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Abstract
Introduction. Vitamin A is an essential substance for human well-being and survival. It plays a crucial role in many 
physiological processes, including growth and differentiation of target tissues, reproduction, proper functioning of the 
retina and modulation of the immune system. Vitamin A deficiency leads to increased risk of severe infections, numerous 
diseases and pathological conditions, including disorders of vision, bones, epithelial tissue and immunity. It remains one 
of the main causes of preventable blindness in children. Nonetheless, excessive intake of vitamin A can also cause serious 
health problems.   
Objective. The aim of this study is to describe and summarize current knowledge about the role of vitamin A in the human 
organism, as well as to provide general information on its supplementation.   
State of Knowledge. Vitamin A is a group of similar organic compounds that cannot be synthesized in the human body, 
and therefore has to be included in the diet. Vitamin A influences the human body since foetal life. Both deficiency and 
an excess of vitamin A may cause serious complications. The main sources of the vitamin are meat, fish, poultry and dairy 
products. Its precursors, such as carotenoids, are present in fruit and vegetables. It is stored mainly in the liver and adipose 
tissue. Vitamin A has antioxidative attributes.  
Conclusion. An adequate intake of vitamin A is crucial for maintaining health and well-being, and deficiency as well as 
overdose of this vitamin may cause serious complications and diseases.
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INTRODUCTION

Vitamin A is a name of the group of chemical substances 
– retinoids (i.e., retinol, retinal, retinoic acid), fat-soluble 
compounds that are essential for human body. They cannot 
be produced and have to be provided as a part of the diet. 
In the animal origin food, vitamin A is present in ester 
form – mostly as retinyl palmitate, which is converted in 
the human body to alcohol – retinol. In plant-based diet, it 
is present in form of β-carotene, β-cryptoxanthin and other 
pro-vitamin A carotenoids [1]. These substances are less 
efficient in vitamin A generation process. It is accepted that 
6 mg of β-carotene is required to produce 1 mg of retinal 
during enzymatic cleavage. However several years ago it has 
been stated that this conversion is even less efficient and it 
requires not 6 but, 12 molecules of β-carotene to produce 1 
molecule of vitamin A [2]. Then again this process may be 
either more or less productive for different sources and types 
of pro-vitamin A carotenoids [3–5]. Serum concentrations 
of vitamin A have to stay in equilibrium, for it takes part 
the cellular differentiation and growth, and at high serum 
level it exert its toxic effects. Moreover, vitamin A plays a 
crucial role in vision, immune system function, maintenance 
of epithelial tissues and reproduction. Nevertheless, lack 
of vitamin A persists to be one of the most prevalent 
micronutrient deficiencies and a significant contributor to 
the global burden of disease, especially in the resource-
constrained countries [6].

Absorption, transport and storage. Efficiency of absorption, 
processing and storage of preformed vitamin A varies from 
70% – 90%. For carotenoids, the bioavailability range is wider 
and oscillates between 35% – 88% [7, 8]. Crucial for improving 
the absorption of vitamin A in vulnerable populations is 
the knowledge that the presence of dietary fat enhances 
absorption of both pro-vitamin A carotenoids and preformed 
vitamin A [9–11].

Up to 80% of vitamin A in the body is stored in the liver, 
mainly in the stellate cells, and mostly as retinyl esters [12]. 
A part of retinol esters from chylomicra is uptaken by spleen, 
lung and adrenal gland to maintain concentration [13]. Lesser 
amounts of retinyl esters can be found in kidney and intestine 
[13, 14]. An undervalued role in retinol storing is played by 
adipose tissue, which can also gather β-carotenoids [15, 16]. 
Vitamin A occurs in cis- and trans- geometric isomeric forms 
[17], and interconversion between them readily takes place 
in the body. All-trans retinoic acid is the ligand of nuclear 
receptors, such as retinoic acid receptors (RARs), and 11-cis-
retinal is required in the visual cycle [18].

Retinol is transported from the liver to the tissues 
as a complex with retinol-binding protein (RBP), which 
is synthesized primarily in hepatocytes. This stability of 
complex retinol:RBP in plasma is enhanced by its binding 
to transthyretin [19]. RBP is a negative acute-phase reactant; 
therefore, serum retinol concentrations are decreased during 
inflammation and infection.

The functions of vitamin A are mediated mainly by its 
acid derivatives (excluding visual processes), even though 
the concentration of acid is much smaller than the retinol. 
Both the cellular and organismal effects of vitamin A are 
mediated by RARs and retinoid X receptors (RXRs) via 
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interactions between receptor-receptor, receptor-DNA 
and receptor-regulatory proteins [20]. Lecithin retinol 
acyltransferase (LRAT) is a quantitatively predominant 
enzyme for catalyzing retinyl ester formation in most tissues 
[21]. It enables different tissues in which it is present, mainly 
liver and eye, to uptake and store retinoids. The exception 
is the adipose tissue where retinyl ester formation occurs 
despite lack of this enzyme [22]. CRBPs (cellular retinoid 
binding proteins) cooperate with LRAT in regulating uptake 
and the metabolism of retinoids. They may be responsible for 
retinoids toxicity, but they also may serve as targets for novel 
drugs that would allow for better control of active retinoids 
levels in specific tissues [22–24]. Furthermore, CRBP-1 (the 
most diffuse isoform) is involved in wound healing and 
the remodeling processes of arteries. A common event in 
cancer pathogenesis is the loss of CRBP-1 expression, which 
increases malignancy of various cancers [25]. Carotenoids 
have no specific carrier protein.

In animal products, the major form of vitamin A is an 
ester, which is converted to retinol. Sources rich in performed 
vitamin A are: liver, fish liver oils, dairy products, including: 
butter, cheese, fat milk, egg yolk and others. Sources rich 
in pro-vitamin A carotenoids are mostly deep orange and 
yellow coloured or deep-green leafy plants, i.e.: carrots, sweet 
potatoes, spinach and mango (Tab. 1).

Table 1. Selected sources of vitamin A [26]

Food IU

Sweet potatoes 28,058

Beef liver 22,175

Spinach 11,458

Carrots 9,189

Mangos 2,240

Apricots 1,261

Broccoli 1,208

Ice cream 1,014

Ricotta cheese 945

Tomato juice 821

Cereal fortified with vitamin A 500

Milk with added vitamin A 500

Eggs 260

Fortifying food with vitamin A is socially acceptable 
and does not require big changes in food habits. The most 
common and approved types of food for fortification are 
margarines and oils. They have two big advantages, namely 
they prevent vitamin A from oxidation during storage and 
are at low price. Nevertheless, there are many different types 
of fortified food [3].

Cooking improves the bioavailability of carotenoids. The 
situation is different for fortified food where processing, 
storage and preparation may cause big losses of vitamin A. 
Preformed retinol tends to be a major source of vitamin A 
in developed countries, while in developing countries most 
demand is covered by pro-vitamin A carotenoids.

Functions. Nowadays, knowledge about vitamin A properties, 
metabolism, functions, roles and epigenetic gene regulation is 
still evolving. The main function of vitamin A is its role in the 

vision cycle: 11-cis retinal binds to opsin and forms rhodopsin, 
which is able to absorb light within the visible spectrum. When 
11-cis retinal is hit by a photon, it isomerizes via intermediate 
species to all-trans retinal, and rapidly releases opsin. This is 
the initial step of vision. Light-induced hyperpolarization of 
the rod membrane is amplified by the excited intermediate 
form of rhodopsin, resulting in the generation of impulses in 
optic nerves [18]. Retinoic acid is proven to be promoting the 
proliferation and regulation of the apoptosis of thymocytes. It 
also takes part in development, proliferation and differentiation 
of thymic epithelium. Retinoic acid may play a role in negative 
selection for T cells [27–29].

Vitamin A has regulatory and promoting effects in the 
immune system. It is valuable enhancer of immunity against 
numerous infectious diseases and pathologies [30]. Both T 
cell-mediated and antibody-dependent immune responses 
are affected by this vitamin [31], which is relevant in the 
process of synthesis of immunoglobulins, mostly IgA class 
[32, 33]. Retinoids also have repressive activity on IgE; 
therefore, they may ameliorate allergic diseases mediated 
by IgE [34, 35].

Another mechanism of action of vitamin A on immune 
system regulation is the induction of differentiation of naive 
T cells into T-reg cells through enhancement of Foxp3 gene 
expression and inhibition of IL-17 expression [29, 36, 37]. 
A similar, yet more complex phenomenon is observed among 
naive B cells, which are induced indirectly by vitamin A 
towards differentiation into B-regs. Moreover, it stimulates 
secretion of IL-10 [38, 39]. Following all-trans- retinoic acid 
is a factor that helps to provide both the stability and proper 
immunoregulatory function of T-regs and B-regs [40]. Via 
complex mechanisms, vitamin A may serve as a treatment 
option for chronic inflammatory diseases [41–43].

Vitamin A plays an important role in controlling the 
population of myeloid cells, providing homeostasis in bone 
marrow, spleen and peripheral blood [44]. Moreover, in some 
types of leukemia, all-trans retinoic acid might find its place 
as part of chemotherapeutic treatment [45].

Vitamin A has a protective effect against tuberculosis. Its 
deficiency is correlated with the occurrence of tuberculosis 
in a dose-dependent manner [46]. In bioactive form, all-
trans retinoic acid induces antimicrobial responses in M. 
tuberculosis-infected via dendritic cells [47]. Retinoic acid in 
in vitro conditions inhibits the growth of M. tuberculosis. It 
also reduces its survival rate, making them easier to be lysed 
when engulfed by macrophages [48].

In post-operative patients with sufficient zinc 
concentrations, vitamin A contributes to the reduction of 
oxidative stress [49]. Moreover, zinc increases the absorption 
of vitamin A, it is also needed for the use of stored vitamin A 
and works in synergy with it in many functions [8]. Selenium 
supports beta-carotene-mediated effects. Vitamin A is proven 
to have, to a certain degree, a therapeutic effect in diseases 
transmitted through the respiratory system, e.g. measles, 
infantile diarrhea or pneumonia in children [50, 51].

As mentioned above, retinoic acid via nuclear receptors 
regulates DNA expression. It is involved in differentiation 
of stem cells, spermatocytes, fibroblasts, osteoblasts and 
keratinocytes. It is also crucial for the proper differentiation of 
epithelial tissue. Deficiency of vitamin A leads to generalized 
metaplasia of epithelial tissues throughout the body, mostly 
columnar epithelium into keratinized stratified squamous 
epithelium. It plays a role in xerophthalmia, follicular 
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hyperkeratosis, loss of mucous-secreting goblet cells in the 
trachea and respiratory tract, and carcinogenesis. Vitamin A 
takes part in controlling enzymes involved in the synthesis 
of glycosaminoglycans and glycoproteins. Moreover, it takes 
part in collagen type IV formation. It enhances the response 
of the organism to micronutrient supplementation. The iron 
deficiency type of anaemia requires the addition of vitamin 
A for a full haematologic response. Administering vitamin 
A improves haemoglobin concentration in response to the 
supplementation of iron [52–54].

Carotenoids have antioxidant functions. It has been 
suggested that β-carotene supplementation in high doses 
among smokers and workers exposed to asbestos could 
increase the risk of lung cancer [55, 56]. Despite unclear 
data whether or not high levels of β-carotenids contribute 
to the development of lung cancer, it is now suggested that 
a higher intake of dietary β-carotene rather reduces lung 
cancer risk [57]. This indicates that β-carotene from natural 
sources and synthesized, has a different effect on that risk. 
Recent meta-analysis confirmed that antioxidant activity 
of β-carotene and vitamin A delivered from diet may have 
a protective effect for risk of lung cancer. This is consistent 
with previous findings on vitamins C and E [58]. It can be 
assumed that a similar protective effect may be present in 
the case of many other cancers.

Vitamin A deficiency. Vitamin A deficiency still remains 
a public health problem, mainly in low- and middle 
income countries. It is one of the most important causes 
of preventable blindness in children. It persists in being a 
significant contributor to morbidity and mortality caused 
by infections, mainly in children and pregnant women 
[6]. The main problem in the quantitation of vitamin A 
deficiency is that the majority of countries have outdated 
data. Most of the explored nations either have no data on 
vitamin A deficiency or data that is more than 10 years old 
[59]. There are still over 80 low- or middle-income countries 
worldwide that are implementing vitamin A supplementation 
programmes for children aged from 6 months to 5 year of 
age. Introducing individual supplementation programmes 
in each country based on evidence-based decisions seems 
to be crucial [60]. The main cause of vitamin A deficiency 
worldwide is an insufficient amount in food. Another vital 
reason is malabsorption caused by cystic fibrosis, celiac 
disease, pancreas, liver or bile ducts diseases.

The human body can only store vitamin A in an amount 
sufficient for one year. The first and main symptom of 
vitamin A deficiency is night blindness (nyctalopia). Chronic 
deficiency may cause degenerative changes in the retina, 
and xerophthalmia which leads to cornea injuries and 
blindness. Aside from the ocular signs, other symptoms 
of vitamin A deficiency seem to be quite non-specific. The 
skin is also affected by lack of vitamin A. It becomes dry, 
rough and peeling. Some changes in epithelial tissue are 
observed, mostly atrophic, that cause increased vulnerability 
to damages and infections, diarrheas and impaired taste. 
Moreover, it is a factor leading to bone growth impairment, 
changes in bone structure and shape, fractures, caries and 
atrophy of dentine. Psoriasis, acne vulgaris and alopecia 
areata may also appear. Furthermore, anaemia, thyroid 
dysfunction and impairment of fertility may occur.

Vitamin A deficiency leads to impaired function of 
tissues, especially in the foetus and newborns. Infants 

with low vitamin A levels appear to have increased risk 
of development of bronchopulmonary dysplasia. Changes 
involve keratinizing metaplasia, necrosis of mucosa, and focal 
loss of ciliated cells. A new-born has impaired lung function, 
decreased number of alveoli, defective protection against 
infections, and are at higher risk for the development of acute 
diseases in childhood and chronic diseases in adulthood, 
including lung cancer [61, 62].

Endemic vitamin A deficiency is related to keratinization 
of the bronchi and tracheae, observed to occur even before 
alterations in the eye. Another effect of vitamin A deficiency 
is low FVC (forced vital capacity), a marker of airway 
obstruction and other extracellular matrix alterations, mostly 
in kidney, lung and liver [61, 63].

Women at reproductive age, especially pregnant women, 
and young children after weaning are most susceptible to the 
acquisition of vitamin A deficiency. 190 million preschool 
children and 19 million pregnant women are affected 
globally. This equals about 33% of preschool children and 
15% of pregnant women in populations at risk of vitamin A 
deficiency. The most affected regions are Africa and Southeast 
Asia [6]. In 1991, it was estimated that 39% of children aged 
6–59 months in undeveloped countries had vitamin A 
deficiency. In 2013, that number dropped to 29%. About 
95,000 deaths were caused by measles and about 11,000 by 
diarrhea attributable to the deficiency of vitamin A [64].

In low income Asian countries, children between 6 
months and 5-years-old should be given a supplementation 
of vitamin A to reduce morbidity and mortality of vitamin A 
deficiency-related diseases, e.g. measles, or severe diarrhea in 
children. Nevertheless, further studies that compare different 
delivery mechanisms and doses are needed [65–67]. In 
contrast, some findings from African countries indicate that 
supplementation of vitamin A may cause death. Therefore, it 
should not be recommended in these regions [68, 69].

In data from 1998, the WHO noted that vitamin A should 
not be given in high doses (>10,000 IU/d) to women who 
may be pregnant, due to the risk of teratogenic effects in the 
foetus. Supplementation of 4,000 IU daily as prophylaxis 
and up to 8,000 IU/day as treatment in the case of deficiency, 
is considered safe [70]. In guidelines from 2011, the WHO 
indicates that vitamin A supplementation is recommended 
only for the prevention of night blindness in areas where 
severe vitamin A deficiency occurs, only in pregnant women, 
excluding postpartum women. Single doses of vitamin A 
>25,000 IU are not recommended between days 15 – 60 post-
conception [71]. In women taking > 10,000 IU/d of preformed 
vitamin A from supplements, it has been calculated that 1 
out of 57 babies will be born with a secondary congenital 
disability. The form of vitamin A identified as the cause of 
birth defects is the retinol form, not carotenoid. Therefore, 
precursors intake is not linked to teratogenicity [70]. During 
pregnancy, there is no established safe minimal dose of oral 
retinoids.

Vitamin A deficiency can increase the number of bone 
marrow cells by inhibiting the normal apoptosis process. 
This disturbance in the signaling pathway may contribute 
to the development of myeloproliferative disorders [44]. In 
males, lack of vitamin A causes morphologic changes in all 
3 main types of testicular cells: Leydig, Sertoli and germinal 
cells. This leads to reduced testosterone production and loss 
of fertility [72]. Vitamin A deficiency is the cause of defects 
in both cellular and humoral immunity [31].
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Requirements. It is hard to determine a necessary dose of 
vitamin A for human body. Due to lack of adequate data, 
a recommended intake cannot be calculated. The dose of 
vitamin A is described as μg of retinol activity equivalents 
(RAE) to account for the different bioactivities of retinol and 
provitamin A carotenoids. It is widely accepted that 1 μg 
RAE = 1 μg retinol, 2 μg beta-carotene from supplements, 
12 μg beta-carotene from foods, 24 μg alpha-carotene or 24 μg 
beta-cryptoxanthin. In other words, 1 IU of retinol = 0.3 μg 
of RAE; 1 IU of beta-carotene from dietary supplements 
= 0.15 μg RAE; 1 IU of beta-carotene from food = 0.05 μg RAE 
and 1 IU alpha-carotene or beta-cryptoxanthin = 0.025 μg 
RAE [26].

Currently, the reported recommended daily allowance 
is 700–900  µg/day (2,300–4,300 IU) for adults and 300–
700 µg/day (1,000–2,000 IU) for children [73]. Women at 
reproductive age (13–49 years of age) should receive a dose of 
200,000 IU in the case of active corneal lesions on days 1, 2 and 
14; cases of night blindness or Bitot’s spot should be treated 
with 10,000 IU/day or 25,000 IU/week for over 3 months [74]. 
In the case of measles, age-dependent doses (50,000–200,000 
IU) should be given on days 1 and 2; in xerophthalmia cases 
on days 1, 2, and 14; and severe malnutrition on day 1. The 
mentioned doses seem to be safe; however, in some cases 
(3–7%) symptoms of acute hipervitaminosis may appear, 
like nausea, vomiting, headache and diarrhea [74]. Vitamin 
A supplements should be taken during a meal of after it, as 
this facilitates absorption. Women taking contraceptives 
need less vitamin A [75].

Toxicity. There are 2 main groups that are at particularly 
risk of vitamin A excess: people who permanently use 
supplements of vitamin A, and people who consume too big 
amounts of fortified food or liver. As mentioned above, liver 
works as a storage of vitamin A, in which it plays a buffering 
role and esterifies the excess of taken retinoids; therefore, it 
alleviates the development of intoxication. Two main forms 
of vitamin A can be distinguished: topical and oral. Each 
has its own set of adverse effects.

Vitamin A toxic effects occur when it is not bound by 
transporting proteins like RBP and is present in a free 
form. Only in this form it can influence body cells. Adverse 
effects are not likely to occur when natural food serves as the 
source of vitamin A. There is no risk of overdosing if one eats 
numerous plants with high concentrations of carotenoids, 
but they may gather in fat tissue and change it to a yellowish 
colour [76]. Adverse effects of high vitamin A levels mostly 
occur when supplements are used and may appear when the 
daily dose exceeds 40 mg. The most common symptoms are 
headaches, nausea and ataxia. Raised cerebrospinal fluid 
pressure may also occur. Other conditions are stomach aches, 
diarrhea, weight loss, hyperlipidaemia, pachyostosis and 
bone aches, dry and sensitive skin, hair loss, hypercalcaemia 
with soft tissues calcification, spleen and liver enlargement.

The most common adverse effect of topical retinoids is 
epidermal irritation in the form of erythema and peeling. 
Peeling is the effect of hyperproliferation of the epidermis due 
to stimulation of retinoic acid receptors [76]. Other side-effects 
include transient hyperpigmentation and hypopigmentation, 
allergic contact dermatitis, Koebnerization of psoriasis and 
ectropion [23]. The majority of these adverse effects will 
resolve once the doses of vitamin A are reduced or excessive 
treatment is discontinued.

The adverse effects of oral retinoids can be divided into 
acute and chronic. Nevertheless, the most severe side-
effect is teratogenicity on neural crest cells and include 
following abnormalities: craniofacial (cleft lip or palate, 
microtia or anotia, micrognathia), cardiac (transposition 
of the great vessels), central nervous system (microcephaly, 
hydrocephalus) and thymus [77]. Usage of isotretinoin is 
supposed to raise 25-times the risk of these malformations.

Acute retinoid toxicity mostly appears as mucocutaneous 
abnormalities; the most common are dry lips, cheilitis, and 
dryness of mucosa. The possible underlying mechanism 
is reduction of sebum production, decreased thickness of 
epidermis, and defective barrier function. Additionally, 
peeling of the soles and palms or xerosis of the whole skin 
and mucosa may occur [23].

Chronic toxic effects are present in multiple organs. Effects 
in central nervous system include headaches, nausea and 
vomiting. In liver fibrosis and hepatic stellate, cell activatios 
been observed in patients with hypervitaminosis A [78]. 
Changes in bones are described as calcinosis, spurs and 
resorption followed by hypercalcemia [79]. If the condition 
persist, then besides resorption, it contributes to impaired 
bone formation, osteoporosis and hip fractures [80]. Muscle 
weakness and blurred vision may also occur. Common 
abnormality in laboratory tests is elevation of the triglyceride 
and cholesterol levels, sometimes together with rise of LDL, 
and transaminases levels. Elevation of liver enzymes is 
usually mild and reversible. The treatment may be continued 
until elevation of cholesterol, liver enzymes or triglycerides 
persists or worsens.

Before initiation of isotretinoin, the patient should have 2 
negative urine or serum β-HCG pregnancy tests performed 
30 days apart, then one once a month and 30 days after the 
cessation of treatment. When on therapy, assessment of 
blood triglyceride and cholesterol levels should be performed 
periodically [81].

CONCLUSIONS

An adequate intake of vitamin A is crucial for maintaining 
health and well-being. Deficiency and overdose of the vitamin 
can cause serious complications and illnesses. Nevertheless, 
many uncertainties remain concerning the functioning of 
vitamin A, and further research is required.
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