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Comparative analysis of obesity prevalence, antioxidant and oxidant status

in children with Down syndrome - a sibling-controlled study
Analiza poréwnawcza wystepowania otytosci, statusu antyoksydacyjnego i oksydacyjnego
wsréd dzieci z zespotem Downa - badanie z udziatem rodzenstwa jako grupy kontrolnej
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Abstract

Introduction: Down syndrome (DS), a common genetic disorder, leads to various physical, cognitive, and developmental challenges.
The supplementary copy of chromosome 27 introduces an abundance of genes, which potentially can influence metabolic irregularities.
The aim of the study is to conduct a comprehensive comparative assessment of oxidative stress indicators (TAS, TOS, OSI), BMI, fast-
ing glucose, and insulin levels, HOMA-IR among children and adolescents with DS in contrast to their non-DS siblings.

Material and methods: and the control group (CG) comprised 20 individuals, siblings of SG (mean age 15.92 years). Anthropomet-
ric measurements were conducted. TAS, TOS, fasting glucose, and insulin were assessed. BMI, BMI SDS, OSI and HOMA-IR were
calculated.

Results: SG vs. CG: BMI — overweight (29,19% vs. 15%), obese (19,05% vs. 5%); TAS (1.92 mmol/l vs. 1.79 mmol/l (p = 0.0015)); TOS
(51.52 mmol/l vs. 33.05 mmol/l (p = 0.014)); OSI (2475.02 vs. 1949,75 (p = 0.038)); no significant differences in fasting glucose, in-
sulin and HOMA-IR. Statistically significant correlations in SG: TOS and BMI, BMI SDS, HOMA-IR; OSI and BMI, BMI SDS, HOMA-IR;
HOMA-IR and BMI SDS; fasting insulin and BMI PC; in CG: TAS and BMI; fasting glucose and fasting insulin.

The research results indicate differences in metabolic processes between the group of individuals with DS compared to the CG, de-
spite shared environmental conditions. The presence of an additional copy of chromosome 21 may contribute to the occurrence of
metabolic disorders. These findings emphasize the need for further research that will lead to a better understanding of these relation-

ships and contribute to the development of effective therapeutic strategies.
Key words: Down syndrome, oxidative stress, body mass index, glucose, insulin.

Introduction

Trisomy 21 — Down syndrome (DS), is a genetic disorder
that stems from the presence of all or part of an additional copy
of chromosome 21. Down syndrome represents one of the
most prevalent chromosomal abnormalities, leading to a wide
array of physical, cognitive, and developmental complications.
The observable traits and conditions associated with DS are in-
credibly diverse, ranging from distinct facial features and heart
defects to varying degrees of intellectual disability. Over the
years, a substantial body of research has underscored the in-
tricate link between DS and oxidative stress [1-4]. The supple-
mentary copy of chromosome 21 introduces an abundance of
genes, which potentially can influence metabolic irregularities.
Oxidative stress arises from an imbalance in the body’s cel-
lular environment, characterized by an excess of pro-oxidants
(measured as total oxidant status — TOS) compared to antioxi-
dants (total antioxidant status — TAS). To gain a comprehensive
understanding of oxidative stress, it is crucial to consider the

oxidative stress index (OSI), a measure that represents the bal-
ance between the total antioxidant capacity and total oxidant
status of the body. It is the ratio of TOS to TAS, and it provides
a powerful tool for assessing the overall oxidative stress status.
In individuals with DS, the oxidative stress is postulated to be
elevated due to an effect known as the gene-dosage effect,
triggered by the overexpression of the superoxide dismutase,
a key antioxidant enzyme located on chromosome 21 [5]. In-
creased oxidative stress plays a critical role in the pathophysi-
ology of numerous diseases and can significantly impact the
health and well-being of individuals with DS. Moreover, DS is
also associated with various metabolic changes, particularly
reflected in body mass, as well as alterations in fasting glucose
and insulin levels [6-9]. Body weight is best assessed by the
body mass index (BMI). When it comes to children and adoles-
cents, interpreting BMI goes beyond the conventional metrics
used for adults. It's important to consider that children’s body
composition varies with age and differs between sexes. There-
fore, in pediatric populations, it’s essential to use adjusted
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measurements, such as BMI Standard Deviation Scores (BMI
SDS), to accurately interpret BMI. The metabolic shifts can sig-
nificantly influence the health status of individuals with DS, po-
tentially leading to a spectrum of metabolic disorders. Despite
the wealth of research, understanding these metabolic shifts’
full breadth and the relationship they share with oxidative stress
in DS individuals is still a nascent field. While DS research has
made considerable strides in understanding the disorder’s
physiological implications, there are still gaps. In particular,
there is a dearth of comprehensive, comparative studies on
the profile of oxidative stress, BMI, and metabolic changes be-
tween young people with DS and their non-DS siblings. Sib-
lings without DS provide a unique control group due to their
significant shared genetic and environmental influences with
the DS individuals, offering an opportunity for a more precise
understanding of trisomy 21’s impact on these parameters.

Aim of the study

This study embarks on a thorough comparative analysis of
oxidative stress indicators (TAS, TOS, OSlI), BMI, BMI standard
deviation score (BMI SDS), HOMA-IR and fasting glucose and
insulin levels in children and adolescents with DS, as opposed
to their non-DS siblings. The goal is to uncover a deeper under-
standing of the biological complexities of DS, which may guide
clinical practices and spark novel therapeutic approaches.

Materials and methods

Study design and participants

The participants comprised a study group (SG) of 42 chil-
dren and adolescents with DS (DS) (17 females, with a mean
age of 14.17 +6.66 years old), and a control group (CG) of
20 siblings of the individuals with DS (10 females, with a mean
age of 15.92 +8.58 years old). The study protocol adhered to
the principles of the Declaration of Helsinki, and the Bioeth-
ics Committee of Wroclaw Medical University approved it (KB
674/2020). The inclusion criteria for the SG were patients diag-
nosed with DS (due to genetic test results) while for the CG,
it was being a sibling of an individual SG. There were no spe-
cific exclusion criteria. Written informed consent was obtained
from the parents or legal guardians of all the participants prior
to the data collection and anthropometric measurements. Ad-
ministrative approvals were also secured from each institution
involved to access the necessary participants’ data.

Data collection

Participants were actively recruited from various regions
across Poland. Upon receiving written informed consent from
the parents or guardians, these recruited children and ado-
lescents were invited for an anthropometric examination and
blood collection in a pediatric clinic located in Wroclaw, Poland.

Anthropometric measurements
Anthropometric parameters, specifically body height, and
weight, were collected during these examinations. The mea-

surements were obtained by a team of trained personnel, com-
posed of two doctors (including the authors of this study) and
the pediatric nurse. They followed standardized techniques
to ensure the consistency and reliability of the measurements
[10]. These standardized techniques were reviewed and agreed
upon prior to the initiation of the study. Body weight and height
were recorded using standardized techniques and devices.
Participants were weighed using electronic digital scales (OM-
RON BF-515), with light clothing and barefoot, with measure-
ments to the nearest 0.1 kg. Body height was measured to the
nearest 0.1 cm using a stadiometer (SECA 264). The trained
personnel ensured the correct body posture of the child dur-
ing the measurement: straight back, both feet on the ground,
and the back of the body pressed against the wall. The same
devices were used for all measurements, and conditions were
kept consistent throughout the study. BMI was subsequently
calculated using the traditional formula: weight (kg) divided by
the square of height (m2).

BMI Standard Deviation Score (SDS) calculation

Body mass index was converted into SDS using the LMS-
Growth Calculator [11], a Microsoft Excel add-in. The calcu-
lator applies the LMS method to fit centiles and SDS into the
collected data [12]. The LMSGrowth program uses the British
1990 growth reference charts, which were used as the standard
for this study [13, 14]. For the purposes of this study, the fol-
lowing BMI percentile (BMI PC) ranges were adopted: < 3“PC
(underweight), 39—90" PC (norm), 90-97" PC (overweight), and
> 97" PC (obesity). For the 30% of our participants who were
over the age of eighteen (the oldest had 34 years), their data
were referenced to the maximum age on the percentile grids,
which is 18 years. This adjustment allowed us to include these
individuals in the study while maintaining consistency in the use
of the growth charts.

Homeostasis Model Assessment (HOMA-IR) Index

The HOMA-IR, a method used to quantify insulin resistance
and B-cell function, was calculated from fasting glucose and
insulin concentrations using the following formula:

HOMA-IR = (fasting insulin concentration (ulU/ml) x fast-
ing glucose concentration (mmol/l)) / 22.5.

The denominator “22.5” is a normalizing factor derived
from the product of fasting glucose and insulin concentrations
in healthy individuals. This formula provides an estimate of in-
sulin resistance (HOMA-IR) when the B-cell function is at 100%.
HOMA-IR values above 2.5 indicate insulin resistance. To sys-
tematically present the results, the following classification was
adopted: less than 2.5 is considered a physiologically normal
result, while a result greater than 2.5 is generally seen as ab-
normal.

Laboratory methods

Subsequent to the anthropometric measurements, venous
blood samples were collected from the participants by the
qualified pediatric nurse. These biological samples were then
processed and examined for TAS, TOS, fasting glucose, and
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insulin in the laboratory of Wroclaw Medical University. To as-
sess metabolic control, both fasting glucose and insulin levels
were examined in the study participants. After an overnight fast
of at least 8 hours, blood samples were collected from all par-
ticipants in both groups. The TAS and TOS were expressed as
equivalents of Trolox [mmol/l] [15].

Fasting glucose and insulin

The fasting blood glucose levels were results expressed in
milligrams per deciliter (mg/dl). The normal reference range for
children’s fasting glucose is typically between 70-100 mg/dl
[16]. Fasting insulin levels were determined by a radioimmuno-
assay method. The insulin levels were measured in micro inter-
national units per milliliter (ulU/ml), with normal fasting insulin
levels in children typically falling below 15 plU/ml [17].

Oxidative stress index (OSl) calculation

Oxidative stress index was computed as the ratio of TOS to
TAS. The OSlI formula used for this calculation was: OSI = (TOS
/ TAS) x 100. This calculation was performed for each individ-
ual participant in both groups.

Data analysis

Data analysis was performed utilizing Statistica version 13
software. The normality of the data distribution was assessed

Table I. Group demographic characteristics

using the Shapiro-Wilk test. Subsequent analyses were guid-
ed by the results of this normality test. In instances where the
data followed a normal distribution, the Student’s t-test was
employed. Alternatively, when data exhibited a non-normal
distribution, the Mann-Whitney U test was utilized. To identify
relationships between variables, correlation matrices were cre-
ated. Pearson’s correlation was employed for data with a nor-
mal distribution, whereas Spearman’s correlation was used for
data with a non-normal distribution. The level of statistical sig-
nificance was set at p < 0.05.

Results

The investigation observed significant disparities in vari-
ous health parameters between SG and CG. Primary data en-
compassing the demographic details of the study and control
groups, along with the assessed parameters, are presented in
Table I.

BMI SDS and BMI percentiles

Regarding BMI, the DS group showed a higher average BMI
(22.20 kg/m?) than the CG (20.20 kg/m?). Similarly, the average
BMI Standard Deviation Score (BMI SDS) for the DS group was
0.79, whereas it was —1.19 for the CG. The comparison of the
BMI percentile (BMI PC) was higher for the DS group than in the

Study group (n = 42) Control group (n = 20) p-value
Mean Median  Min. Max. SD Mean Median  Min. Max. SD
AGE 1417 14.5 1.58 26.92 6.58 15.92 15.25 2.33 3417 8.36 X
BMI 22.20 21.70 10.38  43.79 5.89 20.20 20.79 414 30.62 5.36 0.2005
BMI SDS 0.79 1.01 -5.82 3.80 1.63 -1.19 0.23 -34.54 3.05 7.91 0.1264
BMI PC 70.56 84.34 0.00 99.99 31.42 60.97 58.78 0.00 99.89 29.67 0.1282
Fasting glucose 86.62 87.50 69.29 111.26 8.80 86.42 84.49 7328 107.16  8.66 0.9327
[mg/dl]
Fasting insulin ~ 10.63 9.56 2.46 26.52 5.94 11.14 9.24 2.66 28.49 6.82 0.9459
[ulU/ml]
TAS 1.92 1.92 1.52 2.28 0.15 1.79 1.83 1.57 2.02 0.13 0.0015
[mmol/I Trolox]
TOS 51.52 42.85 1313 238.15 37.43 33.05 35.93 10.89 52.19 11.01 0.0147
[mmol/I Trolox]
0OsSl 2680.22 2475.02 719.82 12735.03 195223 1855.67 1949.75 579.09 2870.51 633.08 0.0388
HOMA-IR Index 2.29 2.02 0.19 6.28 1.378 2.45 1.90 0.56 6.83 1.70 0.6930

N — the amount of participants; BMI — body mass index; BMI SDS — body mass index standard deviation score; BMI PC — body mass index
percentiles; TAS — total antioxidative stress; TOS — total oxidative stress; OSI — oxidative stress status
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Table Il. Distribution of participants in the study and control groups across different BMI categories

N < 34REC 3-90" PC 90-97" PC > 97" PC
Underweight Normal weight Overweight Obese
n % n % n % n %
Study group 42 2.00 4.76 21.00 50.00 11.00 26.19 8.00 19.05
Control group 20 1.00 5.00 15.00 75.00 3.00 15.00 1.00 5.00

N —amount of participants; PC — percentiles
CG (70.56 vs. 60.97). We observed no significant differences 2.00 - -
between the two groups when comparing BMI (o = 0.2005), 198 I 4
BMI SDS (p = 0.1264), and BMI PC (p = 0.1282). Further per- -1
centile calculations based on BMI SDS and LMSGrowth (Ta- 1.96 - T
ble Il) for the DS group indicate that while 2 individuals (4,76%) __ 1.94 - .
were underweight (below the 3 percentile), the majority (21 in- i:f 190 | a |
dividuals; 50%) fell within the normal range (3" to 90" percen- =
tile). However, a significant proportion was overweight (11 indi- E 1.90 .
viduals [29,19%] in the 90" to 97" percentile range) and obese £, 188 | ]
(8 individuals [19,05%] exceeding the 97" percentile). When g~ -
the same percentile calculations (Table Il) were applied to the & 1.86 | T
CG, a notably lower prevalence of overweight and obesity was 2 184 | 1 1
found. While one individual (5%) was underweight (below the g
39 percentile), the majority (15 individuals; 75%) fell within the 2 182 T 1
normal range (3 to 90" percentile). Only three individuals = 1380 - .
(15%) were overweight (90" to 97" percentile) and one (5%) 2 | o |
was classified as obese (above 97" percentile). The observed 1.78
trends underline a generally lower prevalence of overweight 176 1
and obesity in the CG compared to the SG. 174 |

Total antioxidant status 1.72 ' :

S . . Study Control

Total antioxidant status presented noticeable differences Group

between the DS group and the control group. The DS group ex- o Mean

hibited a higher TAS median as opposed to the CG (1.92 mmol/l
vs. 1.79 mmol/l; 1.92 mmol/l vs. 1.83 mmol/l) (p = 0.0015)
(Fig. 1). Only in the CG, a positive correlation was found be-
tween BMI and TAS (r = 0.4459), but not in the SG. In Table |,
basic statistics related to TAS are presented.

Total oxidant status

Total oxidant status exhibited a statistically significant differ-
ence between the SG and the CG (p = 0.0147) (Fig. 2). The DS
group had a higher TOS median than the CG (51.52 mmol/I vs.
33.05 mmol/l; 42.85 mmol/l vs. 35.93 mmol/l). In terms of vari-
ability, the DS group displayed a higher standard deviation for
TOS (37.43 mmol/l) compared to the CG (11.01 mmol/l), sug-
gesting greater variation in TOS values among the DS group.
The confidence intervals for the standard deviation in the DS
group (30.73 mmol/l to 47.90 mmol/l) and the CG (8.37 mmol/l
to 16.07 mmol/l) did not overlap, indicating the observed dif-
ference in TOS variability between the groups is statistically

[] Mean + standard error
T Mean + 1.96*standard error

Figure 1. Comparison of TAS in the study and control group

significant. There was a negative correlation between BMI and
TOS (r = -0.3957) in the DS group. In Table | basic statistics
related to TOS are presented.

Oxidative stress index

Oxidative stress index, a measure of the overall oxidative
stress status, demonstrated a statistically significant difference
(o = 0.0388) between the SG and CG (Fig. 3). The median OSI
for the SG was also higher (2475.02) than the CG (1949.75).
The confidence intervals for the standard deviation in the DS
group (1602.81 to 2497) and the CG (481.45 to 924.66) did
not overlap, signifying the observed difference in OSI variability
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Figure 2. Comparison of TOS in the study and control group

between the groups is statistically significant. In Table |, basic
statistics related to OSI are presented. We identified a negative
correlation in the DS group between BMI and OSI (r = —0.3925)
(Table 1I1).

Fasting glucose and insulin

The analysis of fasting glucose levels revealed no statistical-
ly significant difference (p = 0.9327) between the SG and CG
(Fig. 5). In the CG, but not in the SG, there was a negative cor-
relation between BMI and fasting glucose levels (r = -0.4887).

The analysis of fasting insulin levels showed no statistically
significant difference between the SG and CG (p = 0.9459)
(Fig. 5). Additionally, in the DS group, there was a positive cor-
relation between BMI PC and fasting insulin levels (r = 0.3580)
(Table 1l). Only in the CG, we found a positive correlation
between fasting insulin levels and fasting glucose levels
(r = 0.5468). In both, the study and control groups, no statisti-
cally significant correlations were found between fasting glu-
cose and TAS, TOS, OSI; as well as between fasting insulin
and TAS, TOS, OSI. In Table |, basic statistics related to fasting
glucose and insulin are presented.

HOMA-IR

In the SG the mean value of HOMA-IR was 2.29 =1.37. No
statistically significant difference was detected between the
two groups (p = 0.6930). In Table |, basic statistics related to
HOMA-IR are presented. Notably, several statistically signifi-
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Figure 3. Comparison of OSI in the study and control group

cant relationships: positive between HOMA-IR and BMI SDS
(r = 0.4348), HOMA-IR and BMI PC (r = 0.4369), and nega-
tive HOMA-IR and TOS (r = —0.4605), OSI (r = -0.3692) (Table
). In the CG, a positive statistically significant correlation was
found between HOMA-IR and insulin, which is expected given
that the HOMA-IR is calculated based on fasting insulin and
glucose.

Discussion

Considering the link between obesity and metabolic disor-
ders like insulin resistance, type 2 diabetes, and heart diseas-
es, especially in those with DS, is crucial. Their higher obesity
rates call for strategies to prevent excessive weight gain. This
includes lifestyle changes like a balanced diet, regular exercise,
and weight management. Early obesity detection can prevent
severe metabolic issues. Given the DS group’s unique meta-
bolic traits, personalized obesity management is essential, as
a generic approach might not meet their specific needs. In
terms of BMI, despite the DS group showing higher mean BMI,
BMI SDS and BMI PC values than their siblings in the CG, these
differences did not reach statistical significance. This might
suggest that environmental factors, shared by siblings, such as
diet and activity level, play a considerable role in determining
BMI, regardless of the presence of DS. However, when analys-
ing the distribution of individuals within specific BMI catego-
ries, a distinct trend emerged. The DS group had a noticeably
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Figure 4. Comparison of fasting glucose in the study
and control group

higher proportion of individuals categorized as overweight and
obese, based on BMI SDS and BMI PC. Approximately half of
the individuals in the DS group were within the normal range,
but a significant proportion was overweight and obese. This is
concerning and indicates an increased risk of weight-related
health issues. Conversely, in the CG, composed of the siblings
of the DS group, there was a considerably lower prevalence of
overweight and obesity. This sharp contrast underlines the po-
tential impact of DS on weight gain and distribution, beyond the
shared environmental factors within families. The higher preva-
lence of overweight and obesity in the DS group compared to
their siblings could potentially be attributed to various factors,
including genetic predisposition, metabolic variations, differ-
ences in physical activity, or other DS-related health conditions.
This is in line with previous studies showing that individuals
with DS are at a higher risk of being overweight and obese,
potentially due to factors such as hypotonia, reduced physi-
cal activity, and altered metabolism [18, 19]. The redox status,
reflecting the balance between oxidants and antioxidants in the
body, plays a pivotal role in maintaining physiological homeo-
stasis. Our exploration of TAS, TOS and OSlI revealed signifi-
cant variations between the DS group and the CG, highlighting
notable differences in their oxidative balance. The DS group
consistently showed higher values across these measures,
suggesting a distinct oxidative profile that might be shaped
by inherent genetic condition. These findings emphasize the
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Figure 5. Comparison of fasting insulin in the study
and control group

importance of monitoring oxidative stress markers in individu-
als with DS, as it could have far-reaching implications for their
health outcomes. Oxidative stress has been implicated in vari-
ous aspects of DS, such as intellectual disability and premature
aging, suggesting the relevance of managing oxidative stress
in this population [20-24]. Despite differing oxidative markers,
the DS group’s fasting glucose and insulin levels didn't signifi-
cantly differ from their non-DS siblings. The degree of insulin
resistance, gauged by HOMA-IR, also did not show a signifi-
cant difference in the DS group, although a higher incidence
of abnormal HOMA-IR was reported. Correlation findings sug-
gest a complex interplay between BMI, oxidative stress, and
metabolic indicators in DS individuals, with a higher BMI po-
tentially associated with a lower oxidative stress state. These
results highlight DS’s complexity, where increased oxidative
stress can coexist with certain preserved metabolic processes
like glucose and insulin homeostasis. Alternatively, the elevated
BMI observed in the DS group could potentially be a conse-
quence of adaptive physiological responses to heightened
oxidative stress. The correlations observed indeed suggest
a complex interplay between BMI, oxidative stress parameters
(TOS and OSlI), and metabolic indicators. While we must be
cautious in drawing causal relationships from correlation data,
the trends offer some interesting avenues for interpretation and
further exploration. The negative correlation between BMI and
oxidative stress parameters in the DS group might suggest that
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oxidative stress parameters decrease as BMI increases. This
could potentially be due to a protective mechanism, wherein
individuals with higher BMI produce more antioxidants to miti-
gate the damaging effects of oxidative stress. Adipose tissue
has been shown to express antioxidant enzymes and may
play a role in modulating oxidative stress [25, 26]. However,
it is also possible that the increased oxidative stress observed
in individuals with DS could stimulate physiological changes
that result in increased BMI. Chronic oxidative stress has been
linked with inflammation and insulin resistance, which can drive
changes in metabolism and energy storage, potentially lead-
ing to increased body weight [27-29]. The positive correlation
between BMI percentile and fasting insulin in the DS group may
imply increasing insulin resistance as BMlI rises. However, in the
CG, a negative correlation between BMI and fasting glucose
was observed, suggesting fasting glucose levels increase as
BMI decreases — a seemingly counterintuitive finding given that
higher BMI often correlates with increased glucose levels due
to insulin resistance. This unexpected result calls for further in-
vestigationThe positive correlation between BMI and TAS in the
CG could potentially suggest that as BMI increases, so does
the antioxidant status. The multifaceted and intricate interplay
between BMI, oxidative stress parameters, and metabolic indi-
cators in individuals with DS uncovered in the study reinforces
the necessity for continued research in this area to elucidate
the mechanisms underlying these correlations. Future studies
could explore these relationships in greater depth, potentially
incorporating longitudinal designs, larger sample sizes, and
more diverse participant groups. The observed positive link be-
tween BMI percentile and fasting insulin in the DS group sug-
gests that higher BMI could increase insulin resistance risk. In
contrast, the CG showed an inverse correlation between BMI
and fasting glucose, and a positive correlation between fast-
ing insulin and glucose, indicating a normal insulin response.
A positive correlation between BMI and TAS may mean that
as BMI increases, antioxidant activity rises potentially to offset
metabolic stress. These interactions underscore the complex
relationship between genetic, environmental, and metabolic
factors in DS and potential risk factors for future health compli-
cations. In the conducted study, BMI had an impact on many
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laboratory parameters. It's important to remember that entire
families should be involved in the problem of controlling exces-
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Limitations and strengths of the study

This study, unique in comparing DS children to their non-DS
siblings, provides broad insights into their health and potential
genetic and environmental influences. It identifies meaningful
correlations that contribute to DS research and future health-
care management, setting the stage for more studies. Limita-
tions include a small sample size potentially affecting results’
power and applicability, possible bias from using non-DS sib-
lings as controls, uncontrolled variables like diet and physical
activity, and lack of established causality from correlations.
Single-point measurements may not reflect long-term health.
However, acknowledging these constraints strengthens the
study’s credibility and guides future research.

Conclusions

Despite similar family environments, DS children and ado-
lescents were more often overweight, suggesting DS’s role in
weight gain. They showed higher oxidative stress values, indi-
cating a distinct redox state, potentially impacting their health.
Even with comparable fasting glucose and insulin levels to
the CG, the DS group showed higher incidences of abnormal
HOMA-IR values, suggesting potential insulin resistance. There
were complex correlations between HOMA-IR, BMI, and oxi-
dative stress, suggesting protective mechanisms or potential
risks in DS. The link between higher BMI and fasting insulin in
DS may indicate a risk of insulin resistance. These findings em-
phasize the need for further research and tailored health strate-
gies for DS individuals.

Acknowledgments

Our greatest thanks go to the children and their families
who participated in this study, the parents’ interest groups and
organizations that assisted in reaching those families.

Damage in the Hippocampal Granule Cells of the Ts65Dn Model
of DS. Antioxidants (Basel) 2022; 11: 2438. doi: 10.3390/antiox
11122438.

5. Halliwell B, Gutteridge JMC. Free Radicals in Biology and Medi-
cine. J Free Radic Biol Med 1985; 1: 331-332.

6. Lazzarino G, Amorini AM, Mangione R, et al. Biochemical Dis-
crimination of the DS-Related Metabolic and Oxidative/Nitrosa-
tive Stress Alterations from the Physiologic Age-Related Changes
through the Targeted Metabolomic Analysis of Serum. Antioxidants
(Basel) 2022; 11: 1208. doi: 10.3390/antiox11061208.

7. Hetman M, Barg E. Pediatric Population with DS: Obesity and
the Risk of Cardiovascular Disease and Their Assessment Using
Omics Techniques-Review. Biomedicines 2022; 10: 3219. doi:
10.3390/biomedicines10123219.

© Copyright by PTEIDD 2023 141



Pediatr Endocrinol Diabetes Metab 2023

Hetman M., Barg E., Placzkowska S.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

. Aslam AA, Baksh RA, Pape SE, et al.; GO-DS21 Consortium. Dia-

betes and Obesity in DS Across the Lifespan: A Retrospective Co-
hort Study Using U.K. Electronic Health Records. Diabetes Care.
2022; 45: 2892-2899. doi: 10.2337/dc22-0482.

. Dierssen M, Fructuoso M, Martinez de Lagran M, et al. DS Is a Met-

abolic Disease: Altered Insulin Signaling Mediates Peripheral and
Brain Dysfunctions. Front Neurosci. 2020; 14: 670. doi: 10.3389/
fnins.2020.00670.

Lohman T, Roche AF, Martorell R. Anthropometric standardization
reference manual. Champaign, IL: Human Kinetics Books; 2008.
Pan H, Cole TJ. LMSgrowth, a Microsoft Excel add-in to access
growth references based on the L method, version 2.69. 2010.
Available from: http: //www.healthforallchildren.com/shop-base/
software/Imsgrowth

Cole TJ. The LMS method for constructing normalized growth stan-
dards. Eur J Clin Nutr 1990; 44: 45-60.

Cole TJ. Growth monitoring with the British 1990 growth reference.
Arch Dis Child. 1997; 76: 47-49. doi: 10.1136/adc.76.1.47.

Box GEPR, Cox DR. An analysis of transformation. J R Stat Soc Se-
ries B (Methodological). 1964; 26: 211-252.

Erel O. A new automated colorimetric method for measuring total
oxidant status. Clin Biochem 2005; 38: 1103-11. DOI: 10.1016/].
clinbiochem.2005.08.008.

The American Diabetes Association. 2. Classification and Diagno-
sis of Diabetes: Standards of Medical Care in Diabetes 2020. Dia-
betes Care. 2020; 43(Supplement 1): S14-S31.

Sperling MA. Pediatric Endocrinology E-Book. Elsevier Health Sci-
ences; 2008.

Bertapelli F, Pitetti K, Agiovlasitis S, Guerra-Junior G. Overweight
and obesity in children and adolescents with DS-prevalence, deter-
minants, consequences, and interventions: A literature review. Res
Dev Disabil 2016; 57: 181-192. doi: 10.1016/j.ridd.2016.06.018.
Stefanowicz-Bielska A, Wierzba J, Stefanowicz J, Chamienia A.
Factors affecting the prevalence of overweight and obesity in chil-
dren with DS. Minerva Pediatr (Torino) 2022; 74: 151-159. doi:
10.23736/52724-5276.20.05694-7.

Campos C, Casado A. Oxidative stress, thyroid dysfunction
& DS. Indian J Med Res 2015; 142: 113-119. doi: 10.4103/0971-
5916.164218.

142

© Copyright by PTEIDD 2023

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Muchova J, Zitfianova |, Durackova Z, et al. Oxidative stress and
DS. Do antioxidants play a role in therapy? Physiol Res 2014; 63:
535-542. doi: 10.33549/physiolres.932722.

Pagano G, Castello G, et al. Oxidative stress and mitochondrial
dysfunction in DS. Adv Exp Med Biol 2012; 724: 291-299. doi:
10.1007/978-1-4614-0653-2_22.

Lott IT, Head E, Doran E, et al. Beta-amyloid, oxidative stress
and DS. Curr Alzheimer Res 2006; 3: 521-528. doi: 10.2174/
156720506779025305.

Zana M, Janka Z, Kalman J, et al. Oxidative stress: a bridge be-
tween Down’s syndrome and Alzheimer’s disease. Neurobiol Ag-
ing. 2007; 28: 648-676. doi: 10.1016/j.neurobiolaging.2006.03.008.
Trayhurn P Wood IS. Adipokines: inflammation and the pleiotro-
pic role of white adipose tissue. Br J Nutr 2004; 92: 347-355. doi:
10.1079/bjn20041213.

Mahjoub S, Masrour-Roudsari J. Role of oxidative stress in patho-
genesis of metabolic syndrome. Caspian J Intern Med 2012; 3:
386-396.

Furukawa S, Fujita T, Shimabukuro M, et al Increased oxidative
stress in obesity and its impact on metabolic syndrome. J Clin In-
vest 2004; 114: 1752-1761. doi: 10.1172/JCI21625.

Evans JL, Goldfine ID, Maddux BA, Grodsky GM. Oxidative stress
and stress-activated signaling pathways: a unifying hypothesis
of type 2 diabetes. Endocr Rev 2002; 23: 599-622. doi: 10.1210/
er.2001-0039.

Rains JL, Jain SK. Oxidative stress, insulin signaling, and diabetes.
Free Radic Biol Med 2011; 50: 567-575. doi: 10.1016/j.freerad-
biomed.2010.12.006.

Straczek K, Horodnicka-Jozwa A, Szmit-Domagalska J, et al. The
influence of maternal nutritional behavior on the nutritional be-
havior of children with excess body weight. Pediatric Endocrinol-
ogy Diabetes and Metabolism 2021; 27: 159-169. doi: 10.5114/
pedm.2021.107721.

Okapiec A, Wotoszyn-Durkiewicz A, Ledwosinski M, et al. Evalu-
ation of parental awareness of children’s obesity-related health
risk in Poland: survey study. Pediatric Endocrinology Diabetes and
Metabolism 2020; 26: 198-204. doi: 10.5114/pedm.2020.101005.



