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Abstract

Overweight and obesity in children is becoming an increasingly common problem due to the increased access to processed food,
overly high energy density diet, and limitation of physical activity in children. Such trends in today’s society lead to health conse-
quences that can be observed in the early stages of carbohydrate metabolism disorders. Reduction of body weight and changes in
eating habits can prevent the onset of type 2 diabetes. Recently, the benefits of consuming products containing resistant starch, which
has the main advantage of influencing the metabolic pathway of glucose, have been increasingly underlined.

To date, no recommendations have been made for the daily intake of resistant starch or its content in individual products available
on the food market. However, in the medical literature, there are an increasing number of reported cases of the beneficial effect of
consuming resistant starch as a factor that supports glycaemic control in children with carbohydrate disorders.

Unfortunately, the above topic requires further research in this direction, especially in the developmental age population, which will
allow the formulation of precise conclusions regarding its use in the prevention of overweight, obesity, carbohydrate metabolism
disorders, and the development of diabetes.
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Streszczenie

Nadwaga i otyto$¢ u dzieci staje sie coraz czestszym problemem ze wzgledu na zwiekszony dostep do przetworzonej zywnosci,
zbyt duza gestos¢ energetyczng diety oraz ograniczong aktywnos¢ fizyczng u dzieci. Takie trendy dzisiejszego spoteczenstwa pro-
wadzg do wystepowania konsekwencji zdrowotnych, ktére na samym poczatku mozna zaobserwowa¢ w zaburzeniach gospodarki
weglowodanowej. Redukcja masy ciata oraz zmiana nawykéw zywieniowych moga zapobiec wystapieniu cukrzycy typu 2. Ostatnio
coraz czesciej podkresla sie korzysci ze spozywania produktéw zawierajacych skrobie opornag, ktérej gtéwna zaleta jest wptyw na
szlak metaboliczny glukozy. Do dnia dzisiejszego nie stworzono zalecert dotyczacych dziennego spozycia skrobi opornej ani nie
uwzgledniono jej zawartosci w poszczegdlnych produktach dostepnych na rynku spozywczym. Mimo to w literaturze pojawia sie
coraz wiecej doniesier o korzystnym wptywie spozywania skrobi opornej jako czynnika, ktéry wspomaga kontrole glikemii u dzieci
z zaburzeniami gospodarki weglowodanowej. Niestety, powyzsza tematyka wymaga dalszych badan w tym kierunku, szczegélnie
w populacji wieku rozwojowego, ktére pozwola na sformutowanie precyzyjnych wnioskéw dotyczacych jej stosowania w profilakty-
ce nadwagi, otytosci, zaburzer gospodarki weglowodanowej i rozwoju cukrzycy.

Stowa kluczowe:

skrobia oporna, nadwaga, otytos¢, metabolizm weglowodanéw.
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Introduction

Currently, overweight and obesity in children is becoming
an increasingly common problem due to increased access to
processed food, overly high energy density of diet compared
to energy expenditure, and a sedentary lifestyle [1].

Such trends in today’s society lead to the occurrence of
health consequences, which can be observed in the begin-
ning of carbohydrate metabolism disorders [2].

Recent studies conducted by HBSC (Health Behaviour in
School-aged Children) in 2014, in the population of Polish stu-
dents, confirmed that overweight and obesity is a problem that
affects 14.8% of children taking part in the study [3].

According to the data collected by the National Health Pro-
gram in 2014-2018, there was an increase in adolescents with
excessive body mass, from 19.9% to 21.7%. It was noted that
the critical age in children is 13 years, and the incidence of the
problem is increasing in the group of boys [4].

The observed trend gives an unsatisfactory result, and
obesity is a factor strongly predisposing to the development
of insulin resistance and type 2 diabetes in children [5]. In-
creased incidence of type 2 diabetes is observed in paedi-
atric patients aged 12-16, at the time of puberty. It should be
remembered that not every child with excessive weight and
insulin resistance will develop type 2 diabetes [6]. Body weight
reduction as well as change in eating habits can prevent the
incidence of type 2 diabetes mellitus. Recently, the benefits
of consuming products containing resistant starch, which has
the main advantage of affecting the metabolic pathway of glu-
cose, have been increasingly underlined [7].

The purpose of the article is to summarise current reports
on the beneficial effect of consuming resistant starch as a fac-
tor that supports glycaemic control in children with carbohy-
drate metabolism disorders.

The impact of diet on reducing
the occurrence of metabolic complications

The first modification in the nutritional habits of children
with abnormal body weight and/or carbohydrate and lipid me-
tabolism disorders is the modification of their diet so that it is
consistent with the basic principles of proper nutrition.

These include the consumption of products with low and
medium glycaemic index [8]. These products are character-
ised by IG below 55, and they are a rich source of dietary fibre,
which has a positive effect on regulating the level of glucose
in the blood.

The currently accepted definition of dietary fibre also in-
cludes resistant starch, which works compatibly with other
non-digested parts of carbohydrates by the human body. Re-
sistant starch is digested by in vitro digestive enzymes over
120 minutes [9].

To this day, no recommendations have been completed for
the daily intake of resistant starch or its content in individual
products available on the food market. The main reason is

82 © Copyright by PTEIDD 2019

its variability, inter alia, due to cooking, cooling, and product

maturation [10].

In developing countries, the intake of resistant starch var-
ies between 30-40 g per day and depends on the selection of
the group of products in daily nutrition [11].

Resistant starch is categorised into four types:

* RS1 - whole-grain products (e.g. bread, seeds, legumes);

* RS2 -raw potatoes, green bananas, maze with a high amy-
lose content;

* RS3 - boiled and then cooled starchy products such as:
potatoes, stale bread, pasta, rice, cereals;

* RS4 - food products based on chemically modified starch-
es, e.g. commercially produced bread or cakes;

* RS5 - food products containing a natural combination of
amylose-lipid complex in fat-containing bread as an ingre-
dient or food products containing artificial amylose-lipid
complexes such as stearic acid complex of high amylose
starch [12].

The Landon publication from 2012 contains selected
sources of resistant starch in food products available on the
British market. It shows, among other things, how the degree
of maturity of a given food product affects the content of re-
sistant starch, for instance, mature banana contains 1.23 g
RS/100g of the product, and green banana 8.50 g RS/100g.

Attention was also paid to the influence of heat treatment
on the content of resistant starch in food products. Dry le-
gume seeds consumed without prior preparation contain 3.4 g
RS/100g of product, and after their cooking, the content of re-
sistant starch increases even to the level of 9.1 g RS/100 g of
product [13].

More and more scientific works show the beneficial effect
of consuming products containing resistant starch. This article
aims to summarise the most important research in this topic.

Resistant starch and glucose metabolism

Unfortunately, as of today, most studies on resistant starch
have been carried out on adults, and there are few reports of
its effect in paediatric patients available in the literature. Previ-
ous studies focus on the following types: RS1, RS3, and RS4
and their impact on carbohydrate metabolism, and in particu-
lar on the metabolism of glucose and insulin [14].

One of the few studies conducted on the group of obese
children was published in 2015 by Ayrana et al. The study
involved 110 patients aged 7-8 years and 13-14 years with
excessive body mass who for four weeks consumed yogurt
enriched with resistant starch. The conclusions from the above
study did not show any clear benefits of the influence of resis-
tant starch consumption on the improvement of insulin sen-
sitivity in children [15]. In turn, Bodingham et al. conducted
a study on a group of 20 adult patients who received a type
2 resistant starch in a 48-gram dose per day spread over two
meals. Increased intake of resistant starch did not affect the
level of glucose, but significantly reduced the level of insulin
secretion [16].
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However, another study describing the above topics was
published by Poquette et al. It focused on the influence of
resistant starch obtained from brown rice. This product was
previously subjected to a thermal treatment and then trans-
formed into flour. After observing a group of 14 healthy men,
the plasma glucose was reduced by 36% and insulin by 28%,
compared to the control group in which such a nutritional
modification was not introduced [17]. Researchers cooperat-
ing with Hallstrom, who carried out their research using cere-
als containing a large amount of amylose, reached somewhat
different conclusions. The daily portion of resistant starch
served in said food product was 7.7 g/day. The supply in such
a dose of resistant starch allowed for the reduction of glucose
and insulin [18].

One of the latest research projects carried out by Stewart
et al. showed a significant difference in post-prandial blood
glucose concentration and the discharge of insulin from the
pancreas under the influence of swapping a food product con-
taining wheat flour into a product with the addition of RS4.

In the study, a significant reduction in the postprandial glu-
cose and insulin levels was observed in the study group after
a meal with the addition of RS4 [19].

Resistant starch and intestinal microflora

It should be noted that resistant starch not only affects the
metabolism of glucose in the body, but also has been proven
to have beneficial properties on the consumption of the in-
testinal microflora. It has now been found that the composi-
tion on intestinal bacteria differs in patients with normal body
mass compared to people who are overweight or obese [20].

One of the most important differences among the obese
patients is the increase in bacterial lipopolysaccharide (LPS),
the excessive concentration of which results in abnormal glu-
cose and triglyceride metabolism and, consequently, an in-
creased risk of insulin resistance [21].

In 2015, the effect of supplementation with type 2 resis-
tant starch in children aged 3-5 years was examined. Within
four weeks, a group of 18 subjects were supplemented with
RS2 supplement in a dose of 8.5 g per day. The results of
the study were not unequivocal and there were no significant
changes in the effect of resistant starch on intestinal micro-
flora in children [22].

Studies on the impact of resistant starch on intestinal
microflora were also conducted in adult patients in 2017 by
aresearch centre in the USA. It was found that a diet rich in re-
sistant starch positively influences the increase of enzymatic
pathways during digestion and the metabolism of lipids in the
intestines [23].

Resistant starch and appetite

The influence of resistant starch on the regulation of ap-
petite and the feeling of satiety is more often observed [24].

Gentile et al., when conducting studies on the obese and
overweight group, verified that only meals containing resistant
starch in combination with protein accelerated the metabolism
of fat and the feeling of satiety [25].

Another report proving that the introduction of products
containing resistant starch favourably affects glucose metab-
olism and appetite regulation is the study by Sandberg et al.
carried out on a group of 21 healthy people. A meal containing
bread made from rye flour was given to each person involved
in the Sandberg study [26].

There are also some reports — including the results of
a study conducted by Castillo-Ble et al., who analysed the ef-
fect of green banana intake on appetite in healthy people —
which did not show a correlation between the consumption
of resistant starch and its effect on decreased appetite [27].

Conclusions

To sum up the current knowledge about resistant starch,
there is no unambiguous position as to the benefits of its con-
sumption. There are, however, many scientific reports about its
beneficial effects on carbohydrate metabolism, the composition
of the body’s microflora, appetite regulation, and body weight.

Most researchers have adopted a common position re-
garding its beneficial effects on glucose metabolism. The intro-
duction of an adequate amount of resistant starch into the daily
diet reduces the glucose level and the consequent reduction of
insulin output.

Other advantages of resistant starch are not fully tested,
although there are various opinions about it and its effect on
the human body in the literature. Currently, a very popular topic
related to the incorrect composition of the intestinal microflora
and its effect on the occurrence of the metabolic syndrome is
not fully understood [28].

However, more and more scientific reports indicate that ab-
normal intestinal microflora affects the predisposition to insulin
resistance and the development of diabetes [29].

It should be noted that the subject of resistant starch is
the least studied in the paediatric group. The subject matter
analysed in this article requires further studies and research in
this direction, especially in the developmental age population,
which will allow the formulation of precise conclusions regard-
ing the use of resistant starch in the prevention of overweight,
obesity, carbohydrate metabolism disorders, and the develop-
ment of diabetes.
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