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Abstract: Background/Objectives: The main objective of this study was to examine the association
between lifestyle patterns (physical activity, screen and sleep time and diet) and abdominal obesity,
and endocrine, metabolic, and immunological biomarkers in adolescents with Down syndrome (DS).
Methods: Eighty-three DS adolescents (38.6% girls), aged 11 to 18 years, from the UP&DOWN study
were included. Cluster analysis was performed by including the compliance of recommendations
of lifestyle variables, such as moderate to vigorous physical activity (MVPA), screen and sleep time
and adherence to the Mediterranean diet (AMD). The waist-to-height ratio was used as an indicator
of abdominal obesity. Haematological, biochemical and inflammatory biomarkers were analysed.
Results: A three-cluster solution was identified: Cluster 1: adolescents with low compliance; Cluster
2: youth with medium compliance; and Cluster 3: adolescents with high compliance. Significant
differences in MVPA (p = 0.000), screen time (p = 0.004), sleep time (p = 0.0001), AMD (p = 0.000) and
abdominal obesity (p = 0.003) were found. Clusters 2 and 3 had lower levels of triglycerides and
LDL-cholesterol than Cluster 1. Cluster 2, in which all adolescents met the MVPA recommendations,
had the lowest levels of galactin 3. Conclusions: Compliance with lifestyle recommendations (PA,
screen and sleep time and AMD) and the absence of abdominal obesity seem to be associated with
better biochemical and inflammatory values.

Keywords: Down syndrome; adolescents; inflammatory biomarkers; lifestyle patterns

1. Introduction

Childhood obesity is one of the main public health problems worldwide [1,2]. Ac-
cording to the World Obesity Federation, in 2020, Spain ranked as the twentieth country in
the world with the highest prevalence of overweight or obese children and adolescents [3].
Several years ago, the International Association for the Scientific Study of Intellectual
Disabilities identified obesity as a priority in individuals with Down syndrome (DS) [4].
In fact, higher levels of fatness are been found in individuals with DS during adolescence
and adulthood, in comparison with the general population [5,6], as well as abdominal
obesity [7].

This outcome is especially relevant since low-grade systemic inflammation seems to
be involved in other health problems that affect this population with higher incidence
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than in the population without disabilities, including cardiovascular diseases, obesity,
diabetes mellitus, Alzheimer’s and immunodeficiency, and even more so, considering that
children and adolescents with DS show more health problems than their peers without
disabilities [8–10].

Moreover, adolescence is usually linked to changes in life habits and the metabolic and
psychological functioning of individuals [11]. Fortunately, physical activity (PA), sedentary
activities, like screen and sleep time, and dietary habits are key and modifiable behaviours
in children and adolescents, and useful in tackling obesity and health issues associated
with fat mass accumulation [12–15].

Low levels of PA and excessive sedentary habits are linked to negative health outcomes
in adolescence [16]. Thus, public health recommendations suggest a minimum of 60 min
of moderate to vigorous PA (MVPA) every day and minimise the time that adolescents
spend being sedentary to improve and maintain a healthy status [16]. There is evidence
indicating that low MVPA is associated with insulin resistance, high levels of blood lipid
concentrations, blood pressure or inflammatory proteins in children and adolescents [13].
On the other hand, excessive time spent in sedentary behaviours is associated with an
increased risk of cardiovascular diseases [17]. However, there is little evidence about
sedentary time and PA levels in adolescents with intellectual disabilities [16]. Some authors
have shown that adolescents with DS are less active than their peers [18,19]. Therefore,
promotion of PA and reduction in excessive weight should be performed, as these factors
can reduce metabolic risk factors in adolescents [17].

The use of electronic devices by children and adolescents for long hours every day
is detrimental to their normal development and causes physical alterations, such as my-
opia [20], and behavioural problems, including self-harm and suicidal behaviours [21],
sleep disorders and even childhood depression, anxiety and memory problems [22]. In
contrast, meeting the screen time recommendations could generate health benefits for
people with disabilities [23]. Sleep duration is another key lifestyle factor for adolescents’
health [24]. Sleep time has been previously associated with the immune profile in adoles-
cents [25]. Indeed, there are several studies about sleep duration and quality in children
and adolescents with DS, since this population is well known to show sleep problems, such
as obstructive sleep apnea or frequent night awakenings, among others [26–28].

Some evidence has shown that the presence of metabolic risk factors and obesity
during childhood and adolescence predict the development of metabolic disorders dur-
ing adulthood [29,30]. It is well known that excessive adipose tissue is a source of an
inflammatory status, by secreting molecules such as leptin, C3 and C4 complement factors,
and cortisol, among others [31,32]. Therefore, with the aim of controlling obesity, keeping
an adequate energy balance, as derived from dietary inputs and PA levels, should be
strongly recommended for children and adolescents [33]. This recommendation is espe-
cially important for DS adolescents since, in previous studies, we have already shown their
peculiar metabolic status regarding their relationship between adiposity and inflammatory
biomarkers [34].

Although the individual effect of these different lifestyle patterns (PA, screen and sleep
time), as well as body composition, on immunological and inflammatory biomarkers, has
already been described in the scientific literature, the combined influence of PA, sedentary
behaviours, sleep time, diet and obesity on several inflammatory biomarkers is still un-
known in adolescents with disabilities, for example, with DS. Therefore, the current study
aimed to examine the association between lifestyle patterns (physical activity, screen and
sleep time and diet) and abdominal obesity, and endocrine, metabolic and immunological
biomarkers in adolescents with DS.
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2. Materials and Methods
2.1. Sample and Study Design

This study was performed under the umbrella of the UP&DOWN study. The
UP&DOWN study is a 2-year follow-up study designed to assess the impact over time
of PA and sedentary behaviours on health indicators, such as physical fitness, metabolic
and cardiovascular disease risk factors, inflammatory biomarkers and mental health, as
well as to identify the psycho-environmental and genetic determinants of PA in a Spanish
sample of adolescents with and without DS. Detailed information about its design has been
published elsewhere [35]. Parents and school supervisors were informed by letter about
the nature and purpose of the study, and written informed consent was obtained from
them. Before starting the UP&DOWN study, we contacted 22 special education schools,
5 associations and 3 foundations. A total of 10 special education schools, 3 associations and
2 foundations for people with intellectual disabilities in the communities of Madrid and
Toledo (Spain) agreed to participate. Recruiting a total of 109 volunteers with DS between
11 and 20 years old. Taking into account that our aim in this substudy was to cover as many
adolescents with DS as possible, all participants aged 11 to 18 years with available blood
samples and the rest of the variables analysed were included. A total of 83 adolescents
with DS and complete data were included in the cluster analysis and 74 in the biomarker
analysis. For the present cross-sectional study, baseline data collected between September
2011 and June 2012 in Madrid and Toledo (Spain) were included. The study protocols were
approved by the Ethics Committee of Puerta de Hierro Hospital (Madrid, Spain) and the
Bioethics Committee of the Spanish National Research Council (Madrid, Spain). This study
was performed following the ethical guidelines of the Declaration of Helsinki 1964 (as
revised in 2000).

2.2. Lifestyles Variables
2.2.1. Physical Activity

PA was measured by the ActiGraph accelerometer models GT1M, GT3X and GT3X+
(ActigraphTM, LLC., Fort Walton Beach, FL, USA). Adolescents wore the accelerometer
against the lower back for seven consecutive days using an elastic waistband. MVPA
was calculated according to HELENA cut-offs, which were used in previous studies with
European children and adolescents [36], and two groups of MVPA were created: compliance
with MVPA recommendations if the mean of this activity was ≥60 min per day and non-
compliance if the mean was <60 min per day [16].

Screen and sleep time were collected by an ad hoc questionnaire of the UP&DOWN
study; this questionnaire was completed by the families with DS adolescents.

2.2.2. Screen Time

The questionnaire included questions about screen time use (viewing TV or video
and playing games on a console or a computer). The answers were summarised in the
variable screen time (screen hours during weekdays × 5 + screen hours during weekend
days × 2)/7. The subjects were also classified into two groups: adequate screen time when
it was lower than 120 min (2 h) per day and non-adequate screen time when this time was
≥120 min per day [37].

2.2.3. Sleep Time

The questionnaire included questions about the time to go to bed and stand up during
weekdays and weekend days. The variables sleep hours on weekdays and weekend days
were created and combined to determine the average of sleep hours (sleep hours during
weekdays × 5 + sleep hours during weekend days × 2)/7. Adolescents were classified into
two groups depending on the mean of sleep hours per day: adequate sleep time if they
slept between 8 and 10 h per day [38] and non-adequate sleep time if they slept less than
8 h or more than 10 h per day.
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2.2.4. Adherence to the Mediterranean Diet

The KIDMED test was included in the previously mentioned questionnaire. This test
evaluates adherence to the Mediterranean diet (AMD) in the following categories: (1) slow
adherence (≥3 points), (2) need to improve the adherence (4–7 points) and (3) optimal
adherence to MD (≥8 points) [39]. For this cross-sectional study of adolescents in particular,
this variable was dichotomised like the rest of the variables included, classifying into good
adherence (≥8 points), as the KIDMED classification considers optimal adherence or poor
adherence (<8 points), including slow adherence or need to improve adherence according
to the KIDMED classification.

2.2.5. Abdominal Obesity

Height was measured by using a telescopic height-measuring instrument (model
SECA 220; Hamburg, Germany), waist circumference was measured with a non-elastic
tape (SECA 200; SECA, Hamburg, Germany) at the level of the narrowest part of the torso.
Waist-to-height ratio (WtHR) was calculated as waist circumference/height and was used
as an indicator of abdominal obesity. Adolescents were classified as presenting abdominal
obesity when WtHR ≥ 0.50 in girls and WtHR ≥ 0.51 in boys [40].

2.3. Haematological, Biochemical and Inflammatory Biomarkers

Fasting blood samples were collected early in the morning. In all cases, blood was ex-
tracted from the cubital vein according to the established protocol [35]. Fourteen haematologi-
cal variables were analysed for this study: red blood cells × 106 mm3, haematocrit %, mean cor-
puscular volume (MCV) fL, Red Cell Blood Distribution Width (RDW) %, haemoglobin g/dL,
mean corpuscular haemoglobin (HCM) pg, cellular haemoglobin concentration mean (CHCM)
g/dL, leukocytes × 103/mm3, lymphocytes × 103/mm3, neutrophils × 103/mm3, mono-
cytes × 103/mm3, basophils × 103/mm3, eosinophils × 103/mm3 and platelets × 103/mm3.
Five biochemical variables were analysed: glucose mg/dL, triglycerides mg/dL, total
cholesterol mg/dL, HDL-cholesterol mg/dL and LDL-cholesterol mg/dL. And also, eleven
key biomarkers involved in the inflammatory process were analysed for this study: C-
reactive protein (CRP) mg/L, as well as C3 mg/dL and C4 mg/dL, complement factors by
turbidimetry (AU2700 Olympus analyser; Olympus UK Ltd., Watford, UK); IL-6 pg/mL,
adiponectin × 106 pg/mL and leptin pg/mL by immunoassay (xMAP Technology) using a
kit (5 + 1) plex, as stated in the article by Gutierrez-Hervas et al. [34]; galactin-3 pg/mL by
enzyme-linked immunosorbent assay (Omnikine TM Human Galectin-3 ELISA kit; Assay
Biotech, Sunnyvale, CA, USA); and cortisol pg/mL by enzyme-linked immunosorbent
assay (Arbor Assays kit, Ann Arbor, MI, USA).

2.4. Statistical Analyses

The analyses were performed using the IBM SPSS Statistics, v. 29.0 program and the
level of significance was set at p < 0.05. Study sample characteristics are presented as mean
(SD), frequencies and percentages of recommendations’ compliance. The normality of the
variables was checked by the Kolmogorov–Smirnov test. Differences between genders
were analysed by t test.

To identify subpopulations with similar health-related lifestyle factors including body
composition a K-means cluster analysis was used. Only adolescents with DS who had
complete data (without missing) for all the lifestyle and abdominal obesity variables in-
cluded in the cluster analysis (MVPA, screen and sleep time, AMD and abdominal obesity)
were considered (n = 83). All these variables were dichotomised in yes/no compliance
with health recommendations for children and youth, to standardise the data set before
clustering. When adolescents complied with the recommendations established for each
of these variables, they were assigned as 1 and when they did not comply with them,
either by excess or default, depending on the variable, they were assigned as 0. There-
fore, “1” corresponds to a healthy lifestyle where the recommendations for MVPA, screen
time, sleep time and AMD for this population group were met. In the case of abdominal
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obesity, “1” corresponds to the absence of abdominal obesity (WtHR < 0.50 in girls and
WtHR < 0.51 in boys). In the first step, different possible cluster solutions were identified
and compared to provide information necessary for the following procedure. Based on
the health-related lifestyle factors plus abdominal obesity, information patterns (clusters
solution) were identified.

The selected cluster solution resulted in three groups: Cluster 1 = 32, Cluster 2 = 10
and Cluster 3 = 41 adolescents.

Values of the haematology, biochemical and inflammatory variables under study (red
blood cells, haematocrit, MCV, RDW, haemoglobin, CHM, CHCM, leucocytes, lymphocytes,
neutrophils, monocytes, basophils, eosinophils, platelets, glucose, triglycerides, total choles-
terol, HDL-cholesterol, LDL-cholesterol, CRP, C3, C4, IL-6, leptin, adiponectin, galactin-3
and cortisol) were compared between the three groups by Kruskal–Wallis and two-by-two
differences was carried out using Mann–Whitney tests, both with exact Monte Carlo test,
with a significance level α = 0.05. This analysis was performed as an alternative to the
General Linear Model due to lack of normality because the result indicated that normality
could not be assumed in these variables (in some cases, normality was not found and it
was doubtful in others).

3. Results

A total of 83 adolescents with DS (aged 15.3 ± 2.4) were included in the cluster
analysis, 32 of them girls (38.6%). According to lifestyle variables, the whole of the sam-
ple performed 44.3 ± 21.3 min of MVPA per day and only 15 (18.1%) of them met the
recommendations of a minimum of 60 min/day of MVPA. Screen time was slightly su-
perior to the recommended upper limit; the mean was 130.5 (78.5 SD) minutes per day
and 37 (44.6%) met the recommendation of less than 120 min/day. Regarding sleep time,
more than half of the sample, 51 participants (61.4%), accomplished the recommenda-
tions for this age, sleeping between 8 and 10 h per day, with a mean of 9.8 (0.7 SD)
hours/day. AMD, according to the KIDMED test, was optimum in 43 (51.8%) adoles-
cents, with a mean of 7.8 (1.7 SD) points in the whole sample. Regarding body compo-
sition, 26 (31.3%) of the participants did not show abdominal obesity, as assessed by the
WtHR measurement.

When we tried to group the adolescents according to their lifestyles plus abdominal
obesity, three clusters were statistically generated. Specifically, the clusters were generated
based on compliance with the existing recommendations for the lifestyle variables. Compli-
ance with each recommendation was considered when at least half of the adolescents in
the cluster complied with the recommendations. Cluster 1, with 32 adolescents, grouped
those with generally low compliance with lifestyle recommendations (compliance with
abdominal obesity); Cluster 2, the least frequent, with only 10 adolescents, grouped subjects
with medium compliance (compliance with screen and sleep time and MVPA); and Cluster
3, including 41 adolescents, mainly grouped those with high compliance (compliance with
screen and sleep time, diet and abdominal obesity), as shown in Figure 1 (percentage
of adolescents who accomplish with lifestyle recommendations in each of the clusters)
and Figure 2 (percentage of adolescents with compliance in lifestyle recommendations
by clusters).
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Figure 2. Percentage of adolescents with compliance in lifestyle recommendations by clusters.
Abbreviations: MVPA, moderate-to-vigorous physical activity; AMD, adherence to Mediterranean
diet.

As can be seen in the above figures, there are significant differences between all the
variables studied (lifestyle and abdominal obesity). There are no significant differences by
sex or age among clusters. The values of the lifestyle variables analysed per cluster are
shown in Table 1.

The values of the whole blood variables analysed per cluster are shown in Table 2. No
differences were found between groups regarding the haematological markers analysed.
Concerning the biochemical variables, Clusters 2 and 3 had lower levels of triglycerides
than Cluster 1, and LDL-cholesterol in Cluster 1 was higher than in Cluster 3. When
analysing inflammatory variables, Cluster 2 reached the lowest levels of galactin 3.
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Table 1. Main characteristics of the adolescents with Down syndrome according to clusters’ distribution.

Main Characteristics Cluster 1
n = 32

Cluster 2
n = 10

Cluster 3
n = 41 * p-Value

Sex
Female n (%) 14 (43.8) 4 (40) 14 (34.2) 0.473
Male n (%) 18 (56.2) 6 (60) 27 (65.8)

Mean (SD) Mean (SD) Mean (SD)
Age (years) 14.9 (2.1) 15.4 (2.3) 15.6 (2.7) 0.359
MVPA (minutes/day) 34.0 (16.8) 75.5 (15.3) 44.8 (18.2) 0.000
Screen time (minutes/day) 162.1 (75.5) 112.7 (72.5) 110.2 (75.7) 0.004
Sleep time (hours/day) 10.0 (0.8) 9.2 (0.6) 9.8 (0.5) 0.001
AMD 6.9 (1.6) 6.9 (0.7) 8.8 (1.4) 0.000
Abdominal obesity (WtHR) 0.51 (0.6) 0.51 (0.7) 0.48 (0.4) 0.004

Abbreviations: MVPA, moderate-to-vigorous physical activity; AMD, adherence to Mediterranean diet; WtHR,
waist-to-height ratio. * Significant differences among clusters as assayed by Independent-samples Kruskal–Wallis
Test. Exact p-value of Monte Carlo test. p ≤ 0.05.

Table 2. Blood variables in DS adolescents according to cluster groups.

Blood Variables
Cluster 1 Cluster 2 Cluster 3

* p-Value
n Mean (SD) n Mean (SD) n Mean (SD)

Red blood × 106 cells/mm3 30 4.4 (0.5) 7 4.7 (0.3) 37 4.5 (0.5) 0.349
Haematocrit % 30 42.7 (5.2) 7 45.0 (2.5) 37 43.8 (5.3) 0.330
MCV fL 30 97.2 (4.8) 7 96.0 (3.3) 37 96.7 (4.1) 0.608
RDW % 30 13.8 (1.5) 7 14.3 (1.3) 37 13.7 (1.1) 0.556
Haemoglobin g/dL 30 14.0 (1.7) 7 14.8 (0.9) 37 14.4 (1.844) 0.351
HCM pg 30 31.8 (1.4) 7 31.6 (0.8) 37 31.8 (1.6) 0.912
CHCM g/dL 30 32.7 (1.0) 7 33.0 (1.3) 37 32.9 (1.2) 0.619
Leukocytes × 103 cells/mm3 30 4.9 (1.7) 7 5.3 (2.2) 37 5.4 (1.7) 0.209
Lymphocytes × 103 cells/mm3 30 1.8 (1.4) 7 1.7 (0.5) 37 2.0 (0.7) 0.120
Neutrophils × 103 cells/mm3 30 2.5 (0.9) 7 3.0 (1.8) 37 2.7 (1.2) 0.709
Monocytes × 103 cells/mm3 30 0.4 (0.2) 7 0.4 (0.2) 37 0.4 (0.2) 0.537
Basophils × 103 cells/mm3 30 0.05 (0.05) 7 0.07 (0.05) 37 0.07 (0.05) 0.230
Eosinophils × 103 cells/mm3 30 0.14 (0.14) 7 0.16 (0.16) 37 0.16 (0.17) 0.599
Platelets × 103 cells/mm3 30 246.3 (90.4) 7 226.0 (42.8) 37 260.4 (58.1) 0.305

Glucose mg/dL 30 87.2 (8.2) 8 80.9 (9.3) 38 84.5 (8.4) 0.410
Triglycerides mg/dL 30 77.4 (19.7) a 8 56.0 (12) b 38 70.8 (31.7) b 0.015
Total Chol mg/dL 30 160.2 (26.4) 8 137.7 (19.9) 38 148.9 (26.8) 0.053
HDL-Chol mg/dL 30 44.1 (6.9) 8 43.1 (10.9) 38 44.9 (9.0) 0.837
LDL-Chol mg/dL 30 100.6 (23.3) a 8 83.3 (14.4) a,b 38 89.9 (22.7) b 0.048

CRP mg/L 30 3.62 (9.60) 8 2.99 (4.62) 38 4.16 (9.53) 0.564
C3 mg/dL 30 121.3 (20.4) 8 107.2 (19.0) 38 118.9 (24.4) 0.518
C4 mg/dL 30 30.5 (9.2) 8 27.0 (5.8) 38 28.6 (10.0) 0.395
IL-6 pg/mL 30 38.0 (41.3) 8 28.3 (18.6) 38 38.4 (56.1) 0.719
Leptin × 103 pg/mL 26 11.6 (14.5) 8 5.9 (4) 33 6.4 (6.8) 0.148
Adiponectin × 106 pg/mL 30 10.6 (5.5) 8 12.8 (5.5) 38 12.0 (5.2) 0.335
Galactin 3 × 103 pg/mL 29 2.8 (1.7) a 8 1.2 (758.5) b 36 2.4 (1.5) a 0.010
Cortisol × 105 pg/mL 29 1.6 (0.73) 8 1.5 (0.86) 36 1.9 (0.96) 0.120

Abbreviations: MCV, mean corpuscular volume; RDW, Red Cell Blood Distribution Width; HCM, mean corpuscu-
lar haemoglobin; CHCM, cellular haemoglobin concentration mean; HCL-Chol, HDL-cholesterol; LDL-Chol, LDL-
cholesterol; CRP, C-reactive protein; C3, C3 component factor; C4, C4 component factor. * Significant differences among
clusters as assayed by Independent-samples Kruskal–Wallis Test. Exact p-value of Monte Carlo test. p ≤ 0.05. Different
letters (a,b) indicate significant differences between cluster pairs Mann–Whitney test. p ≤ 0.05.

4. Discussion

This study provides original and useful information about the relationship between
lifestyle behaviours, abdominal obesity and metabolic and inflammatory status in healthy
adolescents with DS. Our results show that compliance with lifestyle recommendations (PA,
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screen and sleep time and AMD) and the absence of abdominal obesity are associated, to
some extent, with lower levels of biochemical and inflammatory markers in DS adolescents.

In the current study, less than 20% of the sample accomplished the recommendation
of 60 min/day of MVPA; meanwhile, other authors have estimated compliance of 35% in
adolescents with DS [41] and 44% in youth without DS from 12 different countries around
the world [42].

On the other hand, within sedentary behaviours, screen time takes on special im-
portance because it has been observed that it contributes to the appearance of adverse
psychological effects in children and adolescents [43]. In our study, screen time was slightly
superior to recommendations in the whole sample, and almost half of the sample complied
with the recommendation of less than 2 h per day. Our results are similar to those in other
studies performed with DS youth [41]. However, the literature on adults with intellectual
disabilities has shown that more than 50% of participants spend four or more hours watch-
ing TV or electronic devices [44,45]. Similarly, children and adolescents without DS also
report more screen time than recommended around the world [42]. In this sense, there is
evidence that an excess of screen time contributes to attention and memory problems dur-
ing childhood and adolescence [22,43] and DS people have well-known memory problems
due to their disability [46].

Another key lifestyle variable was sleep, due to the multiple sleep problems that the DS
population suffers during childhood and youth [28] and adulthood [47]. This population
used to have sleep problems, such as obstructive sleep apnea, sleep onset difficulties,
frequent night awakenings and premature awakening [48,49]. Apnea contributes to a
worsening of cognitive function [50] and also can have harmful psychological and physical
effects in this population [51]. Furthermore, children with DS frequently experience poor,
shorter and disrupted sleep [47] and also may have changes in sleep architecture that affect
learning, mood and behaviour [28]. In our results, we have only analysed the hours of sleep
per day, and more than half of the sample comply with the recommendations for this age,
sleeping more than 8 h per day. Other authors have found a similar sleep time duration to
our study, also reported by parents, and have associated the duration and quality of sleep
with cognitive problems [27,52]. These authors have tried to understand the relationship
between sleep problems and executive functioning in children with DS, which, in turn,
have consequences on school behaviour and academic performance [52].

With respect to diet, there is extensive literature about the Mediterranean diet be-
cause of its association with health and the prevention and treatment of several patholo-
gies [53–57]. Regarding the AMD in the current study, as assessed by the KIDMED test, it
was optimum in half of our DS population. Youth with DS usually consume a high amount
of simple carbohydrates, with a low intake of fruits and vegetables, due to the preference
for easy-to-swallow foods [58]. Moreover, this population usually has an aversion to cer-
tain foods, maybe related to altered perceptions of their consistency, taste, temperature or
smell [59]. Our results are significantly higher than those from another study of Italian DS
adolescents where the optimal AMD did not reach a quarter of the sample [60]. However, in
the population without DS, the AMD in paediatric subjects is generally declining, although
varying greatly depending on the country [61]. Spanish children and adolescents without
DS usually have a higher AMD than youth from other Mediterranean countries [60,62],
and a positive correlation between AMD and health-related quality of life in youth has
been observed [63].

During growth and adulthood, DS has been shown to reveal an anthropometric
dimorphism associated with trisomy 21, which increases their risk of obesity and abdominal
obesity [6,64]. On the other hand, in recent years, obesity has been linked to the shortening
of telomeres, which are related to the ageing process, and also in the DS population [65].
According to similar studies, youth with DS show higher rates of overweight and obesity
and higher levels of adiposity than their peers without DS [6,66] as well as in adults with
DS [64,67]. In the current study, almost 70% of our sample showed abdominal obesity,
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which may influence their metabolic and inflammatory status. Other authors have reported
21% of abdominal obesity in their Spanish peers without DS [68].

According to PA, studies on DS youth have shown that subjects with lower levels
of PA are at higher risk of pathological levels of HDL-cholesterol [60]. In a previous
European study assessing youth without DS, we found healthier HDL-cholesterol values
together with better glucose metabolism, measured by the HOMA index (homeostatic
model assessment) in subjects who practised more PA [69]. Regarding sedentary time, it
is also well known that spending excessive and prolonged time in sedentary behaviours,
such as screen time, can lead to insulin resistance, vascular dysfunction and increased body
fat and blood lipid concentrations in children [70]. In addition, there is also evidence that
limited screen time, usually paired with better compliance with MVPA recommendations,
has mental health benefits among youth [71].

On the other hand, diet is one of the factors contributing to a higher incidence of
overweight and obesity in people with intellectual disabilities, in general, and particularly
in DS, including low frequent consumption of healthy foods and poor eating habits [72].
Similarly, in the population with DS, unfavourable diets, such as low AMD, and low PA
levels have been seen to be related to obesity [60,64]. For the general population, there
is also a relationship between poor diet, low levels of PA and obesity prevalence [73]. In
the sample of the current study, the adolescents who showed a high prevalence of ab-
dominal obesity (60%) but met the MVPA recommendations (Cluster 2) reached similar
metabolic values than adolescents from Cluster 3, who had a lower prevalence of abdom-
inal obesity (15%), complying with good AMD, but not with MVPA recommendations.
This could be due to the anti-inflammatory effect of MVPA, which is useful to limit the
negative effects of obesity on youth [74]. It is therefore important to take into account
all lifestyles in the health monitoring of these adolescents because of a possible synergy
between them.

In regard to immunoregulatory variables, adolescents in Cluster 2, whose subjects
performed more MVPA than the others, had lower levels of galactin 3 and a trend towards
lower values of other inflammatory molecules. A better state of inflammation markers
(cortisol, leptin and C3 and C4 complement factors) was also observed in European youth
from different countries who spent more time in MVPA [69]. Other authors have also
observed that PA was inversely associated and sedentary time directly associated with
circulating levels of CRP [75], leptin, IL-6 and tumour necrosis factor-α (TNF-α) among
children without disabilities [76]. We agree with other authors who conclude that exercise
(MVPA) is effective as an anti-inflammatory and is useful in limiting the negative effects
of obesity on youth. So, it should be considered a key healthy lifestyle factor [74], even in
children with systemic inflammatory or autoimmune diseases and other chronic patholo-
gies [77]. Moreover, other research has shown that children and adolescents who spend
excessive time in sedentary behaviours, such as screen time, can increase inflammation
biomarkers, such as CRP [75], IL-6 and TNF-α [70]. In addition, sleep quality and sleep time
during adolescence are inversely associated with CRP levels and a healthier immune profile
in children and adolescents without DS [25,78]. In the current study, results emphasise the
importance of analysing these lifestyle habit patterns together with body composition in
relation to metabolic and inflammatory health in DS adolescents.

The main limitation of the current study is that the sample could not be adjusted by
pubertal development because of complications found in the self-reported data collection
in the DS group. Another limitation is the cross-sectional design, which does not allow
us to draw any conclusions about the causal direction of the associations. In our view,
there is a need to explore these causal associations between lifestyle adherence and health
biomarkers in future longitudinal studies. However, as a strength, the relatively large
sample of children and adolescents with DS and a large number of biochemical biomarkers
analysed should be highlighted, as well as the fact that all the relevant lifestyle variables
have been assessed.



Nutrients 2024, 16, 3884 10 of 14

5. Conclusions

A combined effect is observed between compliance to lifestyle recommendations
(PA, screen and sleep time and AMD) and the absence of abdominal obesity seems to
be associated with better biochemical and inflammatory values, which could have an
impact on the health status of adolescents with DS in the future, since they usually suffer
from several pathologies associated with their genetic condition, as their characteristics
may influence their basic skills and abilities. Even if at these early life stages not many
associations were found between compliance with lifestyle patterns, abdominal obesity
and the metabolic status markers analysed, some evidence seems to indicate the bene-
ficial effect of MVPA on inflammatory biomarkers. In future studies, it would be inter-
esting to analyse socioeconomic status, family lifestyle or psychological well-being, as
they may influence the lifestyle of these adolescents and therefore their metabolic and
inflammatory status.
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32. Podraza, J.; Gutowska, K.; Lenartowicz, A.; Wąsowski, M.; Jonas, M.I.; Bartoszewicz, Z.; Lisik, W.; Jonas, M.; Binda, A.; Jaworski,
P.; et al. The Role of microRNA in the Regulation of Cortisol Metabolism in the Adipose Tissue in the Course of Obesity. Int. J.
Mol. Sci. 2024, 7, 5058. [CrossRef]

33. Koester-Weber, T.; Valtueña, J.; Breidenassel, C.; Beghin, L.; Plada, M.; Moreno, S.; Huybrechts, I.; Palacios, G.; Gómez-Martínez,
S.; Albers, U.; et al. Reference values for leptin, cortisol, insulin and glucose, among European adolescents and their association
with adiposity: The HELENA study. Nutr. Hosp. 2014, 30, 1181–1190.

34. Gutierrez-Hervas, A.; Gómez-Martínez, S.; Izquierdo-Gómez, R.; Veiga, O.L.; Perez-Bey, A.; Castro-Piñero, J.; Marcos, A.
Inflammation and fatness in adolescents with and without Down syndrome: UP & DOWN study. J. Intellect. Disabil. Res. 2020, 64,
170–179. [PubMed]

35. Castro-Piñero, J.; Carbonell-Baeza, A.; Martinez-Gomez, A.; Gómez-Martinez, S.; Cabanas-Sánchez, V.; Santiago, C.; Veses, A.M.;
Bandrés, F.; Gonzalez-Galo, A.; Gomez-Gallego, F.; et al. Follow-up in healthy schoolchildren and in adolescents with Down
syndrome: Psycho-environmental and genetic determinants of physical activity and its impact on fitness, cardiovascular diseases,
inflammatory biomarkers and mental health; The UP&DOWN Study. BMC Public Health. 2014, 14, 400.

36. Martinez-Gomez, D.; Ruiz, J.R.; Ortega, F.B.; Veiga, O.L.; Moliner-Urdiales, D.; Mauro, B.; Galfo, M.; Manios, Y.; Widhalm, K.;
Béghin, L.; et al. Recommended levels of physical activity to avoid an excess of body fat in European adolescents: The HELENA
Study. Am. J. Prev. Med. 2010, 39, 203–211. [CrossRef] [PubMed]

37. Council on Communications and Media. Children, adolescents, and the media. Pediatrics 2013, 132, 958–961. [CrossRef]
38. Paruthi, S.; Brooks, L.J.; D’Ambrosio, C.; Hall, W.A.; Kotagal, S.; Lloyd, R.M.; Malow, B.A.; Maski, K.; Nichols, C.; Quan, S.F.; et al.

Recommended amount of sleep for pediatric populations: A Consensus Statement of the American Academy of Sleep Medicine.
J. Clin. Sleep. Med. 2016, 12, 785–786. [CrossRef]

39. Serra-Majem, L.; Ribas, L.; Ngo, J.; Ortega, R.M.; Garcıa, A.; Perez-Rodrigo, C.; Aranceta, J. Food, youth and the Mediterranean
diet in Spain. Development of KIDMED, Mediterranean Diet Quality Index in children and adolescents. Public Health Nutr. 2004,
7, 931–935. [CrossRef]

40. Marrodán, M.D.; Martínez-Álvarez, J.R.; González-Montero, M.; López-Ejeda, N.; Cabañas, M.D.; Prado, C. Diagnostic accuracy
of waist to height ratio in screening of overweight and infant obesity. Med. Clin. 2013, 140, 296–301. [CrossRef]

41. Amatori, S.; Sisti, D.; Perroni, F.; Brandi, G.; Rocchi, M.B.L.; Gobbi, E. Physical activity, sedentary behaviour and screen time
among youths with Down syndrome during the COVID-19 pandemic. J. Intellect. Disabil. Res. 2022, 66, 903–912. [CrossRef]

42. Roman-Viñas, B.; Chaput, J.P.; Katzmarzyk, P.T.; Fogelholm, M.; Lambert, E.V.; Maher, C.; Maia, J.; Olds, T.; Onywera, V.;
Sarmiento, O.L.; et al. Proportion of children meeting recommendations for 24-hour movement guidelines and associations with
adiposity in a 12-country study. Int. J. Behav. Nutr. Phys. Act. 2016, 13, 123. [CrossRef]

43. Santos, R.M.S.; Mendes, C.G.; Marques Miranda, D.; Romano-Silva, M.A. The association between screen time and attention in
children: A Systematic Review. Dev. Neuropsychol. 2022, 47, 175–192. [CrossRef]

44. Melville, C.A.; Oppewal, A.; Schafer Elinder, L.; Freiberger, E.; Guerra-Balic, M.; Hilgenkamp, T.I.M. Definitions, measurement
and prevalence of sedentary behaviour in adults with intellectual disabilities: A systematic review. Prev. Med. 2017, 97, 62–71.
[CrossRef] [PubMed]

45. Melville, C.A.; McGarty, A.; Harris, L.; Hughes-McCormack, L.; Baltzer, M.; McArthur, L.A. A population based, cross-sectional
study of the prevalence and correlates of sedentary behaviour of adults with intellectual disabilities. J. Intellect. Disabil. Res. 2018,
62, 60–71. [CrossRef] [PubMed]

46. Brock, J.; Jarrold, C. Serial order reconstruction in Down syndrome: Evidence for a selective deficit in verbal short-term memory.
J. Child. Psychol. Psychiatry 2005, 46, 304–316. [CrossRef] [PubMed]

47. Esbensen, A.J.; Schwichtenberg, A. Sleep in neurodevelopmental disorders. Int. Rev. Res. Dev. Disabil. 2016, 51, 153–191.
48. Wijayaratne, P.R.; Williams, K.; Davey, M.J.; Horne, R.S.C.; Nixon, G.M. Prediction of obstructive sleep apnoea in children and

adolescents with Down syndrome. J. Intellect. Disabil. Res. 2023, 67, 880–892. [CrossRef]
49. Maris, M.; Verhulst, S.; Wojciechowski, M.; Van de Heyning, P.; Boudewyns, A. Sleep problems and obstructive sleep apnea in

children with down syndrome, an overwiew. Int. J. Pediatr. Otorhinolaryngol. 2016, 82, 12–15. [CrossRef]
50. Santos, R.A.; Costa, L.H.; Linhares, R.C.; Pradella-Hallinan, M.; Coelho, F.M.S.; Oliveira, G.D.P. Sleep disorders in Down

syndrome: A systematic review. Arq. Neuropsiquiatr. 2022, 80, 424–443. [CrossRef] [PubMed]
51. Stores, R.J. Sleep problems in adults with Down syndrome and their family carriers. J. Appl. Res. Intellect. Disabil. 2019, 32,

831–840. [CrossRef]

https://doi.org/10.1007/s13679-024-00589-6
https://doi.org/10.3390/jcm13175221
https://www.ncbi.nlm.nih.gov/pubmed/39274434
https://doi.org/10.3390/ijms251910634
https://www.ncbi.nlm.nih.gov/pubmed/39408963
https://doi.org/10.3390/ijms25105058
https://www.ncbi.nlm.nih.gov/pubmed/31858639
https://doi.org/10.1016/j.amepre.2010.05.003
https://www.ncbi.nlm.nih.gov/pubmed/20709251
https://doi.org/10.1542/peds.2013-2656
https://doi.org/10.5664/jcsm.5866
https://doi.org/10.1079/PHN2004556
https://doi.org/10.1016/j.medcli.2012.01.032
https://doi.org/10.1111/jir.12933
https://doi.org/10.1186/s12966-016-0449-8
https://doi.org/10.1080/87565641.2022.2064863
https://doi.org/10.1016/j.ypmed.2016.12.052
https://www.ncbi.nlm.nih.gov/pubmed/28057512
https://doi.org/10.1111/jir.12454
https://www.ncbi.nlm.nih.gov/pubmed/29214701
https://doi.org/10.1111/j.1469-7610.2004.00352.x
https://www.ncbi.nlm.nih.gov/pubmed/15755306
https://doi.org/10.1111/jir.13065
https://doi.org/10.1016/j.ijporl.2015.12.014
https://doi.org/10.1590/0004-282x-anp-2021-0242
https://www.ncbi.nlm.nih.gov/pubmed/35293557
https://doi.org/10.1111/jar.12572


Nutrients 2024, 16, 3884 13 of 14

52. Esbensen, A.J.; Hoffman, E.K. Impact of sleep on executive functioning in school-age children with Down syndrome. J. Intellect.
Disabil. Res. 2018, 62, 569–580. [CrossRef]

53. Bai, X.; Li, X.; Ding, S.; Dai, D. Adherence to the Mediterranean diet and risk of gastric cancer: A systematic review and
meta-analysis. Nutrients 2023, 1, 3826. [CrossRef]

54. López-Gil, J.F.; García-Hermoso, A.; Martínez-González, M.Á.; Rodríguez-Artalejo, F. Mediterranean diet and cardiometabolic
biomarkers in children and adolescents: A systematic review and meta-analysis. JAMA Netw. Open. 2024, 1, e2421976. [CrossRef]
[PubMed]

55. Dominguez, L.J.; Di Bella, G.; Veronese, N.; Barbagallo, M. Impact of Mediterranean diet on chronic non-communicable diseases
and longevity. Nutrients 2021, 12, 2028. [CrossRef] [PubMed]

56. Mazza, E.; Ferro, Y.; Pujia, R.; Mare, R.; Maurotti, S.; Montalcini, T.; Pujia, A. Mediterranean diet in healthy aging. J. Nutr. Health
Aging 2021, 25, 1076–1083. [CrossRef] [PubMed]

57. Siervo, M.; Shannon, O.M.; Llewellyn, D.J.; Stephan, B.C.; Fontana, L. Mediterranean diet and cognitive function: From
methodology to mechanisms of action. Free Radic. Biol. Med. 2021, 20, 105–117. [CrossRef] [PubMed]

58. AbdAllah, A.M.; Sarah, R.; Alaidaroos, T.; Obaid, R.; Abuznada, J. Nutritional status of some children and adolescents with down
syndrome in Jeddah. Life Sci. J. 2013, 10, 1310–1318.

59. Frazier, J.B.; Friedman, B. Swallow function in children with down syndrome: A retrospective study. Dev. Med. Child. Neurol.
1996, 38, 695–703. [CrossRef]

60. Pecoraro, L.; Solfa, M.; Ferron, E.; Mirandola, M.; Lauriola, S.; Piacentini, G.; Pietrobelli, A. Mediterranean diet and physical
activity in Down syndrome pediatric subjects: The DONUT STUDY. Int. J. Food Sci. Nutr. 2022, 77, 973–980. [CrossRef]

61. Iaccarino Idelson, P.; Scalfi, L.; Valerio, G. Adherence to the Mediterranean diet in children and adolescents: A systematic review.
Nutr. Metab. Cardiovasc. Dis. 2017, 27, 283–299. [CrossRef]

62. García Cabrera, S.; Herrera Fernández, N.; Rodríguez Hernández, C.; Nissensohn, M.; Román-Viñas, B.; Serra-Majem, L. KIDMED
test; prevalence of low adherence to the Mediterranean diet in children and young: A systematic review. Nutr. Hosp. 2015, 1,
2390–2399.

63. Romero-Robles, M.A.; Cami-Bernal, F.; Ortiz-Benique, Z.N.; Pinto-Ruiz, D.F.; Benites-Zapata, V.A.; Casas Patiño, D. Adherence to
Mediterranean diet associated with health-related quality of life in children and adolescents: A systematic review. BMC Nutr.
2022, 23, 57. [CrossRef]

64. Martínez-Espinosa, R.M.; Molina Vila, M.D.; Reig García-Galbis, M. Evidences from clinical trials in Down syndrome: Diet,
exercise and body composition. Int. J. Environ. Res. Public Health. 2020, 16, 4294. [CrossRef] [PubMed]

65. Franceschi, C.; Garagnani, P.; Gensous, N.; Bacalini, M.G.; Conte, M.; Salvioli, S. Accelerated bio-cognitive aging in Down
syndrome: State of the art and possible deceleration strategies. Aging Cell 2019, 18, e12903. [CrossRef] [PubMed]

66. Basil, J.S.; Santoro, S.L.; Martin, L.J.; Healy, K.W.; Chini, B.A.; Saal, H.M. Retrospective study of obesity in children with down
syndrome. J. Pediatr. 2016, 173, 143–148. [CrossRef] [PubMed]

67. Leti, T.; Guinot, M.; Favre-Juvin, A.; Bricout, V.A. Difference of catecholamine responses to exercise in men with trisomy 21, with
or without chronotropic incompetence. Physiol. Behav. 2015, 142, 97–103. [CrossRef] [PubMed]

68. Schröder, H.; Ribas, L.; Koebnick, C.; Funtikova, A.; Gomez, S.F.; Fíto, M.; Perez-Rodrigo, C.; Serra-Majem, L. Prevalence of
abdominal obesity in Spanish children and adolescents. PLoS ONE 2014, 27, e87549.

69. Agostinis-Sobrinho, C.; Gómez-Martínez, S.; Nova, E.; Hernandez, A.; Labayen, I.; Kafatos, A.; Gottand, F.; Molnár, D.; Ferrari,
M.; Moreno, L.A.; et al. Lifestyle patterns and endocrine, metabolic, and immunological biomarkers in European adolescents:
The HELENA study. Pediatr. Diabetes 2019, 20, 23–31. [CrossRef]

70. Pinto, A.J.; Bergouignan, A.; Dempsey, P.C.; Roschel, H.; Owen, N.; Gualano, B.; Dunstan, D.W. Physiology of sedentary behavior.
Physiol. Rev. 2023, 1, 2561–2622. [CrossRef]

71. Pascoe, M.; Bailey, A.P.; Craike, M.; Carter, T.; Patten, R.; Stepto, N.; Parker, A. Physical activity and exercise in youth mental
health promotion: A scoping review. BMJ Open Sport. Exerc. Med. 2020, 6, e000677. [CrossRef]

72. Cushing, P.; Spear, D.; Novak, P.; Rosenzweig, L.; Wallace, L.S.; Conway, C.; Wittenbrook, W.; Lemons, S.; Medlen, J.G. Academy
of Nutrition and Dietetics: Standards of practice and standards of professional performance for registered dietitians (competent,
proficient, and expert) in intellectual and developmental disabilities. J. Acad. Nutr. Diet. 2012, 112, 1454–1464. [CrossRef]

73. Pereira-Da-Silva, L.; Rego, C.; Pietrobelli, A. The diet of preschool children in the Mediterranean countries of the European Union:
A systematic review. Int. J. Environ. Res. Public Health 2016, 13, 572. [CrossRef]

74. Calcaterra, V.; Vandoni, M.; Rossi, V.; Berardo, C.; Grazi, R.; Cordaro, E.; Tranfaglia, V.; Carnevale Pellino, V.; Cereda, C.; Zuccotti,
G. Use of physical activity and exercise to reduce inflammation in children and adolescents with obesity. Int. J. Environ. Res.
Public Health 2022, 5, 6908. [CrossRef] [PubMed]

75. Ding, Y.; Xu, X. Independent and combined associations of physical activity and screen time with biomarkers of inflammation in
children and adolescents with overweight/obesity. Pediatr. Exerc. Sci. 2024, 23, 1–9. [CrossRef] [PubMed]

76. Haapala, E.A.; Väistö, J.; Ihalainen, J.K.; González, C.T.; Leppänen, M.H.; Veijalainen, A.; Sallinen, T.; Eloranta, A.M.; Ekelund, U.;
Schwab, U.; et al. Associations of physical activity, sedentary time, and diet quality with biomarkers of inflammation in children.
Eur. J. Sport Sci. 2022, 22, 906–915. [CrossRef] [PubMed]

https://doi.org/10.1111/jir.12496
https://doi.org/10.3390/nu15173826
https://doi.org/10.1001/jamanetworkopen.2024.21976
https://www.ncbi.nlm.nih.gov/pubmed/38995643
https://doi.org/10.3390/nu13062028
https://www.ncbi.nlm.nih.gov/pubmed/34204683
https://doi.org/10.1007/s12603-021-1675-6
https://www.ncbi.nlm.nih.gov/pubmed/34725664
https://doi.org/10.1016/j.freeradbiomed.2021.09.018
https://www.ncbi.nlm.nih.gov/pubmed/34562607
https://doi.org/10.1111/j.1469-8749.1996.tb12139.x
https://doi.org/10.1080/09637486.2022.2104227
https://doi.org/10.1016/j.numecd.2017.01.002
https://doi.org/10.1186/s40795-022-00549-0
https://doi.org/10.3390/ijerph17124294
https://www.ncbi.nlm.nih.gov/pubmed/32560141
https://doi.org/10.1111/acel.12903
https://www.ncbi.nlm.nih.gov/pubmed/30768754
https://doi.org/10.1016/j.jpeds.2016.02.046
https://www.ncbi.nlm.nih.gov/pubmed/26987801
https://doi.org/10.1016/j.physbeh.2015.02.007
https://www.ncbi.nlm.nih.gov/pubmed/25660758
https://doi.org/10.1111/pedi.12802
https://doi.org/10.1152/physrev.00022.2022
https://doi.org/10.1136/bmjsem-2019-000677
https://doi.org/10.1016/j.jand.2012.06.365
https://doi.org/10.3390/ijerph13060572
https://doi.org/10.3390/ijerph19116908
https://www.ncbi.nlm.nih.gov/pubmed/35682490
https://doi.org/10.1123/pes.2024-0007
https://www.ncbi.nlm.nih.gov/pubmed/38782367
https://doi.org/10.1080/17461391.2021.1892830
https://www.ncbi.nlm.nih.gov/pubmed/33599556


Nutrients 2024, 16, 3884 14 of 14

77. West, S.L.; Banks, L.; Schneiderman, J.E.; Caterini, J.E.; Stephens, S.; White, G.; Dogra, S.; Wells, G.D. Physical activity for children
with chronic disease: A narrative review and practical applications. BMC Pediatr. 2019, 8, 12. [CrossRef]

78. Medeiros-Oliveira, V.C.; Viana, R.S.; Oliveira, A.C.; Nascimento-Ferreira, M.V.; De Moraes, A.C.F. Are sleep time and quality
associated with inflammation in children and adolescents? A systematic review. Prev. Med. Rep. 2023, 17, 102327. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1186/s12887-018-1377-3
https://doi.org/10.1016/j.pmedr.2023.102327

	Introduction 
	Materials and Methods 
	Sample and Study Design 
	Lifestyles Variables 
	Physical Activity 
	Screen Time 
	Sleep Time 
	Adherence to the Mediterranean Diet 
	Abdominal Obesity 

	Haematological, Biochemical and Inflammatory Biomarkers 
	Statistical Analyses 

	Results 
	Discussion 
	Conclusions 
	References

