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Abstract

Streszczenie

Aim: To analyse the somatic development and nutritional status of children with cow’s milk protein allergy on a milk elimination
diet. Material and methods: The study enrolled 46 children aged 13-36 months with cow’s milk protein allergy diagnosis,
following a milk elimination diet for 6 to 30 months. Exclusion criteria were chronic diseases. The control group included
30 healthy children of the same age. Somatic development was evaluated on the basis of anthropometric parameters, while
nutritional status was based on Cole’s index. Nutrition was analysed on the basis of a 3-day food record using the Dieta 5
programme. Results: 10.87% of children with cow’s milk protein allergy and 16.67% of children in the control group were found
to be underweight; 8.7% of children with cow’s milk protein allergy and 10% of children in the control group were identified as
overweight, and 6.52% of children with cow’s milk protein allergy as obese. The evaluation of the examined children’s nutritional
status based on body mass index indicated that there were 13% of malnourished children in the study group and 20% in the
control group. An analysis of the examined children’s diets proved an excessive intake of protein, carbohydrates, sodium,
phosphorus, magnesium, vitamins A and C in both of the groups, and vitamins D and E in the study group. The intake of fats,
iron, vitamins C, E, D and fibre was higher in the study group than in the control group. Conclusions: The somatic development
and nutritional status in the study group of children aged up to 3 years with cow’s milk protein allergy on an elimination diet
did not significantly differ from the respective parameters obtained in the control group of children. A thorough evaluation of
the nutritional status and nutrition should be carried out in the course of check-ups in all children.
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Wstep: Podstawowa metoda leczenia alergii na biatka mleka krowiego jest eliminacyjna dieta bezmleczna. Wykazano, ze moze
ona prowadzi¢ do niedoboréw zywieniowych i zaburzen rozwoju somatycznego. Cel pracy: Analiza rozwoju somatycznego,
stanu odzywienia i sposobu zywienia dzieci z alergia na biatka mleka krowiego, pozostajacych na diecie eliminacyjnej. Material
i metody: Badaniem objeto 46 dzieci z alergig na biatka mleka krowiego w wieku 13-36 miesiecy, u ktorych stosowano diete
bezmleczng przez okres 6-30 miesiecy. Do grupy poréwnawczej zakwalifikowano 30 dzieci zdrowych w tym samym przedziale
wiekowym, pozostajacych na diecie bez ograniczen dietetycznych. Kryteriami wylaczenia byly choroby przewlekte. Rozwoj
somatyczny oceniano na podstawie parametréw antropometrycznych, stan odzywienia - w odniesieniu do wskaznika masy
ciata. Sposdb zywienia analizowano przy uzyciu programu Dieta 5. Wyniki: Niedob6r masy ciala stwierdzono u 10,87% dzieci
z alergig na bialka mleka krowiego i u 16,67% dzieci z grupy poréwnawczej, nadwage rozpoznano odpowiednio u 8,7% i 10%
dzieci, a otyto$¢ u 6,52% dzieci z alergia na biatka mleka krowiego. Niedobdr wzrostu stwierdzono u 10% dzieci z alergig na
biatka mleka krowiego i zdrowych. Ocena stanu odzywienia badanych dzieci w odniesieniu do wskaznika masy ciala wykazata,
zew grupie badanej niedozywionych bylo 13% dzieci,a w grupie poréwnawczej 20%. Analiza sposobu zywienia wykazata w poréwnaniu
z normami zZywienia nadmierne spozycie biatka, weglowodanéw, sodu, fosforu, magnezu, witamin A i C w obu grupach,
a dodatkowo witamin D i E w grupie badanej. Spozycie energii i wapnia bylo prawidlowe w obu grupach. Podaz ttuszczoéw,
zelaza, witamin D, C, E oraz blonnika pokarmowego w diecie eliminacyjnej byla istotnie wyzsza w stosunku do diety stosowanej
u dzieci zdrowych. Wnioski: W grupie dzieci z alergia na biatka mleka krowiego pozostajacych na diecie eliminacyjnej rozwéj
somatyczny i stan odzywienia nie réznily sie w sposdb istotny od analogicznych parametréw odnotowanych u dzieci z grupy
poréwnawczej. W obu grupach stwierdzono nieprawidlowosci w sposobie Zywienia.

Stowa kluczowe: stan odzywienia, alergia na biatka mleka krowiego, dieta eliminacyjna, zywienie

© Medical Communications Sp. z o.0. This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License
(CC BY-NC-ND). Reproduction is permitted for personal, educational, non-commercial use, provided that the original article is in whole, unmodified, and properly cited.

387



388

Magdalena Jedrzejczyk, Krystyna Wasowska-Krolikowska, Marzena Funkowicz, Ewa Toporowska-Kowalska

INTRODUCTION

llergic diseases are one of the most fundamental
Ahealth problems of contemporary society. The fre-

quency of cow’s milk protein allergy (CMPA) in
the paediatric population is estimated to be 1.9-4.9% and
has been constantly increasing according to epidemiolog-
ical research®?. The only effective way of treating CMPA
is a milk elimination diet®. However, it has been demon-
strated that a milk-free diet can lead to impaired somat-
ic development due to unjustified dietary restrictions and
unintended dietary mistakes®. In addition, prolonged
use of a milk-free diet without provocation tests to cap-
ture the moment when cow’s milk protein tolerance devel-
ops has been observed. The nutritional status of children
with CMPA is also affected by food allergy symptoms such
as vomiting, diarrhoea, abdominal pain, lack of appetite,
feeding disturbances and lack of acceptance and consump-
tion of only small amounts of milk replacement formulas®.
The risk of malnutrition is particularly important in chil-
dren aged up to 3 years. According to the nutritional pro-
gramming theory, the first 1,000 days of life are a critical
period for the development of a young body, with inten-
sive brain development, formation of the immune system,
maturation of the gastrointestinal system and metabolic
programming®. Nutritional interventions in this particu-
lar period of life can affect the risk of lifestyle diseases in
adulthood?. For this reason, current reports focus on the
need to monitor the somatic development and nutritional
status of children on a milk elimination diet®.
The aim of this study was to analyse somatic development,
nutritional status and diet of children up to 3 years of age
with CMPA treated with a milk elimination diet.

MATERIAL AND METHODS

The study included 46 children (25 boys and 21 girls) aged
13-36 months (mean age 20.22 + 6.51 months) with an es-
tablished CMPA diagnosis who had been on a milk elim-
ination diet for 6-30 months. The control group includ-
ed 30 healthy children (18 boys and 12 girls) in the same
age range (mean age 21.43 + 5.64 months) on an unre-
stricted diet with a history of exclusive breastfeeding up to
6 months of age. The subjects were patients of the Depart-
ment of Allergology, Gastroenterology and Child Nutrition
of the Medical University of Lodz, £6dz, Poland. Exclu-
sion criteria were chronic diseases that can affect nutrition-
al status. Data regarding the course of CMPA and the chil-
dren’s diet were obtained through a detailed interview and
a questionnaire developed by the present authors that was
administered to the parents/legal guardians of children tak-
ing part in the study. In all children, the following anthro-
pometric measurements were taken: body mass (rounded
to the nearest 0.1 kg), body height (rounded to the nearest
0.1 cm), head and arm circumference (rounded to the near-
est 0.5 cm). The results of somatic feature measurements
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were compared with growth charts developed by the World
Health Organization (WHO) for the assessment of growth
in children aged 0-5. Based on somatic measurements body
mass index (BMI) was calculated according to the follow-
ing formula:

body mass [kg]
Body mass index (BMI) =

height [m]?

The BMI results were interpreted using growth charts de-
veloped by WHO. BMI values below the 5" centile were
adopted as a criterion for malnutrition, BMI between the
5% and 85™ centile was considered normal body mass, BMI
between the 85% and 95™ centile as overweight and BMI
over the 95 centile as obesity.

The subjects’ diet was rated based on a 3-day food log in
which the children’s parents/legal guardians recorded the
amount and type of food and drink consumed by the child
and meal hours. Portion size was estimated by the parents
based on widely used measurements (usually weight and
volume) and data provided by food manufacturers. The in-
take of selected nutrients was analysed using the computer
programme Dieta 5 in accordance with food research meth-
odology in place. The mean consumption of different nutri-
ents was compared with the current recommended dietary
allowances for healthy children in Poland.

Statistical analysis was performed using statistical packages
STATISTICA PL 10 and SPSS 21. Qualitative variables were
expressed with the number of observations of different vari-
ants of a particular feature (N) with the corresponding percent-
age (%). Two independent groups were compared using the
Students ¢-test or the non-parametric Mann-Whitney U test.
Results with p < 0.05 were considered statistically significant.
The study plan received a positive opinion of the Medi-
cal University of Lodz Ethics Committee (Resolution No.
RNN/78/13/KE of 12.03.2013). Parents/legal guardians of
the subjects provided written consent to participation in the
study on behalf of the children.

RESULTS

Anthropometric measurements and BMI results and their
centile distribution are presented in Figs. 1-5. No statisti-
cally significant differences were found in the analysed an-
thropometric parameters of nutritional status between the
group of children with CMPA and the control group.
Weight deficiency was found in 10.87% of children with
CMPA and in 16.67% of children from the control group,
while overweight was observed in 8.7% of children with
CMPA and in 10% of children from the control group; obe-
sity was found in 6.52% of children with CMPA (Fig. 1).
Normal body height was found in 34.79% of children from
the study group and 43.33% of children from the control
group and short stature was found in 10.87% of children
from the study group and 10% of healthy children (Fig. 2).
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Fig. 1. Centile distribution of body mass in the study group and
the control group

o

25

20
5]
=
:§ 15
o
S
£ 10
&

5

ol

<3 (3;10) (10;25) (25;50) (50;75) (75;90) (90;97) >97
Centile position of body height
I Study group M Control group
Fig. 2. Centile distribution of body height in the study group and
the control group

w B v ~
o o o o o

Percentage of children

N
(=}

‘~ ml
o Lo -
<3 (3;15) (15; 85) (85;97) >97
Centile position of head circumference
Il study group M Control group

Fig. 3. Centile distribution of head circumference in the study
group and the control group
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Fig. 4. Centile distribution of arm circumference in the study
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Fig. 5. Centile distribution of BMI in the study group and the
control group

The analysis of centile positions of head circumference val-
ues revealed 1 child from the study group being below the
3t centile; normal head circumference was observed in 60%
of children from the study group and the control group.
Head circumference values over the 97 centile was found
in 2 children from the study group and 2 from the control
group (Fig. 3).

Based on the centile distribution of arm circumference
values it was found that a similar proportion of children
(56.67% of the control group and 56.52% of the study
group) had an arm circumference within the wide normal
range (15%-85% centile). In the study group, 4.35% of chil-
dren had an arm circumference below the 3" centile and in
15% of children the value was over the 97 centile (Fig. 4).
The majority of subjects had a normal body mass as per
BMI (67% of children from the study group and 66% of
children from the control group). There was a higher pro-
portion of malnourished children in the control group
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(20%) compared to the study group (13%). Overweight
and obesity were observed to be more common in the study
group (19% in total) than the control group (13%). No sta-
tistically significant differences were found between the two
groups (Fig. 5).

A detailed analysis of the children’s diets using food inter-
view supported by Dieta 5 software demonstrated a large
number of problems in the nutrition of children with
CMPA and those from the control group. Excessive con-
sumption of protein, carbohydrates, sodium, phospho-
rus, magnesium and vitamins A and C was found in both
groups and of vitamins D and E in the study group with ref-
erence to dietary norms for children aged between 1 and
3 years developed by the Polish Expert Group (Tab. 1).
Energy and calcium consumption was normal in both
groups. The intake of fats, iron, vitamins D, C and E and fi-
bre in elimination diet was significantly higher than in the
diet of healthy children.

DISCUSSION

Elimination diet used in the treatment of CMPA involves
excluding the harmful food from the child’s diet (milk and
milk products) and replacing it with food of an equivalent
nutritional value (a milk-replacement formula) in order to
ensure an appropriate dietary balance. Literature data show
that prolonged use of a strict diet may increase the risk of
weight deficiency and growth disorders due to calorie and
nutrient deficiencies®'?. According to expert recommen-
dations, basic anthropometric parameters and diet should
be regularly assessed in terms of quantity and quality®.
The present study revealed weight and height deficiency in
10.87% of children, including 1 child with severe malnu-
trition.

The aetiology and pathogenesis of malnutrition associated
with CMPA involves a decreased intake of food due to loss
of appetite and severe vomiting following milk consump-
tion; another factor is chronic diarrhoea associated with en-
teropathy that presents with intestinal villous atrophy, and
secondary disorders of digestion and absorption of different
nutrients (malabsorption)!¥. Growth disorders are attrib-
uted to the presence of inflammation which increases en-
ergy demand of the body and the production of cytokines
[interleukin 6 (IL-6) and tumour necrosis factor (TNF-a)];
these cytokines inhibit growth by reducing the sensitivity of
cells to growth hormone and insulin-like growth factor®®.

Observations of other authors regarding the effects of elimi-
nation diet on the nutritional status of children with CMPA
demonstrated weight deficiency in 18.3% of them"®. Hill et al.
found as many as 22% of children with diagnosed CMPA
to be underweight'®. In a study on nutritional status of 100
children with food allergy, Meyer et al. diagnosed weight
deficiency in 11.5% of subjects'”.

The problem of weight deficiency is also found in healthy
children. In the present study, the proportion of children
with weight deficiency was 13.37%, which was higher in
the control group than in patients with CMPA; in 2 of those
children extreme malnutrition was diagnosed. A simi-
lar rate of malnutrition was demonstrated in a Polish na-
tionwide nutritional status study of children aged 13-36
months, in which malnutrition was found in 12.5% and ex-
treme malnutrition was observed in 14.5% of subjects!®.
Based on epidemiological research, the rate of malnutrition
among children up to 3 years of age is estimated to be ap-
proximately 27%"”; the rate among children with CMPA is
4-26.7% according to different authors!>2?.

Overweight and obesity are at the other end of the nutri-
tional continuum. Currently, overweight and obesity in

Mean daily intake
Nutrients Mean + SD
Study group Control group Recommended amounts p

Energy [kcal] 1,113.46 + 198.36 1,037.77 £ 173.15 1,000 + 10% 0.0919
Protein [g] 44.95+10.19 46.07 £12.54 25-30 0.2665
Fats [g] 35.10+7.73 30.20 + 8.24 33-39 0.0103
Carbohydrates [g] 160.32 £ 33.56 151.07 £ 27.44 130.0 £ 10% 0.2120
Sodium [mg] 1,589.33 +418.48 1,735.53 £ 501.90 750 0.1732
Potassium [mg] 1,678.67 +399.98 1,594.87 +377.22 2,400 0.3643
Calcium [mg] 486.39 + 117.06 487.13 + 156.64 500 0.9812
Phosphorus [mg] 700.94 +130.20 685.93 +183.35 460 0.6592
Magnesium [mg] 143.11 £ 34.92 139.87 +38.24 80 0.6785
Iron [mg] 10.46 + 2.62 7.45+2.39 7 0.0000
Vitamin C [mg] 86.34 + 26.06 52.90 +22.52 40 0.0000
Vitamin A [pg] 861.41 +309.92 838.67 = 597.75 400 0.1313
Vitamin E [mg] 8.12+£2.19 4.46+2.18 6 0.0000
Vitamin D [pg] 7.74+2.95 4.31+3.29 5 0.0000
Fibre [g] 11.07 +3.48 9.04 +2.66 10-15 0.0083
SD — standard deviation.

Tab. 1. Mean daily intake of nutrients by children from the study group and the control group
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children are an important problem due to their increasing
prevalence. In Poland, 14.5% of children up to 3 years of
age were found to be overweight and 13% were found to
be obese!'®. These alarming data on the prevalence of obe-
sity have been corroborated by the present study, in which
8.7% of children from the study group were found to be
overweight and 6.52% obese, while 10% of healthy children
were found to be overweight. These figures are consistent
with the ones presented by other authors*!521,

Arm circumference is considered to be a sensitive indicator
of protein nutrition, which makes it possible to diagnose so-
matic development abnormalities resulting from improper
nutrition®®. In the present study, a normal arm circumfer-
ence was observed in more than half of subjects from both
groups. Poorer protein nutritional status (arm circumfer-
ence below the 15" centile) was diagnosed in 8.7% of chil-
dren from the study group and 13.33% of children from the
control group.

In studies by Tiainen et al. and Medeiros et al. on the nu-
tritional status of children on a milk-free diet versus chil-
dren on an unrestricted diet, BMI values were statistically
lower in children with CMPA than in healthy children®*'?.
The results of the present study are different. Malnutrition
as per BMI was diagnosed in 13% of children with CMPA
and in as many as 20% of healthy children.

Malnutrition in children with CMPA may be caused by an
unbalanced diet in terms of quantity and quality. Malnutri-
tion is usually associated with weight deficiency. However,
if there is an insufficient intake of basic nutrients, malnutri-
tion is qualitative in nature and can occur in children with
normal weight or overweight®?. Once any sources of cow’s
milk protein have been excluded from a small child’s diet,
appropriate milk replacement products should be selected
in order to ensure a sufficient supply of calcium and phos-
phorus compounds, riboflavin, pantothenic acid, vitamin
B,,, vitamin A and vitamin D from alternative sources®.
Children with hypersensitivity to cow’s milk protein of-
ten do not accept the taste and smell of milk replacement
formulas and have an aversion towards other foods intro-
duced into their diet, which is the cause of insufficient in-
take of different nutrients. Insufficient calorie supply in the
food consumed leads to attenuated growth in children?.
In the present study, the mean daily energy consumption
was within dietary norms for children. However, there are
studies in the literature in which children on an elimination
diet have a significantly lower energy intake®'?.

In the present study, all children were found to consume too
much protein, which is a risk factor for overweight and obe-
sity according to the latest reports. These results are consis-
tent with nutritional studies conducted by other authors, in
which protein consumption in children with CMPA exceed-
ed dietary norms®@"?%. Similar observations are presented
by Buczek et al. in their study, in which protein consump-
tion was 33.4 g in children with food allergy (144% of the
norm) at 2 years of age and 39.8 g (142% of the norm) at
3 years of age®®.
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Alarming observations regarding excessive sodium and
simple sugar consumption by the youngest children have
been corroborated by the present study. A relationship be-
tween excessive sodium consumption and the development
of hypertension, cardiovascular diseases and kidney diseas-
es has been demonstrated®). Research clearly shows that
over 90% of children in Poland consume too much salt, as
much as twice the recommended intake"®. This is due to
adding salt to meals during their preparation and to high
sodium content in ready food products (baked goods, cold
cuts, breakfast cereals). The consequences of excessive car-
bohydrate consumption include overweight, obesity, type 2
diabetes and tooth decay and the promotion of inappropri-
ate taste preferences®. According to expert recommenda-
tions, neither salt nor sugar should be used for the prepara-
tion of meals for infants and younger children®.

During the use of a milk-free diet, calcium-phospho-
rus balance and bone mineralisation may become im-
paired. The right supply of calcium and vitamin D in chil-
dren’s diet during the first 3 years of life has a direct impact
on the achievement of peak bone mass®®. In the current
study, a decreased calcium intake in relation to the recom-
mended target was found in 56% of the subjects, while vi-
tamin D intake was significantly higher in children with
CMPA. The mean daily intake of calcium is consistent with
the results obtained by other authors, who recorded the
mean daily intake of calcium in children with CMPA aged
13-24 months to be 546 + 170 mg and 420 + 227 mg in older
children (25-36 months)??. An interesting study comparing
diets of children with CMPA and those of healthy children
also documented a larger mean vitamin D intake in chil-
dren on a milk-free diet®?. The available literature reports
indicate that the intake of vitamins A, E and C in the di-
ets of healthy children exceeds the recommended targets!®.
The present study also revealed excessive vitamin A and
C intake (in both groups); vitamin E consumption was
significantly higher in children on an elimination diet.
Weker et al. found vitamin A and C intake to be excessive
in as many as 90% of studied children aged up to 3 years®®.
Often being unaware of possible side effects, parents en-
rich their children’s diet with vitamin and mineral supple-
ments without doctor’s advice. Apart from vitamin and
mineral formulations, excessive vitamin intake is caused by
children’s food fortified with vitamins and minerals. Exam-
ples of fortified foods include vitamin A-fortified marga-
rines, milk products fortified with vitamin D, fruit juices,
desserts and fruit drinks with vitamin C and baby porridg-
es and breakfast cereals with added group B vitamins, cal-
cium and iron. The use of multivitamin supplements on top
of fortified products may lead to overdose of particular vi-
tamins and minerals.

The present detailed analysis of children’s diets has led to the
conclusion that both groups of children (with CMPA and
without it) had a poorly varied, monotonous diet with low
amounts of wholegrain products and fruit and vegetables.
The subjects received highly processed foods too early,
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which contain excessive amounts of simple sugars and salt.
Early childhood is the time when food preferences and hab-
its develop. The numerous dietary mistakes revealed by the
present study may be the cause of inappropriate food be-
haviour in adulthood and predispose individuals to civilisa-
tion diseases; therefore, education on a healthy diet should
be constantly provided to all parents and legal guardians.

CONCLUSIONS

. The children taking part in the study were found to have

an abnormal nutritional status: 10.87% of children with
CMPA and 16.67% of children from the control group
were malnourished; overweight and obesity were less
common (8.7% of children with CMPA and 10% of chil-
dren from the control group were overweight and 6.52%
of children with CMPA were obese). The differences be-
tween the groups were not statistically significant.

. Based on diet analysis using the Dieta 5 computer pro-

gramme, dietary problems were revealed in both groups
such as, in particular, excessive consumptions of pro-
tein, carbohydrates, sodium, phosphorus and vitamins
Aand C.

. The parents/legal guardians of the subjects have an insuf-

ficient knowledge on dietary recommendations. There-
fore, urgent educational efforts should be undertaken in
order to limit disorders of somatic development and to
prevent civilisation diseases.
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