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ABSTRACT

Introduction: A significant increase in the
incidence of overweight and obesity is observed
among children and adolescents. This problem
began to occur not only in healthy populations,
but also among young diabetics. The aim of the
study was to assess the nutritional status of
children and adolescents with type 1 diabetes
mellitus (T1DM) compared to those in a control
group of healthy subjects as well as to determine
the influence of the type of insulin therapy
used.

Methods: The case-control study included 169
people aged 9-15 years. The study group
(n = 85) consisted of Polish children with
T1DM, and the control group (n = 84) consisted
of healthy subjects. The assessment of the
nutritional status included anthropometric
measurements. Analysis of body composition
was carried out by bioelectrical impedance
analysis. To assess nutritional behavior a ques-
tionnaire was used. Approval was obtained from

M. Grabia (X)) - R. Markiewicz-Zukowska
Department of Bromatology, Medical University of
Biatystok, Biatystok, Poland

e-mail: monika.grabia@umb.edu.pl

the ethics committee of the Medical University
of Bialystok (no. R-I-002/168/2017).

Results: Median body mass index (BMI) value
in the T1IDM group was 19.2 kg/m? and was
statistically significantly (P < 0.05) higher than
in the control group (17.8 kg/m?). Normal BMI
was found in 90% of the individuals in the CSII
group, while in the MDI group it was only 61%.
The percentage of fat mass was 19.1% in the
T1DM group and 17.6% in the healthy group.
The percentage of muscle mass was 36.1% and
34.5%, respectively. The abdominal obesity
according to waist circumference (above 90th
percentile) turned out to be statistically signifi-
cant (P <0.01) and occurred more often in
adolescents with T1IDM (27%), while in the
healthy group it was 12%.

Conclusions: The healthy individuals as well as
the majority of the children and adolescents
with type 1 diabetes mellitus were well nour-
ished. People using personal insulin pumps
showed better nutritional status than those
using insulin pens.
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Key Summary Points

Why carry out this study?

The case-control study included 169
children aged 9 to 15 years: the study
group (n = 85) contained Polish children
with type 1 diabetes mellitus (T1DM), and
the control group (n = 84) consisted of
healthy pupils. The assessment of the
nutritional status including
anthropometric measurements and
analysis of body composition was carried
out by bioelectrical impedance analysis.

The aim of the study was to assess the
nutritional status of children and
adolescents with T1DM compared to the
healthy control group as well as to
determine the influence of the type of
insulin therapy used.

What was learned from the study?

Median body mass index (BMI) value in
the T1IDM group was 19.2 kg/m? and was
statistically significantly (P < 0.05) higher
than in the control group (17.8 kg/m?).

Normal BMI was found in 90% of the
individuals in the CSII group, while in the
MDI group it was only 61%.

Only abdominal obesity according to
waist circumference (> 90th percentile)
was statistically significant (P < 0.01) and
occurred more often in adolescents with
T1DM (27%), while in the healthy group
it was 12%.

The majority of children and adolescents
with type 1 diabetes mellitus and healthy
individuals were well nourished. Methods
for assessing nutritional status are safe and
non-invasive, and the results of the study
can be used by physicians in diabetic
patients, helping them monitor the
metabolic control of the disease, which
determines the proper somatic
development of pediatric patients.

DIGITAL FEATURES

This article is published with digital features,
including a digital abstract and summary slide,
to facilitate understanding of the article. To
view digital features for this article go to https://
doi.org/10.6084/m9.figshare.13235321.

INTRODUCTION

Diabetes mellitus type 1 (T1DM), also known as
insulin-dependent diabetes, is a multifactor
autoimmune disease; thus, a single factor
responsible for occurrence of the disease cannot
be determined. It involves chronic hyper-
glycemia episodes deriving from degradation of
beta cells in islets of Langerhans in the pan-
creas. The most common symptoms are: poly-
uria, polydipsia, polyphagia, and unintended
weight loss [1]. The International Diabetes
Federation (IDF) estimates that over 1 million
children and adolescents up to the age of 20
struggle with type 1 diabetes [2].

Intensive insulin therapy is the most conve-
nient treatment method, but it requires abso-
lute compliance with certain rules, such as daily
reliable self-monitoring of blood glucose levels
and individual modification of insulin doses
depending on the nutritional value of a meal or
on physical activity [3-5]. The method of choice
is functional intensive insulin therapy con-
ducted as continuous subcutaneous insulin
infusion (CSII) by personal insulin pump (PIP)
and multiple daily injections (MDIs) by insulin
pen. One of the most important advantages of
using PIP is the manner in which it enables
better imitation of the physiological rhythm of
insulin secretion, improves average blood glu-
cose values and lowers the percentage of gly-
cated hemoglobin (HbAlc), but most of all it
has a positive effect on the quality of life.
However, it also requires significant and active
involvement on the part of the patient and of
his/her family [4, 5]. In Poland, it is the most
common method of treatment in the pediatric
group [6].

Due to the individual needs of each patient,
a universal diet does not exist. Nevertheless,
every patient should follow the basic
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recommendations for proper nutrition. The
necessary change in eating habits should
include avoidance of products with a high gly-
cemic index, high glycemic load, and easily
digestible carbohydrates [7, 8]. At the same
time, the diet should be well balanced and
provide nutrients that have a beneficial effect
on the nutritional status, which determines the
proper growth and development of the young
body. Over the past few years, an increase in the
occurrence of overweight and obesity has been
observed, especially among children and ado-
lescents. The tendency to increase body weight
exists not only in healthy populations, but also
among young diabetics [9-11].

The aim of the study was to assess the
nutritional status of children and adolescents
with type 1 diabetes mellitus compared to the
healthy control group as well as to determine
the influence of the type of insulin therapy
used. We hypothesized that the nutritional
status will be more disturbed in the diabetic
group than in the healthy group and that the
type of insulin therapy affects nutritional status.

METHODS

Study Group

From 280 participants, 169 people aged 9-15
years were chosen and included in our case-
control study. The study group (n = 85) con-
tained Polish children with type 1 diabetes
mellitus taking part in rehabilitation camps and
the control group (n = 84) consisted of healthy
pupils from schools. The control group recruit-
ment was based on the medical history inter-
view; there were no symptoms indicating the
possibility of diabetes or other disease entities,
and thus there was no reason to implement
diagnostics. As Fig.1 shows, the additional
selection criteria for inclusion in the study were
age (between 9 and 15 years of age) and dwell-
ing in the Warmian-Masurian and Podlaskie
Voivodeship. The study was conducted from
August 2017 to November 2019.

The study included 95 girls (TIDM group
n =49, control group n=46) and 74 boys
(n=36 and n = 38, respectively). The T1DM
group used different types of insulin therapy: 59

Invited for participation:

n=280

(with TIDM n=130; without TIDM n=150)

Excluded: n=111

Age<9and> 15 years

Not from Wamian-Masurian and Podlaskie voivodships

Other chronic diseases diagnosed
Declined to participate
Missing data

Control group n=84

Study group n=85

Fig. 1 Flow chart of the selection of the study cohort
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(70%) people used personal insulin pumps, and
26 (30%) used insulin pens.

Approval was obtained from the ethics
committee of the Medical University of Biatys-
tok (no. R-1-002/168/2017). The procedures
used in this study adhere to the tenets of the
Declaration of Helsinki. Informed consent was
obtained from all individual participants inclu-
ded in the study and from their legal guardians.

Anthropometric Measurements

The assessment of the nutritional status con-
sisted of anthropometric measurements
(height; weight; circumference of the upper
arm, waist and hips; thickness of skin fat folds
on the upper arms; hips and shoulder blades).
Body height measurements in the Frankfort
horizontal plane position with an accuracy of
0.1 cm were made with an InLab height meter
(InBody, Seoul, Korea). Size measurements of
the waist, hips and upper arm were made with a
Gulick tape measure (Baseline 12-1201) with
accuracy of 0.5cm in accordance with the
guidelines of the National Health and Nutrition
Examination Survey [12]. In 2017, the IDF
published findings stating that waist circum-
ference (WC) > the 90th centile in children
from 10 to 16 years old points to predisposition
to cardiovascular disorders and is the primary
diagnostic criterion for metabolic syndrome
[13]. For the examination of skin fat folds, a
calibrated skinfold caliper (Saehan SHS5020)
with an accuracy of 0.1 mm was used. The
measurements were taken on the non-domi-
nant side of the body, above the triceps muscle
of the upper arm vertical grip, under the
shoulder blade in a horizontal grip and on the
stomach in an oblique grip a quarter distance
between the navel and the iliac. The test was
repeated three times from each place and then
the average of the results obtained was calcu-
lated [14].

Body Composition Analysis

Bioelectrical impedance analysis (BIA) assesses
body fat by passing a small current through the
body and then assessing differences in

impedance between fat and lean tissues, which
have different electrical properties [15]. Analysis
of body composition was carried out by BIA on a
BC-1000 device (Tanita, Tokyo, Japan). Mea-
surements of body weight, fat content and
muscle mass were made with an accuracy of
0.1 g. To take a reliable measurement, partici-
pants were placed on a fast and permitted no
physical exertion for a period of 10 h before the
measurement. The test was performed in the
morning at room temperature. The categoriza-
tion into low, medium and high body fat con-
tent was based on gender, age and values
developed by the analyzer producer.

Nutritional Status Indicators

In examination of pediatric patients, body mass
index (BMI), one of the most commonly used
indicators in the assessment of obesity and
malnutrition, should be interpreted in relation
to developmental norms included in centile
grids. The 10th, 85th and 97th centiles coincide
with the limits of underweight, overweight and
obesity, respectively [14]. The waist-hip ratio
(WHR) allows determining the type of body
shape and location of fat accumulation. Waist-
to-height ratio (WHtR) is used to assess the
distribution of abdominal fat. In the population
of children and adolescents with abdominal
obesity and an increased risk of metabolic syn-
drome, the index value is > 0.5 regardless of
gender [16].

Questionnaire

To assess nutritional behavior, a questionnaire
was created containing questions about the
kind and number of meals consumed during the
day and frequency of consumption of certain
products and product groups such as snacks.
The questionnaire was conducted with each
participant separately. Moreover, patients were
asked to provide the most recent HbAlc test
results (taken no more than 3 months before).
The test results were used to assess metabolic
management. According to the American Dia-
betes Association recommendations, HbAlc at a
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level < 7% (53 mmol/mol) is suitable for most
children with T1DM [8].

Statistical Analysis

The results were statistically processed using
Statistica, a computer program software (version
13 PL; TIBCO Software Inc., Palo Alto, CA, USA).
The normal distribution of the studied variables
was checked using the Shapiro-Wilk test. Stu-
dent’s t-test for independent samples was used
for analysis of quantitative data, and a non-
parametric (Mann-Whitney U and Kruskal-
Wallis ANOVA) test was used when data were
not symmetrically distributed. The existence of
relationships between qualitative features was
assessed using the chi? test of independence. In
justified cases, an additional V-square test and
Yates correction were used. To demonstrate the
correlation of two features, Spearman’s correla-
tion coefficient with Bonferroni’s amendment
was used. The correlation coefficient (R value)
was interpreted on a scale of R=1—full;
0.9 > R > 0.5—high; 0.5 > R > 0.3—moderate,
0.3 > R > 0.1—weak; R =0—no correlation.
P < 0.05 was considered statistically significant.
The minimum (required) number of people in
the sample was calculated assuming a

Table 1 Baseline characteristics of the study cohort

maximum error value (11%) and a set confi-
dence level (95%).

RESULTS

The characteristics of the studied groups are
summarized in Table 1. Physical development
(height and weight) was similar in both groups.
Median HbAlc was 7.4% (57 mmol/mol). Sig-
nificant statistical differences (P < 0.001) were
found between HbAlc in the group of children
and adolescents using insulin therapy with a
pump (7.1%; 57 mmol/mol) compared to those
who used pens (8.0%; 64 mmol/mol). The
comparison of HbAlc level in both groups
depends on gender and is presented in Table 2.

Table 3 presents values and percentage clas-
sification of BMI in the T1DM and control
group, but also divided into applied insulin
therapies. Median BMI value in the T1DM
group was 19.2 kg/m? and was statistically sig-
nificantly (P < 0.05) higher than in the control
group (17.8 kg/m?). Underweight and normal
weight were found in 5% and 81% of patients in
the study group and in 5% and 77% of the
control group, respectively. In the TIDM group
14% were overweight or obese compared to 18%

Parameter T1DM group (» = 85) Control group (» = 84)

X + SD Me (Q;-0Q5) X + SD Me (Q;-0Q5)

Age (years) 11.8 & 2.0 12.0 (10.0-13.5) 113 + 12 11.0 (10.5-12.0)
Gitls 115 + 1.9 11.0 (10.0-13.0) 114+ 13 11.0 (10.0-12.0)
Boys 124 + 1.9 12.0 (11.0-14.0) 113 £ 1.3 11.0 (11.0-12.0)

Height (cm) 156.1 & 12.9 156.0 (147.0-164.0) 153.5 & 9.9 153.8 (146.0-160.5)
Gitls 154.0 + 12.7 155.0 (146.0-163.0) 152.0 £ 9.5 153.0 (146.0-160.0)
Boys 158.9 + 13.0 156.5 (150.0-169.0) 1553 + 10.2 154.8 (146.0-162.0)

Weight (kg) 483 + 13.8 47.0 (36.4-57.3) 446 + 123 41.6 (354-51.2)
Gitls 460 £ 135 46.1 (35.8-54.0) 43.8 + 12.8 417 (33.7-51.0)
Boys 514 + 13.8 47.9 (40.8-62.4) 455 + 11.7 41.5 (36.0-53.0)

Values are expressed as average & standard deviation (X £ SD), median, lower and upper quartile [Me (Q;-05)]

T1DM diabetes mellitus type 1, z number of respondents
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Table 2 HbAlc level in the study group

CSII (z = 59) MDI (» = 26)

% mmol/mol % mmol/mol
Total 7.1 (65-7.7)" 54 (48-61)* 8.0 (7.3-8.6)* 64 (56-70)*
Girls 7.5 (67-7.8) 58 (50-62) 7.7 (7.3-8.2) 61 (56-66)
Boys 6.6 (6.5-7.2)* 49 (48-55)* 8.0 (7.3-8.9)* 64 (56-74)*

Values are expressed as median, lower and upper quartile [Me (Q;-0Q3)]. The Mann-Whitney U test was used to
demonstrate statistical significance

CSIT continuous subcutaneous insulin infusion, HbAIc glycated hemoglobin, MDI multiple daily injections, 7z number of
respondents

*P < 0.001 CSII vs. MDI group

Table 3 Values and percentage classification of BMI in the study cohort

Parameter T1DM group

Total (2 = 85)

Control group (7 = 84)

CSII (2 = 59) MDI (» = 26)

BMI (kg/m?)

Total* B¢ 19.2 (17.1-21.6) 18.4 (16.4-20.2) 21.3 (18.5-22.8) 17.8 (15.9-20.5)
Girls 19.0 (16.4-20.8) 19.0 (15.9-20.2) 20.9 (17.5-22.9) 17.9 (15.9-20.6)
Boys*"P" 19.5 (17.5-22.0) 18.3 (17.2-20.2) 21.5 (18.5-22.8) 17.6 (15.9-20.4)

Classification of BMI [total% (girls%/boys%)]

Underweight 5 (8/0) 7 (10/0) 0 (0/0) 5 (7/3)
Normal 81 (86/75) 90 (88/95) 61 (75/56) 77 (78/76)
Overweight 13 (6/22) 3 (2/5) 35 (25/39) 17 (13/21)
Obese 1 (0/3) 0 (0/0) 4 (0/5) 1 (2/0)

Values are expressed as median, lower and upper quartile [Me (Q,-Q3)] in the BMI (kg/m?) part of the table. The Kruskal-
Wallis test and multiple comparisons of the mean ranks for three groups were used to demonstrate statistical significance
BMI body mass index, CSII continuous subcutaneous insulin infusion, MDI multiple daily injections, 7» number of
respondents, T1DM diabetes mellitus type 1

*P < 0.05, *P < 0.01, *™*P < 0.001

A CSI vs. MDI group

® MDI vs. control group

© T1DM(rotal) vs. control group

in the healthy group. Percentage distribution of Normal BMI was found in 90% of the individ-

BMI did not differ statistically. BMI in the CSII
group (18.4 kg/m?) was statistically significantly
(P <0.01) lower compared to the MDI group
(21.3 kg/m?). Statistically significant differences
(P < 0.001) were observed between the pen user
(21.3kg/m?) and control groups (17.8 kg/m?).

uals in the CSII group, while in the MDI group it
was only 61%. Over one third (35%) of pen
users and only 3% of persons in the PIP group
were overweight. At the same time, only 7% of
people using pumps were underweight.
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Fig. 2 Percentage of people at risk of developing abdom-
inal obesity based on sclected parameters (WC, HC,
WHR, WHtR). Differences between groups were evalu-
ated by the chisquare test. *P < 0.05; *P < 0.01;
**P < 0.001. HC hip circumference, CSII continuous
subcutaneous insulin infusion, MDI multiple daily injec-
tions, 7z number of respondents, WC waist circumference,
WHR waist-hip ratio, WHZR waist-to-height ratio

Moreover, only single pen users could be clas-
sified as obese.

From among all study participants, a group
of overweight and obese children and adoles-
cents was identified and divided by the type of
insulin therapy. Only abdominal obesity
according to WC (above 90th centile) turned
out to be statistically significant (P < 0.01) and
occurred more often in adolescents in the
T1DM group (27%), while in the healthy group
it was 12%. Other parameters differed slightly in
occurrence frequency between groups. In the
diabetes group WHR was higher (1.1 vs. 0.9) and
WC was lower (75.0 vs. 80.0 cm) as well as hip
circumference (HC) (94.5 vs. 95.0cm) com-
pared to the control group. No differences were
found in WHtR between groups. Increased
WHtR, WC and HC occurred statistically
(P < 0.01) more often in the group of people
using pens than in the group using PIP. The
statistically significant associations between the
groups are presented in the Fig. 2.

The percentage of fat mass was 19.1% in the
group with T1IDM and 17.6% in the healthy
group. Percentage of muscle mass was 36.1%
and 34.5%, respectively. Figure 3 presents a box
plot of the percentage of fat and muscle tissue

in individual groups by gender. There was no
statistically significant difference between the
median body fat content in adolescents with
CSII (19.1%: girls—22.8%; boys—14.7%) and
MDI (18.9%: 24.2%; 17.0%), respectively. The
muscle content in the PIP group was 34.8%
(girls—33.7%; boys—37.9%), but in the pen
group was 39.1% (girls—36%; boys—39.3%).
The difference between these groups, as well as
between the pen group and the control group,
was statistically significant (P <0.05 and
P < 0.01, respectively).

Figure 4 presents a graph illustrating the
division of the respondents according to the
percentage of body fat mass. Almost 60% of
them were characterized by normal body fat
content, while the rest had either too low (27%
of respondents) or too high (16% of respon-
dents) fat content. About 75% of the people
using CSII had normal body fat compared to
50% among those using MDI. High body fat
content was observed in 10% of patients using
CSII and in 30% in the other group. Statistically
significant (P < 0.01) dependence was demon-
strated between the percentage of body fat and
the occurrence of the disease.

A moderate positive statistically significant
correlation between HbA1lc and anthropometric
measurements such as circumferences (arm,
waist and hip; P < 0.001), skinfolds (arm, hip
and shoulder; P < 0.001) and indicators (BMI,
P <0.001; WHtR, P <0.05) and fat mass
(P < 0.05) was found.

Table 4 presents types of meal models and a
list of products declared as consumed between
meals. The respondents from T1DM group
usually consumed six or more meals per day
(39% in the CSII group, 46% in the MDI group)
and five meals per day (34% and 42%, respec-
tively). Compared to the control group, where
the three- or four-meal nutrition model (46%)
definitely dominated, the difference was statis-
tically significant (P < 0.001). The vast majority
of adolescents (> 80%) in the T1DM group
responded that every day they ate a first break-
fast before school compared to 69% in the
control group. The study showed that almost
three-fourths of adolescents consumed a meal
at school in both the T1DM and healthy group.
Statistical significance (P < 0.001) was
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Fig. 3 Box plot of the percentage of body fat and muscle
tissue in the control and study group. Values are expressed
as median, lower and upper quartile [Me (Q;-05)]. The
Kruskal-Wallis test and multiple comparisons of the mean
ranks for three groups were used to demonstrate statistical

demonstrated between pen and pump users.
Patients from the CSII group often ate snacks
such as fruit (71%), sweets (53%) and unsweet-
ened milk drinks (41%). Participants in the MDI
group also frequently consumed fruit (65%) and
sweets (38%) but chose salty snacks (35%) much
more often than sweetened milk drinks (27%).
More than half of the children in the control
group consumed fruit (57%) and sweets (52%)
as snacks between meals.

DISCUSSION

To our knowledge, few papers have focused on
assessing the nutritional status of children and
adolescents with type 1 diabetes mellitus, and
most of them were not cited in our study

significance. *P < 0.05; **P < 0.01. CSII continuous sub-
cutaneous insulin infusion, MDI multiple daily injections,
n number of respondents

because of their small sample size, wide age
limits or lack of a control group.

Research presented in 2016 at the Interna-
tional Society for Pediatric and Adolescent
Diabetes showed that in the years 2010-2014
the incidence of TIDM increased. It is estimated
that currently 18.4 per 100,000 people get this
disease in the age group up to 18 years. It has
been observed that the majority of new patients
are between 10 and 14 years of age [17]. Due to
the above reports, our study was conducted in a
similar age group. The median age of people
with type 1 diabetes mellitus was 12.0 years and
11.0 years in the control group.

The most frequently mentioned factors that
have a huge impact on the formation of exces-
sive body weight are the difficulty to adequately
manage glucose control, an improper diet rich
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Fig. 4 Percentage of respondents with low, normal or high body fat content. CSII continuous subcutaneous insulin
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in animal fats and products with a high gly-
cemic index and low levels of daily physical
activity [17, 18]. In patients with T1DM, the
anabolic effect of insulin has a significant
impact [19]. A connection was found between
HbAlc and high accumulation of fat in the
abdominal area, which was confirmed in our
study, as well as in Ingberg’s study [20, 21].
Good metabolic management is essential not
only for normal growth and development in
pediatric patients with T1DM, but also for
reduced or delayed progression of existing
complications [22, 23]. Our research showed
median HbAlc was 7.4% (57 mmol/mol). Simi-
lar metabolic control was presented in the
works of Majewska et al. (7.7%; 61 mmol/mol),
Sarnblad et al. (7.9%; 63 mmol/mol) and Pietr-
zak et al. (8.0%; 64 mmol/mol) [24-26]. We
proved that between the two insulin therapies
used, with respect to maintaining good meta-
bolic management there is a definite difference
in favor of PIP (7.1 wvs. 8.0%; 54 ws.
64 mmol/mol; P < 0.001). However, in our
study, we found that girls using PIP had higher
HbAlc than boys (7.5 vs. 6.6%), but when
comparing both insulin therapies girls had
similar results (7.5 vs. 7.7%). Samuelsson et al.,
in their large population study compiled on the
basis of data from the national registry, showed
a gender difference—girls had poor metabolic

control, i.e., higher HbAlc values [27]. The
reason may be that girls have worse metabolic
control during adolescence than boys [28].
Among the factors influencing this may be the
difference in hormonal changes between the
respective genders during this period [29]. Some
of the studies have proven that both insulin
dosages and HbAlc values are significantly
higher in girls [30, 31].

Methods for assessing the nutritional status
of children and adolescents make it possible to
determine the correct nutritional status or
detect disorders at an early stage. In pediatric
patients, because the anthropometric measure-
ments described below are dependent on age
and sex, they should be referred to as develop-
mental norms [14]. According to the IDF, it is
important that the patient is assessed according
to local percentile meshes [13]. In Poland, per-
centile meshes proposed by the World Health
Organization are recommended up to the age of
3, whereas for children from 3 to 18 years of age,
national standards drawn up on the basis of the
OLA and OLAF studies are used. Distributions of
anthropometric parameters were prepared for
body height, weight, BMI, WC and HC [14].

In our study, the BMI value in the T1DM
group was 19.2 kg/m?. Published data of other
authors were similar—Maffeis et al. (19.3 kg/
m?), Ab El Dayem et al. (20.1 kg/m?) and Lipsky
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Table 4 Selected elements of nutritional behaviors

T1DM group (z = 85) Control group P value (TIDM vs.
(n = 84) control group)
CSIL (n=59) MDI (n =26) P value
Number of daily meals
1or2 2% (n = 1) - NS 4% (n = 3) -
3 or 4 25% (n=15)  12% (n = 3) 46% (7 = 39)
5 34% (n = 20)  42% (n = 11) 36% (1 = 30)
6 or more 39% (n = 23) 46% (n = 12) 14% (n = 12)
Snacks
Fruit 71% (n = 42)  65% (n=17) NS 57% (n = 48) NS
Vegetables 19% (n = 11) 4% (n = 1) NS 23% (2 = 19) NS
Unsweetened milk drinks ~ 41% (2 = 24)  27% (n = 7) NS 26% (n=22) NS
Sweetened milk drinks 25% (n=15)  27% (n=7) NS 33% (2 =28) NS
Sweet snacks 53% (n = 31)  38% (»=10) NS 52% (n = 44) NS
Salty snacks 32% (n=19 3% (n=9) NS 24% (n =20) NS
Nuts 37% (n=22)  19% (n =5) NS 23% (n=19) NS
Breakfast before school
Never - 7% (n = 2) NS 12% (n = 10)  *
Sometimes 9% (n=11)  12% (n = 3) 19% (z = 16)
Everyday 81% (n = 48)  81% (n = 21) 69% (2 = 58)
Meal at school
Never 7% (n = 4) - ** 6% (n =5) NS
Sometimes 22% (n=13)  23% (n = 6) 15% (n = 13)
Everyday 71% (n = 42) 77% (n = 20) 79% (n = 66)

Differences between groups were evaluated by the chi-square test

CSII continuous subcutaneous insulin infusion, MDI multiple daily injections, 7z number of respondents, NS non-signif-

icant, T1DM diabetes mellitus type 1
*P < 0.05; *P < 0.001

et al. (21.3 kg/mz) [32-34]. In recent years, the
reliability of the BMI indicator in the assess-
ment of nutritional status has been repeatedly
denied. In identifying the risk of developing
metabolic disorders by estimating visceral fat
mass in children and adolescents aged 7—-
17 years using magnetic resonance imaging,
Brambilla et al. proved that WC and WHtR can
be a much more sensitive indicator than BMI

[35]. WHtR is used to assess the distribution of
abdominal fat in people with excessive body
weight [36, 37]. In this study, WHtR was used to
assess the occurrence of abdominal obesity in
children and adolescents with T1DM, which
made it possible to compare the results with the
research of Nawarycz et al.,, who examined >
26,000 healthy children in the £6dZ region,
aged 7-19 years [37]. The authors showed that a
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WHItR value > 0.5 can be used as a simple and
universal criterion for the initial diagnosis of
abdominal obesity among adolescents, in both
boys and girls. In Szadkowska’s study central
obesity was twice as common in children with
diabetes as in the general population [37, 38].
Our research showed that in overweight and
obese children with TIDM WHR was 1.1; WC
and HC were 75.0 and 94.5 cm, respectively. No
differences were found according to WHtR.
Average WHtR and WC in Maffeis’s study were
0.44 and 67.8 cm, respectively [32]. Completely
different results were received as well by Mar-
igliano et al. (0.39 and 57.5 cm) [39]. This is
probably because the authors calculated the
averages for the above-listed parameters for the
whole group, not only for people with excessive
body mass.

In our research the percentage of fat and
muscle mass in the T1DM group was 19.1% and
36.1%, respectively. Similar results were pre-
sented by Maffeis et al. (fat mass: 18.5%) and
with a little divergence by Margaliano et al. (fat
mass: 15.0%), Majewska et al. (24.5 and 45.5%,
respectively) and Lipsky et al. (fat mass: 27.5%)
[24, 32, 34, 39]. In our study, despite similar
median percentages of fat mass between the two
insulin therapies, after subgrouping by gender,
the content was lower in people using CSII, but
not statistically significantly so. However, the
obtained medians are within the normal range.
However, a large spread between the results may
be related to the fact that the CSII group was
characterized by a lower HbAlc, BMI and per-
centage of people with excessive fat mass com-
pared to the MDI. Unfortunately, it was not
possible to compare muscle mass with results
from other authors because of our usage of dis-
similar parameters (muscle mass instead of fat-
free mass). A statistically significant difference
in the percentage of muscle tissue could result
from the fact that in the group of boys we had a
dispersion of results, especially in those with
MDIs. Their higher BMI may confirm that this is
an unreliable indicator for people with higher
muscle mass, possibly related to greater physical
activity. The general conclusion from the com-
parison of this parameter in healthy partici-
pants and with T1DM may indicate that
adolescents more often prefer spending their

time passively than actively. People with T1DM
are often more aware of the impact of physical
activity on health [40].

The nutritional status of most respondents
was normal, however, 13% of the adolescents
with T1DM were overweight. Moreover, 10% of
those using CSII and 30% of MDI had too much
fat mass. Our research showed that BMI, fat
mass and parameters indicating abdominal
obesity positively correlated with
HbA1lc.Assessment of anthropometric parame-
ters among young diabetics should be one of
the standard periodic tests. Methods for assess-
ing nutritional status are safe and non-invasive,
and the results of the study can be used by
physicians in diabetic patients, helping them
monitor the metabolic control of the disease,
which determines the proper somatic develop-
ment of pediatric patients. This is why it is
worth controlling the nutritional status as a
whole, and not just height and weight
separately.

The recommendation about the number of
meals per day for diabetic children is related to
insulin dosage. Therefore, careful meal plan-
ning is most important [40]. The introduction
of validated mobile medical applications for
diabetes care would facilitate appropriate ther-
apeutic decisions and positively impact out-
comes, including HbA1lc levels and
hypoglyemia rates [41]. The diabetics had more
main meals and fewer sweetened snacks per day
compared to healthy children. Nevertheless, the
difference between meals and snacks is difficult
to assess, because the overall food composition
can be similar [42].

There were a few limitations to our study.
First was the small number of participants
because the children with TIDM were from two
voivodeships and randomly included in this
research. Second, the disproportion between
the number of persons in the groups with dif-
ferent types of insulin therapy occurred because
most of the children use CSII rather than pens.
When designing the study we were guided by
the data about the number of pediatric patients
with TIDM (around 22,000) in Poland and
estimates of people using CSII among them
(16,600, which is 75% of this group) [6]. How-
ever, the relationships observed between
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features show a huge potential to develop
studies on a wider scale and on larger groups.
Research will be conducted from this perspec-
tive by our team.

CONCLUSIONS

The majority of the children and adolescents
with type 1 diabetes mellitus and healthy indi-
viduals were well nourished. Additionally, the
study concluded that people using personal
insulin pumps had better nutritional status
than those using insulin pens. It has been
shown that the type of insulin therapy did not

affect eating behaviors, including snack
selection.
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