).

Recommended daily dose:

@ Adolescents (10-13 years): 600 pg retinol activi-
ty equivalents (RAE)

@ Boys (14-19 years): 900 ug RAE

@ Girls (14-19 years): 700 ug RAE (15)

Vitamin A hypovitaminosis is associated with
dry and atrophic oral mucosa, often accompanied by
angular cheilitis. The lips are dry, cracked, with the
presence of crusts on them. Angular cheilitis can also
be observed in vit. A hypervitaminosis (16).

Vitamin D
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Vitamin D exists in three forms and only two of
them, vitamin D2 and D3, are of nutritional impor-
tance. The D2 form is called ergocalciferol, the D3
form is called cholecalciferol, and both are fats. They
are stable to culinary processing, storage and acid-
ity, but are sensitive to light irradiation. Vitamin D2
is derived from the provitamin ergosterol present in
plants, fungi, and yeast. D3 is the synthetic form of
the vitamin, when ergosterol is irradiated with ultra-
violet light. Cholecalciferol is the naturally occurring
form of vitamin D in animal tissues and is produced
in the skin. Its precursor, 7-dehydrocholesterol, is
converted to D3 when irradiated by light. Vitamin D
belongs to the fat-soluble secosteroids. This class of
steroids helps the absorption of calcium, magnesium
and phosphate (11).

Optimal amount of vit. D can be achieved by
biosynthesis in human skin (17). In the absence or
insufficient UVB irradiation of the skin, vit. D must
be obtained through food or additional supplemen-
tation (18, 19). Bulgaria is included in the list of Eu-
ropean countries with insufficient intensity of UVB
light in winter (20). This is so because of its location
from 41°14’ to 44°12 N latitude (21).

Vitamin D3 occurs naturally but in small
amounts in egg yolk, liver, fish, such as herring, sar-
dines, tuna, and salmon. Vitamins D2 and D3 are
equally powerful as nutritional supplements. Milk
and cheese are products with an excellent supply of
calcium and phosphorus. Vitamin D supports their
absorption for the proper development of teeth and
bones. For this reason, milk and dairy products are
the only foods fortified with vitamin D. Breast milk
is not a complete source of vitamin D. Vitamin D
supplements are prescribed by pediatricians for preg-
nant women, nursing mothers, and adolescents (12).

Vitamin D is vital for a number of organs and
systems, and their proper functioning (immune sys-
tem, brain function) (22).

Vitamin D functions as a vitamin and as a
hormone, because it is present in food, but it is also
formed in the skin. It affects distant target organs
and, in particular, the gastrointestinal tract and
bones. The main action of the vitamin is to promote
the absorption of intestinal calcium and phosphate.
Both calcium and phosphorus are involved in the
formation and functioning of bones, teeth, nerves,

and muscles. By maintaining adequate levels of se-
rum calcium and phosphorus, vit. D also affects the
parathyroid glands.

Recommended daily dose:

& Adolescents (10-19 years): 15 pg (600 IU) (23)

A higher body mass index (BMI) was found to
be a predictor of lower vit. D intake in adolescents
(18).

Vitamin D deficiency is associated with the two
most common oral diseases—caries and periodontal
diseases. Decreased bone density and progression of
periodontal diseases are observed. It is also a risk fac-
tor for the development of early childhood caries (24,
25).

Vitamin D deficiency leads to inferior lami-
na dura of both temporary and permanent teeth.
There is a low mineralization of the dentin, delayed
tooth eruption, delayed development and closure
of the apex of the root canals, development of peri-
apical abscesses of non-cariogenic origin, and trau-
ma of the teeth. A deficiency of this vitamin means
that it is possible that the pulp horns are with high-
er exposure, the pulp chamber is enlarged, and taur-
odontism is observed (26,27).

Vitamin E

Vitamin E is also known as tocopherol. This is
a group of vitamins whose main function is as an-
tioxidants. Tocopherols serve to eliminate free radi-
cals obtained during oxidation-reduction processes
in the body (23). In addition, vitamin E aids in the
formation of red blood cells, muscles, and other tis-
sues. Vitamin E is found in vegetable oils (soybean,
corn, cottonseed, safflower) and in products such as
margarine made from these oils. Foods rich in poly-
unsaturated fatty acids are also rich in vitamin E (8).
The requirement for vitamin E intake is proportional
to the amount and degree of unsaturation of polyun-
saturated fatty acids in the diet. The less polyunsat-
urated fats are consumed, the less vitamin E is need-
ed (12).

Recommended daily dose:

@ Adolescents (10-13 years): 11 mg
& Adolescents (14-19 years): 15 mg

Vitamin K

Vitamin K occurs in nature in two forms—K1
and K2, with the K1 group found in green plants and
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cow’s milk, and the K2 group being produced by bac-
terial synthesis in the gut. Vitamins K1 and K2 are
yellowish oils, unstable to ultraviolet light and unsta-
ble to strong acids and bases. The primary function
of vitamin K is to catalyze the synthesis of the coag-
ulation factor prothrombin by the liver. Vitamin K is
also essential for the production of other clotting fac-
tors, such as VII, IX, and X. In the absence of these
factors, prothrombin deficiency develops and blood
clotting is prolonged. Prothrombin is formed by car-
boxylation of a precursor protein as a result of the
presence of vitamin K. In the presence of thrombo-
plastin and calcium ions, prothrombin is converted
to the enzyme thrombin. It then catalyzes the con-
version of soluble fibrinogen into the insoluble fibrin
that forms the blood clot.
Recommended daily dose:
% Adolescents (10-13 years): 60 ug
@ Adolescents (14-18 years): 75 pg (15)

WATER-SOLUBLE VITAMINS

Unlike fat-soluble vitamins, water-soluble vita-
mins are not stored in the human body. This group
of vitamins dissolves quickly in water and is usu-
ally easily excreted from the body. Their daily con-
sumption through food is essential. Water-soluble vi-
tamins are very fragile and are naturally present in
food. However, a large part of them can be destroyed
during preparation (11).

Vitamin C

It belongs to the group of water-soluble vita-
mins and is one of the heat-sensitive vitamins. Also
known as ascorbic acid, it is also a powerful antioxi-
dant. Vitamin C supports the formation of collagen
and is important in wound healing (23). Vitamin C
supports immunity and promotes the absorption of
non-heme iron in the mucosa. It participates in the
synthesis of carnitine, catecholamines, adrenaline,
and noradrenaline (1).

It also contributes to the integrity of cells, such
as fibroblasts, osteoblasts, and odontoblasts, involved
in the development of connective tissue, bones, and
teeth. The role of vitamin C in the synthesis of hor-
mones by the adrenal gland explains its high concen-
tration in adrenal tissues. Vitamin C is also involved
in the metabolism of the amino acid tyrosine (28).

Vitamin C has a powerful antioxidant protec-
tion. A relationship between serum and salivary con-
centration of the vitamin has been found to decrease
with an increase in caries activity in the oral cavi-
ty (29).

Sources of vitamin C are citrus fruits, toma-
toes, cabbage, cauliflower, cantaloupe, strawberries,
and dark green vegetables, such as broccoli, green
peppers, spinach, and Brussels sprouts (8). Sprout-
ed pulses contain very good amounts of vitamin C.
Amla, gooseberry, and guava are the richest sourc-
es of ascorbic acid (23). Breast milk contains three to
four times more vitamin C than cow’s milk, except
in cases where this vitamin is deficient. The chemi-
cal form of vitamin C is exactly the same as that con-
tained in oranges or rose hips. The body cannot dis-
tinguish between natural and chemical sources of vi-
tamin C (28).

Recommended daily dose:

¢ Children (9-13 years): 39 mg per day
@ Girls (14-18 years): 56 mg per day
@ Girls over 19 years: 60 mg per day
& Boys (14-18 years): 63 mg per day

Severe deficiency of this water-soluble vitamin
can lead to scurvy and should therefore be prevent-
ed. Changes in periodontal tissues are observed (30).

Vitamin Bl (Thiamine)

Vitamin B, called thiamine, is part of the
group of water-soluble vitamins. Its main function
is to support the metabolism of carbohydrates. It is
necessary for the normal functioning of muscles and
participates in the oxidative carboxylation of glucose.
It is necessary for the existence of all life forms (1).

Its food sources are whole grains, wheat, yeast,
legumes, oilseeds, and nuts. Meat, fish, eggs, vegeta-
bles, and fruits contain less of the vitamin.

Recommended daily dose:

¢ Boys (14-18 years): 1.1-1.2 mg per day
@ Girls (14-18 years): 0.9 mg per day (31)

With thiamine deficiency, hypersensitivity of
the oral mucosa is observed with the appearance of
pain in the tongue, teeth, jaws, and face (32).

Vitamin B2 (Riboflavin)

Riboflavin is a cofactor of enzymes involved
in metabolism. Its key role is involvement in cellu-
lar oxidation (33). It plays a role in the release of ener-
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gy from carbohydrate metabolism and is essential for
the functioning of vitamin B6 and niacin. Vitamin
B2 is involved in the maintenance of mucous mem-
branes in the human body (8). This vitamin is one of
the most stable vitamins in acidic pH and with mini-
mal losses in neutral pH (34).

Sources of vitamin B2 are milk, eggs, liver, kid-
ney, and green leafy vegetables. Meat and fish con-
tain smaller amounts of this vitamin (33).

Vitamin B2 deficiency is associated with dry
oral mucosa, cracking and fissuring of the lips, and
glossitis (32).

Recommended daily dose:

& Boys (14-18 years): 0.9-1.3 mg per day
& Girls (14-18 years): 0.9-1.0 mg per day (31)

Vitamin B3 (Niacin)

Vitamin B3, also known as niacin, nicotinic
acid, and niacinamide, acts as a coenzyme facilitat-
ing energy production and is involved in tissue cell
respiration (8). Niacin plays a role in metabolizing
macronutrients. It is important for the normal func-
tioning of the skin, intestines, and nervous system.
Sources of vitamin B3 are liver, kidneys, meat, poul-
try, fish, legumes, and groundnuts. The human body
can convert the amino acid tryptophan into niacin
(33).

Recommended daily dose:

& Boys (14-18 years): 12-20 mg per day
@ Girls (14-18 years): 12-15 mg per day (31)

Oral manifestations in vitamin B3 deficiency
are presented by redness and soreness of the oral mu-
cosa and increased salivation. Glossitis with desqua-
mation of the epithelium and subsequently with de-
papillation are observed (32).

Vitamin B5 (Pantothenic Acid)

Pantothenic acid is involved in the metabolism
of macronutrients—carbohydrates, fats, and pro-
teins. It participates in the formation of hormones
and substances for the regulation of the nervous sys-
tem. Vitamin B5 is widely distributed in food, abun-
dantly found in meat, whole grains, and legumes.
Pantothenic acid is lost during heavy food process-
ing and refining (8).

Recommended daily dose:

& Children (9-13 years): 4 mg per day
& Adolescents (14-18 years): 5 mg per day (30)

Children and adolescents over the age of 9 do
not take pantothenic acid in the prescribed doses for
their age. The lowest consumption of this vitamin
was observed in boys aged 9-13 years and girls aged
over 14 years (34).

Vitamin B6 (Pyridoxine)

Pyridoxine exists in three forms: pyridoxine,
pyridoxal, and pyridoxamine. Vitamin B6 is an en-
zyme cofactor that participates in over 140 biochem-
ical reactions, both for the synthesis and breakdown
of the macronutrients (35).

It participates in the synthesis of nucleic acids
and protective antibodies. It is necessary for the nor-
mal development of blood cells in the bone marrow.
Sources of pyridoxine are milk, liver, meat, egg yolk,
fish, whole grains and cereals, legumes, and vegeta-
bles (33). Other good sources are rice, soybeans, oats,
peanuts, and walnuts. Research by Lebiedzinska A.
et al. confirmed that cereals are an important source
of all three B6 vitamins (35). Dairy products and red
meat are relatively poor in vitamin B6.

Recommended daily dose:

& Children (9-13 years): 0.8 mg per day
& Adolescents (14-18 years): 1.1 mg per day (30)

Vitamin B7 (Biotin)

Biotin is a water-soluble vitamin that is involved
in the synthesis of fatty acids. It plays a role in carbo-
hydrate metabolism and energy release. It is also es-
sential for many enzyme functions. Sources include
liver, eggs, egg yolk, soy, flour, and grains. Fruit and
meat are poor sources of vitamin B7. Biotin can also
be synthesized by microorganisms in the intestinal
tract (8).

Recommended daily dose:

® Adolescents (14-18 years): 20-25 mg per day

(31)

Vitamin B9 (Folic Acid)

Vitamin B9 is also known as folic acid. Folic
acid has a role in the synthesis of nucleic acids and
participates in the formation of hemoglobin in red
blood cells. Hemoglobin is the iron-containing part
of erythrocytes. Sources of vitamin B9 include liv-
er, meat, dairy products, eggs, milk, fruit, and grains
(33).

The role of folic acid in tissue building is essen-
tial and is necessary for the integrity of the periodon-
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tium. This is evidenced by numerous studies. There
is evidence that there is reduced risk of developing
clefts of the lips and hard palate when taking vita-
min B9 (36, 37).
Recommended daily dose:
& Adolescents: 400 pg per day

Adolescents who take folic acid above the aver-
age need are only 1.5%, which raises concern. The in-
take of vitamin B9 among children and adolescents
over 9 years of age has decreased (38, 39).

Vitamin B9 deficiency is associated with the oc-
currence of angular cheilitis, recurrent aphthous sto-
matitis, painful, reddened tongue, and depapilled
tongue (40).

Vitamin B12 (Cobalamin)

Vitamin B12 is known as cobalamin. It partic-
ipates in the formation of red blood cells, as well as
in the construction of genetic material. Cobalamin
helps in the functioning of the nervous system and
plays an important biochemical role in the synthesis
of fatty acids in the myelin (33).

Numerous studies on the causes of the devel-
opment of cleft lips, palate, alveolar ridge, as well as
defects in the neural tube, are associated with a defi-
ciency or lack of B complex vitamins and more spe-
cifically vit. B12 (41,42).

Sources of vitamin B12 are liver, kidneys, meat,
tish, eggs, milk, and cheese, as it is not contained in
foods of plant origin. Cobalamin is also synthesized
by bacteria in the colon (33). Vitamin B12 is believed
to be stable during heat treatment, yet a loss of 30%
of the vitamin in dairy products is reported during
boiling and 7% during pasteurization (43).

Recommended daily dose:

@ Adolescents (10-12 years): 1.9 pg per day
& Adolescents (13-15 years): 2.3 ug per day
& Adolescents (16-19 years): 2.4 pg per day
& Pregnancy and breastfeeding: 1.5 ug per day

(33)

Hypovitaminosis B12 is associated with the ap-
pearance of Moeller-Hunter glossitis. This is atro-
phic glossitis, which is an early symptom of perni-
cious anemia. Manifestations such as angular chei-
litis, exfoliative cheilitis, gum hemorrhages, and red-
dened areas along the oral mucosa are not excluded.
Pontes et al. have also found manifestations of glossi-

tis, oral candidiasis, angular cheilitis, and diffuse er-
ythematous glossitis in children with cobalamin de-
ficiency (44).

Vitamin B12 deficiency is also associated with
an increase in tooth decay risk and risk of periodon-
tal disease in childhood (45,46).

DISCUSSION

From a medical point of view, the role of vita-
mins is well known, while the scientific evidence re-
garding the perspective on oral health is not fully
specified. There is a relationship between diet, devel-
opment and mineralization of teeth, and the occur-
rence of a carious process. In the literature, informa-
tion on this direct relationship is scarce and subject
to discussion. It is common knowledge that vitamins
have a significant impact on oral and general health,
and their imbalance leads to malnutrition.

Vitamins can be a modifying factor in the pro-
gression and treatment of a number of oral diseases,
as well as part of their primary prevention.

CONCLUSION

Adolescence is a key and critical moment in ad-
olescent development. The need for proper and suf-
ficient consumption of water-soluble and fat-solu-
ble vitamins in a teenager’s diet is of utmost impor-
tance. Vitamins ensure the proper development of all
systems in the human body, especially the immune
system. There is a direct link between a good im-
mune system and the absence of dental and soft tis-
sue problems.
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