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ABSTRACT

Elimination diets are a standard of nutritional treatment in allergies, food intolerances, and congenital meta-
bolic defects. The use of a long-lasting, restrictive elimination diet poses a risk of malnutrition and deficiencies 
of individual nutrients. In recent years, however, there has been an increase in their popularity among healthy 
people, including parents using various eliminations of food in their children. Incorrect nutrition, especially 
in infancy and early childhood, can have serious health consequences in subsequent life stages. A long-term 
elimination diet requires monitoring of its composition and the patient’s nutritional status, as well as assess-
ment of their development and growth. Also, additional supplementation may be necessary.
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INTRODUCTION

According to the definition, an elimination diet 
consists of the temporary or permanent elimination of 
a harmful or poorly tolerated food with simultaneous 
introduction of a substitute with equivalent nutritional 
value [1]. Elimination diets are the standard in nutritional 
treatment in the case of allergies, food intolerance, intol-
erance to food additives, as well as congenital metabolic 
disorders. The objective criteria of the efficacy of these 
diets should be the resolution or alleviation of symptoms, 
and in case of the children also the provision of proper 
physical and psychomotor development. Recently, elim-
ination diets have gained significant popularity among 
healthy individuals.

The present paper attempts to systematise the current 
knowledge concerning this phenomenon on the examples 
of the following diets: low phenylalanine diet, gluten-free 
diet, and vegetarian diet, and to emphasise the difference 
between the necessity for the elimination diet in the ther-
apy and the individual choice of the patient. 

THE NECESSITY

LOW PHENYLALANINE DIET

A low phenylalanine diet is the gold standard in the 
therapy of the classic form of phenylketonuria (PKU), 
a congenital, genetically conditioned metabolic disease 
caused by lack of or significant decrease in the activity of 
phenylalanine hydroxylase (PAH). Due to the enzymatic 
deficiency, patients experience abnormalities in the trans-
formation of phenylalanine amino acid to tyrosine, which 
leads to high phenylalanine levels in blood and conse-
quently to damage of the central nervous system, and to 
developmental disorders [2].

A low phenylalanine diet is based on the reduction of 
the phenylalanine supply from natural protein products, 
with a concomitant increase in the total protein intake, 
mainly by the introduction of special low-phenylalanine 
or phenylalanine-free protein substitutes. These prepara-
tions are mixtures of synthetic amino acids supplemented 
with tyrosine (the amino acid that is deficient in the case 
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of the phenylketonuria), fat, carbohydrates, vitamins, and 
minerals. The phenylalanine supply, which can be sus-
tained with food in the case of an individual with PKU, 
depends on conditions such as: age, body mass, physio-
logical condition, and individual phenylalanine tolerance, 
i.e. such an amount of the amino acid supplied with a diet 
resulting in its safe level in patient’s blood [3]. The recom-
mended phenylalanine supply depending on the patient’s 
age is presented in Table 1. The supply is defined empir-
ically based on the concentration of this amino acid in 
the patient’s blood serum. The reference values are given 
below: 2–6 mg% in children up to age 12 years and 2–10 
mg% in older children and adults. However, the optimum 
values regardless of age are up to 6 mg% [4].

In practice, the patients must eliminate the high-pro-
tein food with high phenylalanine content from the diet, 
i.a. meat, fish, milk and dairy products, eggs, cereals 
products, legumes, seeds, nuts, or gelatine. Food prod-
ucts with low phenylalanine content are allowed in pre-
cisely defined amounts, while phenylalanine-free food 
is not subjected to dietary restriction. Compliance with 
a low phenylalanine diet since the neonatal period, op-
timally throughout the entire life of the patient, is nec-
essary during nutritional treatment. Early diagnosis and 
introduction of the appropriate treatment enable proper 
mental development of a child and prevent adverse neu-
rological effects of the disease.

Phenylketonuria is diagnosed based on obligatory 
neonatal screenings using a colourimetric method or 
tandem mass spectrometry (MS/MS). The screening test 
performed in the third or fourth day of life is based on 
obtaining a blood sample from the child’s heel on special 
tissue paper, and subsequently the phenylalanine con-
centration is determined. The incidence of the phenyl-
ketonuria in Poland, similarly to other Central European 
countries, is 1 : 7000 to 1 : 8000 live births; in the interna-
tional literature it varies from 1 : 2600 to 1 : 120,000 live 
births [5, 6].

GLUTEN-FREE DIET

A gluten-free diet is based on the elimination of cereal 
products containing prolamins (conventionally known as 
gluten), i.e. wheat and triticale gliadins, rye secalin, barley 
hordein, and oat avenin, from the diet. Efforts are focused 
on selecting special food products made of grains that nat-
urally do not contain gluten (e.g. rice, corn, millet, buck-
wheat, sorghum, tapioca, amaranth) and which are not 
contaminated with this protein during the manufacturing 
process, as well as other naturally gluten-free products, and 
gluten-containing cereals with gluten removed in the tech-
nological process. So-called gluten-free foods are products 
with a total gluten content below 20 mg/kg (< 20 ppm).

According to current knowledge, the classification of 
gluten-related diseases includes: coeliac disease, allergy to 
wheat, and non-coeliac gluten sensitivity (NCGS).

Coeliac disease (CD), defined as persistent gluten 
intolerance, is an autoimmune disorder that can occur 
in genetically predisposed people, where the ingestion 
of gluten causes a chronic inflammatory process leading 
to damage in the small intestine and villous atrophy. The 
incidence of coeliac disease in the general population is 
about 1% [7]. The relation of the patients with CD to cur-
rently undiagnosed patients is estimated to be just 1 : 5 
to 1 : 10, and individuals diagnosed with CD are thought 
to be just the “tip of the iceberg” of all actual cases [8]. 
According to ESPGHAN criteria, diagnostic work-up of 
coeliac disease is based on serological tests, genetic tests, 
and small intestine biopsies. Three types of antibodies 
are useful in serological tests: against tissue transglutam-
inase (tTG), against deamidated gliadin peptides (DGP), 
and against the intestinal tract smooth muscles endomy-
sium (EmA) [9]. Blood serum is the material used for 
testing. Genetic tests, which are currently more available 
and widely used, can determine the presence of the HLA 
DQ2 or HLA DQ8 haplotypes. The negative result of the 
test in the case of a person with suspected coeliac disease 
excludes it with a high probability. However, confirmation 
of the presence of these molecules cannot be the basis of 
the disease diagnosis and provides only a genetic predis-
position to CD. Today it is known that DQ2 or DQ8 is 
observed in about 30% of the general population. In the 
same time, only 3–4% of the individuals from this group 
suffer, or will suffer in future, from coeliac disease [10]. 
In most of the cases, the confirmation of CD still requires 
the results of a small intestine biopsy with histopatho-
logical assessment of the samplings according to Marsh 
classification [9].

In case of the patients diagnosed with coeliac dis-
ease, a gluten-free diet is the treatment of choice for their 
whole life. Strict elimination of gluten from the diet in 
most cases leads to the regeneration of the mucous mem-
brane of the small intestine, resolution of the clinical 
symptoms of the disease, and improvement in the labo-
ratory parameters and nutritional status.

The incidence of gluten-dependent allergic diseas-
es is estimated at 1%, in which most of the patients are 
diagnosed with an allergy to wheat proteins that re-
quires a diet eliminating only wheat [11]. The under-

TABLE 1. The recommended intake of phenylalanine depending  
on the age of the patient [4]

Group of patients Intake of phenylalanine with 
diet (mg/kg/day)

Newborns and infants 30–80

Toddlers and pre-school 
children

20–40

School-age children 10–20

Adults 10
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lying of allergy to wheat may have both IgE-mediated 
and non-IgE-mediated mechanisms. The clinical picture 
depends on age: gastroenterological symptoms prevail 
in infants and young children, while older children suf-
fer mostly from dermatitis, respiratory disorders, and, 
in severe cases, anaphylaxis [11]. Diagnostics are based 
mainly on the medical history, determination of specif-
ic IgE antibody concentrations in serum, and skin prick 
tests (SPT), but a double-blind, placebo-controlled food 
challenge (DBPCFC) with wheat remains the basis for the 
diagnosis [11, 12]. In IgE-mediated wheat allergy, in half 
of the patients, tolerance develops up to the age of 8 years 
and in 2/3 of the patients up to 12 years [13].

Non-coeliac gluten sensitivity (NCGS) is a new dis-
ease characterised by the presence of gastrointestinal 
symptoms (abdominal pain, diarrhoea, constipation) as 
well as symptoms outside the gastrointestinal tract (tired-
ness, headache, muscle pain, arthralgia). It occurs after 
ingestion of gluten in people who do not meet the criteria 
for a diagnosis of coeliac disease or allergy to wheat.

The literature shows that patients with NCGS can 
represent the most prominent group requiring the elimi-
nation of gluten from the diet. In estimations, this group 
can include 6% of the population [14]. However, it should 
be noted that it is a relatively new disease entity, diag-
nosed for a short time, and currently there is a lack of 
reliable epidemiological data from most countries. The 
cause and effect relationship between gluten intake and 
the occurrence of clinical symptoms in NCGS should be 
confirmed by a double-blind, placebo-controlled food 
challenge [15, 16]. According to Biesiekierski et al. [17], 
only every fourth person who declares self-diagnosis with 
non-coeliac gluten sensitivity meets the real diagnostic 
criteria for this illness.

In patients with confirmed NCGS, a gluten-free diet 
is used in treatment, but it is not known whether it is 
safe to eat small amounts of gluten or it is necessary to 
follow a strict gluten-free diet, as in patients with coeliac 
disease. According to the current state of knowledge, the 
required precise duration of a gluten-free diet in the case 
of non-coeliac gluten sensitivity is also unknown.

AN INDIVIDUAL CHOICE – THE TREND

GLUTEN-FREE DIET

The application spectrum of the wheat grain, the most 
popular gluten-containing cereal in human nutrition, is 
highly extensive. Wheat crops are widespread in all con-
tinents; however, the highest consumption is reported in 
Europe and North America. Even though the position of 
wheat and rye as primary bread cereals seems to be stable, 
in recent years the gluten-free diet has started to become 
more and more popular among healthy individuals. It 
used to be an unpleasant necessity and the only treatment 
for coeliac disease patients, but today it has become pop-

ular and is often favoured with no medical justification. 
The scale of the phenomenon is increasing, and currently 
in Australia estimates show that for one person diagnosed 
with coeliac disease there are 20 people without CD who 
consume specialist gluten-free products. In the USA al-
most every fifth person uses this type of food [18].

The results of a survey conducted with 1500 American 
adults on a gluten-free diet show that 35% of them did 
not give any specific reason for this choice, and 26% of 
the respondents considered the gluten-free diet simply as 
healthier in comparison with the traditional one. Only 8% 
of the respondents indicated that gluten intolerance is the 
reason for such a dietary intervention, and it was the least 
popular answer in the survey [19].

Despite the prevailing conviction that the elimina-
tion of gluten from the diet leads to many health bene-
fits, present studies show that this type of diet can lead 
to an increase in caloric content – fat and monosaccha-
ride content – and low dietary fibre intake, mainly due 
to selection of highly processed gluten-free products [20, 
21]. Furthermore, the authors of the prospective cohort 
study from 2017 conducted on 100 thousand individuals 
over 26 years old did not show a relationship between 
long-term consumption of food containing gluten and in-
creased risk of ischaemic heart disease [22]. Taking into 
account the studies mentioned above, the demonising of 
gluten seems to be not entirely justified, and there is no 
basis to suggest that a gluten-free diet for healthy individ-
uals will reduce the risk associated with the occurrence of 
the cardiovascular diseases.

Some recent studies suggest a relationship between 
implementation of gluten-free and milk-free (casein-free) 
diet (GFCF) and the improvement concerning behaviour 
in some children with autism spectrum disorders [23, 24]. 
So-called opioid theory is used to explain this relation-
ship, which suggests that the original reason for the au-
tism disorders is the increased gastrointestinal permeabil-
ity (leaky gut). According to this assumption, the patients 
experience free infiltration of incompletely digested pep-
tides ‒ gliadomorphine derived from gluten and casomor-
phin from cow’s milk casein ‒ through the intestine and 
subsequently through the blood-brain barrier. It is con-
sidered that due to the similar chemical structure these 
molecules can be similar in properties to the opiates and 
can act directly on the central nervous system leading to, 
among others, emotion perception abnormalities, loss of 
language skills, social withdrawal, perception disorders, 
and pain insensitivity.

Further, well-planned studies are required because 
the role of the elimination of the individual nutritions in 
autism spectrum disorders is still controversial. Accord-
ing to the current literature, the evidence of the benefits 
of a GFCF diet in patients with autism are insufficient 
[25–28]. The exceptions to this are patients diagnosed 
with an allergy or food intolerance. Rubenstein et al. 
[29] observed that every fifth studied child with autism 
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in pre-school age was, at least temporarily, subjected to 
a gluten-free diet, and half of these interventions were 
the decision of parents without any consultation with 
a specialist.

There is no doubt that the rise in popularity of the 
gluten-free diet, also in Poland, has contributed to in-
creased access to the various, specialist gluten-free foods 
for sick individuals; on the other hand, it has also caused 
the emergence of products with reduced gluten con-
tent, which are considered to be “healthier” – so-called 
low-gluten content products. In the consciousness of so-
ciety, these products are often confused with gluten-free 
food. However, due to much higher gluten content (up 
to 100 mg/kg), these products are not equivalent to glu-
ten-free products and cannot be consumed by individuals 
suffering from gluten-dependent conditions.

According to the current state of knowledge, a proper-
ly balanced gluten-free diet is not perceived as unhealthy. 
However, the benefits of using a gluten-free diet, com-
pared to a gluten-containing diet, are not clear in healthy 
individuals [30].

VEGETARIAN DIET 

In recent years the popularity of vegetarianism ‒ both 
as a diet as well as an element of life philosophy ‒ seems 
to be increasing constantly. Estimates show that the veg-
etarian diet is already used by 1 million Poles [31]. In the 
USA almost 3.3% of adults are vegetarian, and almost half 
of these are vegan [32].

Vegetarianism has many variants, which differ signifi-
cantly from each other concerning dietary restrictions. 
Vegetarian cuisine is based on products and meals that 
do not contain meat, including poultry, as well as fish 
and seafood. Lacto-vegetarians, besides vegetable prod-
ucts, also consume milk and dairy products, and lac-
to-ovo-vegetarians additionally consume eggs. A strict 
vegetarian diet, i.e. a vegan diet, allows consumption of 

plant products only. Macrobiotics are more radical, and 
their diet is based mainly on cereals, legumes, and vege-
tables, with fruits, nuts, and seeds used to a lesser extent. 
The most popular types of vegetarianism are presented 
in Table 2.

The reasons for the selection of the diet in case of veg-
etarians are, most commonly, health reasons, care for the 
environment, and health protection, as well as ethical and 
religious beliefs [33]. 

The American Dietetic Association published a state-
ment in 2009 accepting a properly planned vegetarian 
diet, including a vegan diet, as safe for people in all stages 
of life, also during childhood. According to the authors, 
it can also be used as a prevention tool for the occurrence 
of civilisation diseases, such as arterial hypertension, obe-
sity, type 2 diabetes, ischaemic heart disease, and some 
types of neoplasms. The vegetarian diets include less satu-
rated fatty acids, cholesterol, and more dietary fibre, vita-
min C and E, carotenoids, folates, as wells as magnesium, 
potassium, and flavonoids, compared with a standard 
diet [33]. It is accepted that extremely radical forms of 
vegetarianism ‒ fruitarianism, veganism, and macrobiotic 
diets ‒ cause significant dietary deficiencies and growth 
inhibition in children, and thus are not recommended for 
nutritional purposes [33]. The same statement was pub-
lished in 2016 after the change of the society name to the 
Academy of Nutrition and Dietetics [34].

However, the specialists have various opinions con-
cerning this subject. As long as reasonable elimination 
of a food of animal origin in the diet of adult individuals 
does not cause any greater concern, the introduction of 
strictly plant diet in the paediatric population is still high-
ly controversial. According to the National Consultant in 
Paediatrics in Poland, vegan and macrobiotic diets are 
not recommended during developmental age, and only 
a properly balanced lacto-ovo-vegetarian diet, thus con-
taining milk, dairy products, and eggs, can be regarded 
as safe [35]. The Institute of Food and Nutrition stated in 

TABLE 2. Types of vegetarianism

Types of vegetarianism Food allowed Food not allowed

Semi-vegetarianism meat, poultry and fish – in smaller quantities, eggs, milk 
and dairy products, vegetables, fruits, cereals, seeds, nuts

Lacto-ovo-
vegetarianism

eggs, milk and dairy products, vegetables, fruits, 
cereals, seeds, nuts

meat, poultry, fish

Lacto-vegetarianism milk and dairy products, vegetables, fruits, cereals, 
seeds, nuts

meat, poultry, fish, eggs

Ovo-vegetarianism eggs, vegetables, fruits, cereals, seeds, nuts meat, poultry, fish, milk and dairy products

Veganism vegetables, fruits, cereals, seeds, nuts meat, poultry, fish, milk and dairy products, eggs

Fruitarianism fruits meat, poultry, fish, eggs, milk and dairy pro-
ducts, vegetables, cereals, seeds, nuts

Raw food veganism vegetables, fruits, cereals, seeds, nuts – 
in an unprocessed form

meat, poultry, fish, milk and dairy products, eggs
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2012 that, besides the lacto-ovo-vegetarian diet, also the 
lacto-vegetarian diet is regarded as safe, provided that all 
nutrients required for a given age group are included [36]. 
The literature shows that the development of children and 
adolescents on lacto-ovo-vegetarian diet is similar to the 
development observed in case of the non-vegetarian peers 
[37, 38]. It also seems that these individuals have better 
nutrition habits and eat more vegetables and fruits, and 
fewer sweets, salty snacks, and fast-foods in comparison 
with children on a standard diet [39, 40].

It should be noted that a vegetarian diet can be ben-
eficial to health, but not in all cases. In the case of highly 
processed food, low variety of diet, and inappropriate se-
lection of fat sources, the preparation of balanced meals 
is not possible. Appropriate balancing of the vegetarian 
diet is often difficult for parents, especially if a child is 
not under a dietician’s care. The biological availability of 
plant origin proteins is 10–20% lower than in the case 
of animal proteins; thus, one should remember that the 
consumption of proteins in individuals on a vegetarian 
diet, and especially a vegan diet, should be correspond-
ingly higher [41, 42]. Vegetarians are especially suscepti-
ble to deficiencies in vitamin B12 (which is not present in 
plants), vitamin D3, and in the minerals: iron, zinc, calci-
um, and iodine, and omega-3 fats [33, 34]. On the other 
hand, due to the lower bioavailability of iron in vegetar-
ian diets (non-heme iron), the recommended consump-
tion of these macronutrients in the case of vegetarians is 
1.8-times higher than in the case of individuals on a stan-
dard diet [33, 43]. The deficiencies presented above can 
be prevented by the selection of appropriate food prod-
ucts and application of the rules of healthy nutrition. The 
exception is vitamin B12, which must be supplemented 
in the form of pharmaceutical preparations or fortified 
food. The diversity of the nutritional habits of vegetarians 
indicates a need to perform dietary assessment for each 
patient individually [33]. 

RISKS ASSOCIATED WITH ELIMINATION DIETS

The essence of the elimination diet is to replace the 
eliminated ingredient with a food of similar quality and 
quantity to protect the patients from the occurrence of 
nutritional deficiencies. It should be emphasised that 
a properly balanced elimination diet should offer the 
appropriate supply of energy and all nutrients. Dietary 
mistakes and long-term restriction diets can potentially 
be the cause of malnutrition and deficiency of individual 
nutrients, including proteins, vitamins, and minerals.

Low phenylalanine diet in patients with phenylketon-
uria, and thus permanent elimination of foods with high 
nutritional value, especially being an abundant source of 
proteins, vitamins, and minerals, can cause a risk of nutri-
tional deficiencies. The literature shows that this group of 
patients is most commonly deficient in micro- and mac-

ronutrients, including selenium, iron, zinc, and vitamins, 
especially B12 [44–49].

Despite the fact that a qualitatively and quantitatively 
balanced gluten-free diet does not promote the occur-
rence of nutritional deficiencies, observations show that 
in the case of coeliac patients this diet is characterised 
by high fat content and higher energy density in com-
parison with a standard diet [20]. The literature also de-
scribes the relationship between a gluten-free diet and 
the development of overweight and obesity in coeliac 
patients [21, 50].

According to Valletta et al. [21], a significant influence 
on weight gain in this group of patients is caused by the 
change in lifestyle and nutritional choices after the intro-
duction of a gluten-free diet, i.e. excessive consumption of 
the high-protein and high-fat, highly processed non-glu-
ten food with a concomitant low supply of dietary fibre.

As stated above, vegetarians are especially susceptible 
to the deficiencies in vitamins B12 and D3, iron, zinc, cal-
cium, iodine, and unsaturated fatty acids of the omega-3 
family [33, 34]. However, special attention should be paid 
to the statement of the Institute of Food and Nutrition 
[36], which shows that both standard and vegetarian di-
ets, while unbalanced, can pose the risk of deficiencies in 
some nutrients, and consequently abnormal functioning 
of the organisms. 

CONCLUSIONS

The diseases that require the introduction of elimi-
nation diets for medical purposes, such as allergies and 
food intolerances or metabolic defects, are today a signif-
icant medical and social problem. In view of the studies 
mentioned above, it seems to be necessary to emphasise 
that without a medical diagnosis, recommendations, and 
instructions given by an experienced dietician one should 
not make decisions concerning the introduction of rad-
ical elimination diets, especially in case of paediatric pa-
tients. Inappropriate diet, especially during infancy and 
early childhood, can lead to serious health consequences 
in subsequent stages of life.

A patient who excludes products from their diet 
should stay under constant medical and dietary care for 
the prevention of nutrition deficiencies. Implementation 
of unjustified and overly restrictive elimination diets 
should be avoided. Without doubt, long-term elimina-
tion diets require monitoring of their composition and 
the patients’ nutrition status, assessment of development 
and growth, and often the introduction of additional sup-
plementation.
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