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Abstract
Background

Obesity numbers have doubled worldwide since 1980, leading to individual life-quality threatening issues
and a socioeconomic challenge. A number of school programs have been initiated to prevent the
epidemic-like spreading of obesity.

Methods

109 adolescents (42 females and 67 males aged 15.0 + 0.7 years) were included into this six-month
interdisciplinary school-based study. The aim was to assess various implementation outcomes based on
the effect of health education, including the promotion of healthy eating patterns and a limitation of
sugar-containing beverage consumption via the feedback of analysed anthropometric data, biomedical
parameters, physical fitness tests and an eating and physical activity behaviour questionnaire.

Results

Overall, the results demonstrated a positive effect on body fat content and physical activity. In addition, a
trend towards a benefit on parameters of muscle and fat metabolism was detected.

Conclusions

An interdisciplinary life-style program integrated into the school curriculum is suited to have a positive
impact on health outcomes. By enhancing the awareness for healthy nutrition and the importance of
physical activity, self-empowerment was increased, resulting in an improvement of health-associated
parameters.

Background

Due to epidemic-like spreading, childhood obesity has become not only an individual life-quality
threatening issue, but also a socioeconomic challenge (1-4). In adolescents at the age of 19 years, the
cut-off values for overweight are defined as a body mass index (BMI) = 25.0 kg/m? and obesity as an
excess amount of body fat accompanied with a BMI = 30.0 kg/m? in both sexes, which is equivalent to
adults (5, 6). In contrast, the cut-offs for pre-school and school-aged children are age- and sex-related (7,
8). According to the fact sheet on overweight and obesity of the WHO (9), the incidence of obesity has
worldwide more than doubled since 1980. A systematic review of Ng et al.(10) revealed that in 2013, the
prevalence of overweight and obese children and adolescents in developed countries had increased
substantially to 23.8% (22.9-24.7) in boys and 22.6% (21.7-23.6) in girls and that an increase can also
be observed in developing countries.
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Obesity is associated with comorbidities such as metabolic syndrome (11) diabetes mellitus (12),
cardiovascular diseases (13, 14), musculoskeletal disorders and cancer (15). Longitudinal studies have
shown that prenatal and postnatal factors can already be decisive to predict whether a child becomes
obese (16-18). Therefore, information on a balanced diet and physical activity is important and
prevention programs should start as early as possible. As we face large socioeconomic problems caused
by an unhealthy lifestyle, any age class should be considered for prevention and if necessary for
intervention.

To prevent obesity, different programs for pre-school children (19-21), primary school children (22, 20)
and adolescents (23, 22) have been initiated. They differ in study design and the way of intervention. The
IDEFICS-study was a comprehensive study investigating the effect of dietary- and lifestyle-induced health
effects in children and infants in several different countries (24). The participants of this study were at
the age of 2 t0 9.9 years and the recruitment took place at pre-schools and primary schools. The key
messages for intervention were focused on the reduction of soft drinks consumption, the daily intake of
more fruits and vegetables, less media-time and more daily physical activity, increased family time and
an adequate sleep duration.

To increase the outcome and effectiveness of such interventions in terms of public health decision
making regarding health policies, programmes and practices, a framework for the design, execution and
interpretation of health-related research has been initiated. This framework, summarised under the term
implementation research, provides a number of key principles and implementation outcome variables for
the design, execution and analysis of health related research (25).

The present study aimed to assess the feasibility of studying the implementation outcomes of an
interdisciplinary school health project with regards to healthy nutrition and physical activity of
adolescents aged 14 to 17 years. The aims were twofold, first to define the potential and adoption of this
implementation project in schools and second to assess the acceptability, appropriateness and coverage
of the planned intervention via the measurement of anthropometric data, biomedical parameters (26) and
physical fitness parameters (health parameters). Moreover, a psychologically approved questionnaire
about food preferences, physical activity and other individual factors was included. As intervention tool,
hands on workshops increasing the awareness for nutrition and beverages and associated health
parameters were used.

Methods

The study design meets the Helsinki Declaration (World Medical 2013) and was approved by the local
ethics committee of the county of Salzburg, Austria. The participants of the study were informed
collectively about the project and the planned measurements. In addition, they had the possibility for
personal interviews, if there were any additional questions. Only students who provided their informed

consent (by signing the information sheets themselves and by a parent or legal guardian) were included
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in the study. All participants could stop the participation in this study at any given moment without the
need to provide a reason. The different analyses were performed at TO (start of the study), T1
(1 month) and T2 (6 months). Initially, it was thought that certain parameters might change
after weeks, but this was not the case. Therefore, time point T1 was not included in the analysis
presented here, since the time frame of 1 month was too short to determine measurable effects of the
dietary- and lifestyle-program. The students were divided in a group obtaining health-related
information (intervention-group: N=56) and a control-group (N=51). Data were collected in a
pseudo-anonymous manner. The students obtained a code and only the paediatrician knew the key
between the codes and the respective students. In case of abnormal laboratory values, the student and

his/her parents were informed and invited to an additional medical assessment by the paediatrician.

At the end of the school year, the head of the school and the teachers involved (natural sciences and
sports) were asked for permission to perform the study in the following school year. At the beginning of
the next school year, an informative meeting was organized for students and parents and they were
asked to sign the informed consent form for the study. Based on the number of valid informed consent
forms, the school visits of the teams of the different disciplines were planned in close cooperation with
the teachers and administrators of the school. Venipuncture and anthropometric measurements were
always performed during the first lesson and the students were instructed to fasten, i.e. not to eat or drink
anything except water, ten hours before drawing the blood samples. To ensure protocol adherence,
students were asked if they were able to follow the instructions before venipuncture. The time frame to
draw blood and measure the values from 25 to 30 participants was calculated with approximately 30 to
40 min and a healthy breakfast was served right afterwards for all participants. The physical fitness tests
were conducted by sports scientists trained for the Physical Fitness Test battery (PFTB) within the same
week (27). Encoded questionnaires were handed out within the same week and were filled out by the
students during one of their biology courses. The participants were randomized into a control group and
an intervention group. The intervention group had workshops on nutrition, beverages and associated
health parameters including anthropometric data, biomedical parameters, physical fitness parameters as
well as eating behaviour directly after measuring baseline levels (T0) and the control group attended this

workshop after the third measurement (T2). The workshop included theoretical information on various
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types of food and its components, a hands-on workshop to estimate and determine fat, sugar and protein
content of specific foods and beverages and a direct link to the analysis of certain health parameters, e.qg.
glucose. Moreover, a crossword puzzle and a quiz were included to test the acquired knowledge. The
puzzle and the quiz were only performed to manifest the acquired knowledge; however, the analysis was

not included in this study.

The different measurement tools were used at three time points. To exclude changes due to external
influences, the participants were randomly assigned to an intervention or control group matched for age

and gender.

Anthropometric data

Anthropometric measurements for evaluating body mass index (BMI) and waist-to-hip ratio (WHR) were
performed with a medically approved stadiometer (Seca, Seca Austria, Wien, Austria) and reference tape
and a segmental body composition analyser (Tanita BC-418, Tanita Corporation of America, Inc.,

IL; USA) usually used in clinical research. Calculation of the standard deviation score for

BMI (BMI- SDS) was performed via the formula: Z-Score = (BMI/M)--1) / (L * S), whereby the
values L (the power transformation for normalizing the BMI distribution at each sex/age), M (median)
and S (coefficient of variation of BMI) are parameters from the Cole's LMS method and are available on
the CDC website. Z-scores (or standard deviation (SD) scores) are widely used in anthropometry to

quantify a measurement's distance from the mean (28).

Biomedical data

The biomedical data were obtained as described previously (26). In brief, samples for biomedical
analyses were withdrawn using the BD vacutainer® Push Button Blood collection set in combination with
tubes for serum, Ethylendiamintetraacetat- and Li-Heparin-plasma (BD Becton Dickinson Austria GmbH,
Vienna, Austria). The samples were transported and stored according to pre-analytical guidelines and
good laboratory practise. A total of 50 laboratory parameters were measured. Care was taken to comply
with good practice in pre-analytics, analytics and post-analytics. Laboratory parameters were analysed as

previously reported (26).
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Physical fitness test battery

Physical fitness was assessed by a standardized age- and percentile-matched physical fitness test
battery (PFTB) (27). The test includes seven exercises for determining motor skills, strength, endurance

and coordination. A detailed test description can be found in Table 1.

Table 1: Physical fitness test battery description.

EXCERCISE EVALUATION
MOTOR SKILLS | 20-meter run (20MR) Amount of time needed in seconds (2 runs are performed, faster run
counts)
STRENGHT Pull-ups (PU) Number of pull-ups in 15 seconds
Standing long jump (SLJ) Distance in cm (best out of 3 jumps counts)
Standing high jump (SHJ) Difference between jumping height and maximal reaching height in cm
ENDURANCE 6-minute run (6MR) Distance in meter in 6 minutes
COORDINATION | Lateral back- and forth jumping [ Number of jumps in 2 x 15 seconds (sum of both runs)
(LBRJ)
Obstacles boomerang run (OBR) Amount of time needed in seconds (2 runs are performed, faster run
counts)

The percentile rank for the 20MR, SLJ, LBFJ and 6MR tests were calculated from the raw data using the
normalised values of the German motor function tests (29). The percentile ranks for SHJ were calculated
using the ‘Munich Fitness Tests (30). Raw data was used for PU and OBR, since no normalised values are

available for the age group tested.

AD-EVA Questionnaire

AD-EVA is an interdisciplinary test system for the diagnosis and evaluation of obesity and other diseases
that can be influenced by eating and movement life-style changes (31). This validated questionnaire
covers nine main questionnaires (Scales) consisting of several sub-questionnaires (sub-scales) of which
seven were analysed for this study. A detailed description of the scales is shown in Table 2. FEV-Path

(pathogenic eating behaviour) was not included in the study, since the assumption was made that the
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students were per se healthy. The FBEB (handling of food including carving and addiction) scale was

excluded from analysis due to low response rates.

In order to achieve a standardisation, the evaluation tool of the standardized questionnaire (31) was used
which compares the mean of the raw data values for each scale and subscale to the reference raw values
of norm charts differentiating between age, sex and BMI. The corresponding T-value and percentage
ranks as stated in (31) are reported. Participants were divided in three BMI groups. BMIHow (< 18.7,
corresponding to the percentile groups P1-P3), BMI-norm (18.7-22.4, corresponding to the percentile
groups P4-P6) and BMI-high (>22.4, corresponding to the percentile groups P7-P9). T-values have a range
between 20 and 80, percentage ranks between 0 and 100. T values < 30/> 70 were considered extreme, 30
to < 40 as under average, 40 to < 60 as average and 60 to < 70 as over average. The equivalent

percentage ranks allow a more concise interpretation of the T-values.

Table 2: AD-EVA questionnaire description including scales, description and subscales.

SCALE DESCRIPTION SUBSCALE

FUN Self-estimate of carvings, uncontrollable urge for food (10
items)

FEV- Salutogenic behaviour (12 items) - - Sports (S- 4 items)
SALUT - - Ability of implementing suggestions (EU- 8
items)
FVE Preclinical eating disorders (9 items) - - Preoccupation with weight and shape (PWS-7
items)
- - Symptoms (vomiting, purging, binge eating) (KV-
2 items)
KINDL-R | Quality-of-life (24 items) - - Physical well-being (KW- 4 items)
- - Mental well-being (PW- 4 items)
- - Self-esteem (SW- 4 items)
- - Family (FAM- 4 items)
- - Friends (FREUND- 4 items)
- - School (SCHUL- 4 items)
FBM Movement motivation (7 items) - - Fun and satisfaction (F&B- 5 items)
- - Aesthetics (A- 3 items)
EPL Nutrition preference list (35 items) - - Healthy food (G- 12 items)
- - Hearty food (D- 7 items)
- - Snacks (S- 16 items)
SKB Body image (5 items): six body images are shown from very - 1. How do you see yourself?
slim to obese (1-6) - 2. How would you like to be?
- 3. How do you think others see you?
- 4. Who is the most attractive?
- 5. Who is the least attractive?
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Data analysis

Laboratory data were managed and validated by the laboratory software GLIMS (MIPS Diagnostics
Intelligence Europe, Gent, Belgium). All data including anthropometric, laboratory parameters and
physical fitness values were imported to IBM SPSS Statistics version 25 (IBM Corporation, NY, US) and
calculations and descriptive statistical analysis were performed. Data is presented as percentile (25, 50
and 75) to provide a better view of the distribution of the data. Statistical analyses between the control
group and the intervention group were performed using the Independent Samples Mann-Whitney U Test
with a significance level of p < 0.05 (Anthropometric, biomedical and PFTB) and independent sample test
including Levenes test for equality of variances and ttest for equality of means (questionnaire).
Statistical analyses between time points TO and T2 were performed using the Paired-Sample Wilcoxon
signed rank test including a Bonferroni correction (Anthropometric, biomedical and PFTB) and paired

sample t-test (questionnaire).

Results
Participants and Compliance

In total, 109 students participated in the study (42 females and 67 males both aged 15.0 + 0.7 years).
Anthropometric data of 107 (40 females, 67 males), biomedical data of 104 (40 females and 64 males)

and the PFTB data of 109 students (42 females and 67 males) were analysed (Table 3).

Dropout rates from the time point TO to T2 differed for the different tests. For the anthropometric and
PFTB data the dropout rate was 2.5% and 2.4% respectively for females and 4.7% for both data sets in
males. For the laboratory measurements, the dropout rate was 7.5% and 6.3% for females and males,
respectively. In case of missing values in the data range, the whole pair was excluded in the analysis

comparing TO and T2.

For the AD-EVA questionnaire we had a total of 38 females and 65 males, however, the groups were not
split between control and intervention, since only one subscale (evaluation of fun and satisfaction (FBM-
F&B)) resulted in a significant difference at T2 between the control- and intervention- group for the BMI-

norm group in the male population out of all measurements.
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Table 3: Number of participants (Control (Crtl) and intervention group (Int)).

Female Male

TO T2 T0 T2

Crtl Int| Crtl Int] Crtl Int| Crtl Int

Anthropometricdata [ 19 21| 19 20| 30 34| 32 35

Biomedicaldata [ 19 21| 19 18] 31 33| 30 30

PFTB| 20 22| 19 22| 33 31| 33 34

Anthropometric data

In Table 4 anthropometric data is shown for the start of the study at TO for females and males, presented
as 25, 50 (median) and 75 percentiles (control and intervention group combined). Detailed information
including data for females and males at both time points can be found in the additional file 1. The
analysis of the anthropometric data showed that the BMI is distributed according to the age- and gender-
matched reference range. No statistical difference was observed between the control group and the
intervention group at TO and T2. To determine the change over time for the anthropometric data,
statistical analysis was performed between the time point for both groups (Crtl and Int) in females and
males (Table 4, Table S1). Over the period of 6 months, the male population showed a small, but
significant increase in weight, height, BMI, waist- and hip circumference, whereas the female population
showed only an increase in height, waist- and hip-circumference and hip/waist ratio (see Table 4 for
group details). Interestingly, whole body bio-impedance as well as right and left arm bio-impedance was
significantly lower at T2 in males (Table 4). This could be explained as a result of the increase in physical

fitness shown in Table 5.

Table 4: Anthropometric data.
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Female Male

Percentile (TO) TOvs T2 Percentile (TO) TOvs T2

25 50 75 Ctrl Int | 25 50 75 | Ctrl Int
Weight (kg) | 498 548 638 | - - 54.7 62.1 72.3 T i)
Height (cm) | 159.3 165.0 1689 | 1 - 168.0 1748 179.0 T )
BMI | 181 205 227 | - - 18.7 204 227 1 )
BMISDS | -089 -008 057 | - - -0.51 0.04 0.67 - -
Waist circ (cm) | 645 683 724 | 1 T 68.3 72.0 771 1 1
Hipcirc (cm) | 840 893 934 | - ) 79.3 86.5 93.0 ) )
Hip/Waist ratio | 0.7 0.8 0.8 i) - 0.8 0.9 0.9 - -
Upper thight circ (cm) | 440 468 504 | - - 440 47.0 514 - -
Neck circ (cm) | 24.1 250 268 | - - 26.5 28.0 294 - -
BIA-whole body (Q) | 696 747 794 | - - 568 619 667 - l
BIA-rightleg (Q) | 277 302 315 | - - 239 257 275 1 1
BIA- left leg (QQ) | 281 301 319 - - 238 255 276 - -
BIA-right arm (Q) | 381 403 432 | - - 306 338 365 - -
BIA-left arm (Q) | 389 418 445 - - 319 340 370 l 1

Legend Table 4: Data is shown as median, 25 and 75 percentiles for females and males at TO (control and intervention group
combined). Statistical analysis was performed between the time points TO and T2 in females and males in the control group and
the intervention group (- no significant change between time points, 1 significant increase, | significant decrease). BIA:

Bioimpedance analysis; circ: circumference.

Results PFTB

Physical fitness of the participants was assessed by the standardized age- and percentile-matched
physical fitness test battery (PFTB). Standardized PFTB data is shown for the start of the study at TO for
females and males, presented as 25, 50 (median) and 75 percentiles (Table 5) (Crtl and Int combined).
Detailed information including data for females and males (Crtl and Int group) at both time points can be
found in the additional file 2. Statistical difference between the control and intervention group at both
time points was determined. At TO the intervention group of the male population showed by chance a
significantly higher number of PU compared to the control group (p=0.012). Percentile ranks (20MR, SLJ,
SHJ, 6MR, LBFJ- as described in the section material and methods) and raw data (PU and HU) are shown

for females and males at TO.
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To determine the change over time for the PFTB data, statistical analysis was performed between the
time point TO and T2 for both groups (Crtl and Int) in females and males (Table 5, Table S2). Over the
period of 6 months, the female population showed a significant improvement at the exercises PU, LBFJ
and OBR and the male population at the exercises 20MR, PU, LBFJ and OBR (for group details see Table
6).

Table 5: PFTB results shown as percentile ranks (except for PU and HU).

Female Male
Percentile (TO) TOvs T2 | Percentile (TO) | TOvs T2
25 50 75 | Ctl Int ] 25 50 75 | Crtl Int
20 MR | 340 600 860 | - - |625 8.0 920 1 -
PU(Mm) | 90 100 120 1 T 1120 140 158 | 71 )
SLJ | 595 840 960 | - - |440 780 900 | - -
SHJ | 21.0 500 79.0 - - 1340 540 730 - -
6MR | 750 90.0 94.0 - - | 460 580 820 | - -
LBF] [ 360 480 660| - 1 |360 500 660| - 1
OBR (sec) | 146 159 174 | 1 T 1137 144 155 | 7 1

Legend Table 5: Median, as well as 25 and 75 percentiles at TO are shown for females and males (control and intervention group
combined). Statistical analysis was performed between the time points TO and T2 in females and males in the control group and

the intervention group (- no significant change between time points, 1 significant improvement, | significant decrease/decline).

Biomedical parameters

The biomedical parameters measured in this study included blood values, carbohydrate metabolism, fat
metabolism, thyroid hormones, renal function parameters, liver function parameters, vitamins and
hormones. A detailed description of the biomedical parameters measured in this study at time point TO
were published previously by Bogner et al. 2019, reporting the data as paediatric reference intervals for an
Austrian cohort (26). In the present manuscript, we focused on the changes of the biomedical parameters

over time and the differences between control and intervention group.

Statistical difference between the control and intervention group at both time points was determined for
all parameters measured. At TO the intervention group in the female population had significantly lower

values for FT3 (p=0.012), FT4 (p=0.008) and SHBG (p=0.01) (data not shown) and at T2 for glucose
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(p=0.039). The male population had significantly lower values in the intervention group for neutrophils
(p=0.02), lymphocytes (p=0.017) (data not shown), HbA1c (p=0.026), albumin (p=0.048) and adiponectin
(p=0.021) at T2. Since the groups were chosen randomly, the significant differences at TO are purely by
chance. To determine the change over time for the laboratory parameters, statistical analysis was
performed between the time point TO and T2 for both groups in females and males. Out of the 50
parameters 14 parameters, mainly linked to haematology, carbohydrate metabolism, fat metabolism and
renal function, showed a significant change over time in one or more of the groups measured (Table 6).
Interestingly, with the exception of ApoA1 and urea, the significant changes over time in the male
population only occurred in the intervention group. Detailed information including data for females and
males (Crtl and Int group) at both time points as well as reference ranges (Bogner et al., 2019) can be

found in the additional file 3.

Table 6: Biomedical parameters.

Female Male

percentile TOvs T2 percentile TOvs T2

25 50 75 Ctrl Int | 25 50 75 | Ctrl Int
Erythrocytes (x106/pl) | 4.4 4.6 48 || - 4.9 5.1 5.3 - 1
Haemoglobin (g/dl) | 12.5 13.4 139 | | l 14.3 14.9 15.4 - l
HCT% (%) | 38.0 39.9 40.7 | | - 41.8 432 448 - 1
MCH(pg) | 27.9 29.0 29.9 | - ! 28.5 29.1 29.6 - -
Monocytes (%) | 5.3 5.7 6.8 - - 5.4 6.4 7.4 - 1
Glucose (mg/gL) | 77.3 81.0 84.8 | 1 - 81.0 85.0 87.0 - -
Insulin(uiU/ml) | 8.7 10.1 139 | - - 8.8 10.5 13.4 - 1
LDL (mg/dL) | 72.6 95.1 118.9 | - - 79.8 92.7 109.0 - 1
LDL prop HDL 1.2 1.5 2.1 - l 1.4 1.6 2.1 - -
ApoAl (mg/dL) | 148.2 166.2 179.4 | - - 137.6 152.7 160.9 l 1
Adiponectin (ug/ml) | 8.7 10.3 124 | - - 7.1 9.7 11.5 - 1
Albumin (g/L) | 47.3 492 51.7 | - - 48.5 50.7 53.0 - 1
Creatinine (mg/dL) | 0.6 0.7 0.8 - - 0.7 0.8 0.9 - 1
Urea (BUN (mg/dL) | 18.8 21.8 25.7 | - - 214 244  29.1 1 1

Legend Table 6: Data is shown as median, 25 and 75 percentiles for females and males at TO (control and intervention group
combined). Statistical analysis was performed between the time points TO and T2 in females and males in the control group and
the intervention group (-no significant change between the time points, T significant increase (p< 0,05), | significant decrease
(p=<0,05)). Out of the 50 parameters tested, only those with a significant change are shown.
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AD-EVA Questionnaire

The prevalence of various eating and movement behaviour patterns was assessed by the validated and
standardized age- and percentile-matched AD-EVA questionnaire. The analysis was based on the BMI of
participants as proposed by the AD-EVA manual. The participants were divided into three BMI groups
including BMI-low (< 18.7, corresponding to the percentile groups P1-P3), BMI-norm (18.7-22.4,
corresponding to the percentile groups P4-P6) and BMI-high (>22.4, corresponding to the percentile
groups P7-P9). Statistical difference between the control and intervention group at both time points was
determined for each BMI- and gender- group. Out of the 17 subscales investigated, only the subscale
‘Movement motivation- Fun and satisfaction’ (FBM-F&B) in the BMI-norm group of the male population
resulted in a significant difference at T2 (p < 0.011). Therefore, the analysis was performed by combining
the control group and intervention group. Each of the 17 subscales were further tested for statistical
significance between the time points for male and females in each BMI group. In the male BMI-low group,
‘Nutrition preference list- Snacks’ (EPL-S) (p< 0.036) and ‘Nutrition preference list (snacks, healthy and
hearty/fatty food)- SUM’ EPL-SUM (p< 0.018) were significantly decreased at T2. In the male BMI-high
group, ‘Nutrition preference list- hearty food’ EPL-D and EPL-SUM were significantly decreased (p< 0.008)
and in the female group ‘Preclinical eating disorder- ability of implementing suggestions’ (FEV-EU) was
significantly increased (p< 0.011) at T2. Furthermore, the results of the overall scales (EPL, FEV, FVE,
KINDL, FBM) (sum of subscales) were presented as mean and standard deviation in Table 7 with the
corresponding percentage range and T-value as defined by the AD-EVA manual (31). The T-values for the
scales ‘Self-estimate of carvings, uncontrollable urge for food’ (FUN), 'Salutogenic behaviour (FEV),
‘Preclinical eating disorders’ (FVE) and ‘Movement motivation’ (FBM) were within the healthy average
range (40 to <60), except the female BMI-high group with a T-value of 38 for the corresponding age and
BMI reference group. The T-value of ‘Nutrition preference list’ (EPL) was below 30 for all groups analysed
(corresponding to their BMI percentile) which is considered extreme. The T-value results of the ‘Quality-of-
life' (KINDL) questionnaire were classified as below average for the BMI-low and the BMI-norm group and
average for the BMI-high group. ‘Body image’ (SKB) results for TO are presented as mean and standard
deviation for each item (Table 8). Detailed description of the ‘Body image' questionnaire can be found in

Table 2 and Table 8. All values were between 2.5 and 3.8, which is considered an average response
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indicating no disorder in terms of body image. Interestingly, the results for item 5 (‘who is the least
attractive’) had a substantial spread ranging from 1-6 with a standard deviation close to the mean (Table

8). No significant differences were observed between T0 and T2, therefore only TO is shown in Table 8.

Table 7: AD-EVA questionnaire.

Female Male
SUM Mean SD PR T-value | Mean SD PR T-value | Ref.range
FUN [ 20.3 6.9 77 57 17.7 5.6 69 55 P1-P5 (m/f)
BMI-norm EPL | 71.2 24.8 2 29 69.3 16.5 2 28 P1-P5 (m/f)
FEV | 49.0 6.4 68 55 46.3 5.1 53 51 P1-P9 (m/f)
FVE | 188 7.1 59 52 16.4 6.3 68 55 P1-P9 (m/f)
KINDL | 71.8 79 6 35 70.1 4.0 5 34 P5 (m)/(f)
FBM | 30.4 5.8 58 52 30.6 4.1 58 52 P1-P5 (m/f)
BMI-low FUN [ 16.9 4.1 65 54 20.3 5.9 77 57 P1-P9 (m/f)
EPL | 87.0 67.6 9.6 1 28 P1-P5 (m/f)
FEV | 45.0 7.1 48 49 46.0 4.6 53 51 P1-P9 (m/f)
FVE | 20.6 43 92 64 13.8 34 66 54 P1-P9 (m/f)
KINDL | 68.7 1.8 5 33 71.8 44 6 35 P1-P4 (m/f)
FBM | 26.7 74 35 46 28.8 33 46 49 P1-P5 (m/f)
BMI-high FUN | 22.8 6.8 73 56 21.6 6.5 70 55 P1-P9 (m/f)
EPL | 620 64.1 9.6 1 27 P7 (m/f)

FEV | 478 5.0 63 53 46.5 44 58 52 P1-P9 (m/f)
FVE | 20.0 47 13 38 19.1 6.2 33 46 P1-P9 (m/f)

KINDL | 69.6 53 19 41 732 47 24 43 P7 (m)/(f)

FBM | 29.5 44 52 51 29.1 23 52 51 P8 (m/f)

Legend Table 7: Descriptive values from all students at time point TO for the scales FUN, EPL, FEV, FVE, KINDL and FBM
presented as mean and standard deviation as well as the corresponding percentage range and T-value for each for the BMI groups

(BMI-norm, BMI-low, BMI-high) in both gender.
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Table 8: AD-EVA questionnaire- SKB scale.

SKB BMI-norm BMI-low BMI-high
Female Male Female Male Female Male
Mean SD | Mean SD [ Mean SD | Mean SD | Mean SD | Mean SD
l.item | 33 07| 38 09| 33 07| 38 09| 33 07| 38 09
2.item | 25 05| 29 05| 25 05| 29 05| 25 05| 29 05
3.item| 29 06| 38 07| 29 06| 38 07| 29 06| 38 07
4.item | 25 05| 28 05| 25 05| 28 05| 25 05| 28 05
5.item | 27 29| 30 26| 27 29| 30 26| 27 29| 30 26

Legend Table 8: Descriptive values from all students at time point TO for the scale SKB presented as mean and standard
deviation for the BMI groups (BMI-norm, BMI-low, BMI-high) in both gender. 1. item- How do you see yourself? 2. ltem- How would
you like to be?, 3. ltem- How do you think others see you?, 4. ltem- Who is the most attractive?, 5. Item- Who is the least

attractive?.

Discussion

The study was designed to assess the potential of an interdisciplinary life-style program on the health
status of adolescents over a 6-month period. The focus was placed on the changes observed over time
including anthropometric, biomedical, and physical fitness parameters as well as the results of the AD-
EVA questionnaire. The results are reported as a comparison of the measured parameters at the start and
the end of the study. Control and intervention group are presented separately in order to identify a
potential impact of the intervention tool “hand-on workshops”.

In terms of the adoption variable, the intention to employ a new intervention in this specific school setting
was met with great acceptance from the head of school and teachers, participants and their parents as
well as the ethics committee and policies involved. This positive adaption was also linked to a high
feasibility of the program.

In terms of the study aims acceptability and appropriateness, the program was well accepted by the
participants, with a dropout rate of maximally 7.5% and a general positive feedback of the participants
was received. The study population was selected to show effects of the intervention rather than selecting
beneficiaries, since such a life-style program is aimed at the wide variety of young adolescents without
particular comorbidities or specific social, cultural or economic environment.

An extensive part of the program was linked to the degree to which participants might benefit from this
intervention. The results of the anthropometric data revealed a significant increase in weight, height and
BMI, as well as hip-, waist- and neck-circumference over the course of 6 months within the normal
reference range. This can be explained by the continuous growth in adolescence. Interestingly, the
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increase was more pronounced in the male population in both the control and intervention group,
compared to the female population. Moreover, a significant decrease in whole body- as well as right- and
left-arm-bio-impedance measurement results was observed after 6 months, implying an increase in
muscle mass paralleled by a decrease in fat mass. This can be linked to a significant increase in physical
fitness related to pull ups, coordination and motor skills, caused by the repeated analysis of these
measures in both groups. In addition, the muscle metabolite creatinine was significantly increased in the
male intervention group, indicating a potential increase in muscle turnover and physical activity (32).

Moreover, the earlier findings focussing on the calculation of reference intervals of haematological and
biochemical markers in an Austrian adolescent study cohort were extended in the present report (26).
Various clinical laboratory parameters were measured at different time points. The comparison of the
parameters at TO and T2 showed significant changes in the haematological values and parameters for
the determination of carbohydrate- and fat-metabolism as well as renal function. The number of
erythrocytes, as well as the haemoglobin, haematocrit and mean corpuscular haemoglobin values were
significantly decreased, nevertheless all values were still in the normal reference range (Table 6 and Table
S3). These changes might be due to daily fluctuations, especially for the female population (33). Some of
the values indicated, that changes might be due to an enhanced physical activity, a direct connection
cannot be drawn at this stage and this should be studied in more detail. Nevertheless, a study
investigating the effects of exercise and training on the oxygen supply of red blood cells showed, that
trained athletes have a decreased haematocrit which is brought about by an increased plasma volume
(34). Changes in the carbohydrate metabolism were observed for glucose and insulin values in only a
number of female and male participants, which could be due to a specific diet before the day of the
measurement. However, no long-term conclusion can be drawn from these observations. A connection
between dietary changes and a long-term modulation of the carbohydrate metabolism can only be drawn
if there would have been a significant change in glucose-, insulin- and HbA1c values within one of the
groups (35, 36). Interestingly a number of fat metabolism-related parameters decreased significantly over
the course of the study, mainly in the intervention group of the male population, whereby all changes
remained in the normal reference range. Parameters included LDL-cholesterol, LDL/HDL ratio, ApoA1 and
Adiponectin. A decrease in LDL-cholesterol concentration and LDL/HDL ratio indicates a general positive
trend towards a healthier lifestyle, whereby a decrease in adiponectin, a hormone which is involved in
regulating glucose levels as well as fatty acid breakdown, indicates an increase in fat cell depot and fat
cell size (37). This is in contrast to the observed results for whole body- as well as right- and left- arm bio
impedance, which implied an increase in muscle mass paralleled by a decrease in fat mass. This could
be explained by daily fluctuations of the adiponectin level in contrast to a more consistent change of bio-
impedance over the 6 month time point (38). A study investigating the lifestyle and dietary determinants
of serum apoA1 and apoB concentrations showed that high intake of products containing added sugar,
such as pastries, sweets, chocolate, jam/sugar and sugar-sweetened beverages, was associated with
lower ApoA1 concentrations but higher ApoB concentrations and a higher ApoB/ApoAT1 ratio (39). In our
study, the concentration of ApoB did not change significantly over time.
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In order to further evaluate the psychological state of the adolescents in relation to their eating habits, a
psychologically approved questionnaire was included in this study (31). Statistical analysis showed, that
only a very limited effect was seen between the control group and the intervention group after the 6
months period, indicating a low impact of the nutrition workshop on the eating habits. Therefore, results
were further analysed as control- and intervention-group combined. Some of the questionnaires scales
and subscales significantly changed over the course of the study. A significant decrease was observed in
‘Nutrition preference list- snacks, hearty and SUM’ (EPL-S, EPL-D and EPL-SUM), which indicates a
decreased consumption of snacks, hearty food and an overall decrease in the ratings of snacks, hearty
and healthy food, respectively. A significant increase was observed for ‘Salutogenic behaviour- Ability of
implementing suggestions’ (also known as FEV-EU), which indicates an increased ability of implementing
suggestions. In general, the changes indicate a trend towards slightly healthier eating habits by the
reduction of snacks and hearty food. However, no significant increase in healthy food was observed and
all changes happened only in a subgroup of participants. In addition, it should be mentioned that the
results of the ‘Nutrition preference list’ (EPL) scale, presented as T-values, are classified as ‘extremely
below the average’ compared to the reference group defined by (31). This is due to the fact, that the
participants rated the list of products including snacks, hearty and healthy food with an average of
‘neither...nor’ (3) or ‘not really’ (2) which resulted in the low overall value.

The T-value results of the ‘Quality-of-Life’' (KINDL) questionnaire were classified as below average for the
BMI-low and the BMI-norm group which would indicate a reduced quality of life compared to the
reference values of adolescents with a similar weight range. Regarding the ‘Body image’ (SKB) scale, the
results are within the normal range. Interestingly, for item 5- who is the least attractive- the answer was
very diverse ranging from the skinniest person to the chunkiest person.

By the use of this questionnaire, we aimed to evaluate the eating behaviour or change of diet over the
course of the study, however we did not expect a substantial change in the outcome of the questionnaire
comparing the start and the end of the study since our study participants were not considered to have an
eating disorder in any of the scales tested.

A number of limitations have to be considered when interpreting the results. Especially the biomedical
parameters have to be judged carefully, since these values are mainly linked to a healthier lifestyle in
terms of intake of healthy food. In this study, we could not control for the availability of healthy food
including the school buffet or the consumption of fruits and vegetables as snacks provided by the
parents (40). In addition, the supportiveness of the school environment and at home to live a healthier
lifestyle should be given and this factor could also not be influenced in this study (21).

Nevertheless, the results demonstrate a positive effect of the performed dietary- and lifestyle-program in
terms of body fat, muscle mass and physical activity. A Trend was shown towards a healthier lifestyle

regarding muscle metabolism through the creatinine pathway and fat metabolism via a decrease in LDL
levels and the LDL/HDL ratio. In addition, the measurement of a set of biomedical parameters facilitate
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an early detection of physical deficiency symptoms, e.g. anaemia or hyperlipidaemia, which allows for an
early therapeutic intervention.

Some of these positive changes were more pronounced in the intervention group and some were present
in both the control and the intervention group. These findings demonstrate that measuring the health
status and confronting young people with their well-being might have a positive effect on their well-being
and self-empowerment.

Conclusion

Early information and prevention programs in schools, in order to increase the awareness of a healthy
lifestyle including dietary health as well as physical health, have a number of important implications. The
implementation of such projects as permanent topics in the school curriculum over an extended period of
time could improve the health of students, leading to less days of absence from classes, an increased
ability for self-perception and self-reflection as well as self-empowerment.

Even though this study lasted only 6 months, we could already detect a positive impact on the health
status of the students by an increase in physical fitness and increased awareness for nutrition and
beverages as well as health-associated parameters. In addition, the fact that the students had regular
interrogations regarding their health status and fitness might per se lead to an increased awareness and
subsequently positive effect.

List Of Abbreviations

Ability of implementing suggestions (EU), Aesthetics (A), Body mass index (BMI), Body image (SKB),
Control group (Crtl), Family (FAM), Friends (FREUND), Fun and satisfaction (F&B), Healthy food (G),
Hearty food (D), Intervention group (Int), Lateral back- and forth jumping (LBFJ), Mental well-being (PW),
Movement motivation (FBM), Nutrition preference list (EPL), Obstacles boomerang run (OBR), Quality-of-
life (KINDL-R), Salutogenic behaviour (FEV-SALUT), School (SCHUL), Self-esteem (SW), Self-estimate of
carvings, uncontrollable urge for food (FUN), Sports (S), Snacks (S), Standing high jump (SHJ) , Standing
long jump (SLJ), Symptoms (vomiting, purging, binge eating) (KV), Physical fitness test battery (PFTB),
Physical well-being (KW), Preclinical eating disorders (FVE), Preoccupation with weight and shape (PWS),
Pull-ups (PU), 6-minute run (6MR), 20-meter run (20MR).

Declarations

Ethics approval: The ethics commission approved the study including project description and consent
form of participants. Name of the ethics committee- Ethikkommission Land Salzburg, committee’s
reference number- 415-E/1758/19-2015 (Votum 2). The research was performed according to the
Declaration of Helsinki.

Page 18/22



Consent to participate: Consent form to participate in the study was obtained from of all participants (or
their parent or legal guardian in the case of children under 16).

Consent to publish: We obtained consent to publish from the participant (or legal parent or guardian for
children) to report patient data.

Availability of data and materials: The datasets used and/or analyzed during the current study are
available from the corresponding author on reasonable request.

Competing interests: The authors declare that they have no competing interests

Funding: The study was supported by a grant of the County of Salzburg (Grant Number 7081_004), an
institutional grant of the Salzburg University of Applied Sciences (SUAS) and the Obesity Academy
Austria.

Authors' contributions: "AS analyzed and interpreted the patient data and was a major contributor in
writing the manuscript. KS organized and participated in the data acquisition and analyzed the patient
data. EO was strongly involved in the organization and performance of the study in the school setting.

GL supported the study design, ethical approval and dissemination phase of the project concerning the
statistical aspects. EAG provided and analyzed the psychological questionnaire used in this study.

DW supported all medical parts of this study, including obtaining the ethical approval, informing the
students and parents and interpreting the medical data. SRD designed and provided the sports related
part of this study. TF supervised, organized and analyzed the sports related part of this study. GJO
designed the study, analyzed and interpreted the patient data and contributed in writing the manuscript.
BB Designed the study, analyzed and interpreted the patient data and contributed in writing the
manuscript.

All authors read and approved the final manuscript.

Acknowledgements: We thank the head of HBLA Ursprung (agricultural school) as well as the teachers of
this school for the permission to perform this study at their school. Moreover, we thank all participating
students for performing the tests and providing the blood samples. Finally, we extend our thanks to the
teachers and students of the Bachelor degree biomedical sciences at the SUAS for helping out with the
different measurements and sample preparations.

References

1. Livingstone MB. Childhood obesity in Europe: a growing concern. Public Health Nutr.
2001;4(1A):109-16.

2. Ogden CL, Carroll MD, Curtin LR, McDowell MA, Tabak CJ, Flegal KM. Prevalence of overweight and
obesity in the United States, 1999-2004. JAMA. 2006;295(13):1549-55.

Page 19/22



3.

10.

11.

12.

13.

14.

15.

16.
17.

Wang Y, Lim H. The global childhood obesity epidemic and the association between socio-economic
status and childhood obesity. Int Rev Psychiatry. 2012;24(3):176—-88.

. Lobstein T, Jackson-Leach R. Child overweight and obesity in the USA: prevalence rates according to

IOTF definitions. Int J Pediatr Obes. 2007;2(1):62-4.

. Seidell JC. Obesity in Europe: scaling an epidemic. Int J Obes Relat Metab Disord. 1995;19(Suppl
3):1-4.
. Romero-Corral A, Somers VK, Sierra-Johnson J, Thomas RJ, Collazo-Clavell ML, Korinek J, et al.

Accuracy of body mass index in diagnosing obesity in the adult general population. Int J Obes
(Lond). 2008;32(6):959-66.

. Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. Establishing a standard definition for child overweight and

obesity worldwide: international survey. BMJ. 2000;320(7244):1240-3.

. Onis M de, Onyango AW, Borghi E, Siyam A, Nishida C, Siekmann J. Development of a WHO growth

reference for school-aged children and adolescents. Bull World Health Organ. 2007;85(9):660-7.

. WHO

WHO. Obesity and overweight; 2018. Available from: URL:
http://www.who.int/mediacentre/factsheets/fs311/en/.

Ng M, Fleming T, Robinson M, Thomson B, Graetz N, Margono C, et al. Global, regional, and national
prevalence of overweight and obesity in children and adults during 1980-2013: a systematic
analysis for the Global Burden of Disease Study 2013. Lancet. 2014;384(9945):766-81.

Alberti KGMM, Zimmet P, Shaw J. Metabolic syndrome—a new world-wide definition. A Consensus
Statement from the International Diabetes Federation. Diabet Med. 2006;23(5):469-80.

Hagman E, Danielsson B, Brandt L, Ekbom A, Marcus C. Association between impaired fasting
glycaemia in pediatric obesity and type 2 diabetes in young adulthood. Nutr Diabetes.
2016;6(8):e227.

Ice CL, Murphy E, Cottrell L, Neal WA. Morbidly obese diagnosis as an indicator of cardiovascular
disease risk in children: results from the CARDIAC Project. Int J Pediatr Obes. 2011;6(2):113-9.

van Emmerik NMA, Renders CM, van de Veer M, van Buuren S, van der Baan-Slootweg OH, Kist-van
Holthe JE, et al. High cardiovascular risk in severely obese young children and adolescents. Arch Dis
Child. 2012;97(9):818-21.

Clinical Problems Caused by Obesity. South Dartmouth (MA)

Endotext

Kyrou |, Randeva HS, Tsigos C, Kaltsas G, Weickert MO. Endotext: Clinical Problems Caused by
Obesity. South Dartmouth (MA); 2000.

WHO. Good maternal nutrition: The best start in life. WHO Regional Office for Europe; 2016.

Poston L, Harthoorn LF, van der Beek EM. Obesity in pregnancy: implications for the mother and
lifelong health of the child. A consensus statement. Pediatr Res. 2011;69(2):175-80.

Page 20/22



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Langley-Evans SC, McMullen S. Developmental origins of adult disease. Med Princ Pract.
2010;19(2):87-98.

Llargues E, Franco R, Recasens A, Nadal A, Vila M, Pérez MJ, et al. Assessment of a school-based
intervention in eating habits and physical activity in school children: the AVall study. J Epidemiol
Community Health. 2011;65(10):896—-901.

Henauw S de, Huybrechts |, Bourdeaudhuij | de, Bammann K, Barba G, Lissner L, et al. Effects of a
community-oriented obesity prevention programme on indicators of body fatness in preschool and
primary school children. Main results from the IDEFICS study. Obes Rev. 2015;16(Suppl 2):16—29.

Lambrinou C-P, Androutsos O, Karaglani E, Cardon G, Huys N, Wikstrom K, et al. Effective strategies
for childhood obesity prevention via school based, family involved interventions: a critical review for
the development of the Feel4Diabetes-study school based component. BMC Endocr Disord.
2020;20(Suppl 2):52.

Bourdeaudhuij | de, van Cauwenberghe E, Spittaels H, Oppert J-M, Rostami C, Brug J, et al. School-
based interventions promoting both physical activity and healthy eating in Europe: a systematic
review within the HOPE project. Obes Rev. 2011;12(3):205-16.

Knox G, Baker JS, Davies B, Faulkner S, Rance J, Rees A, et al. A cross-curricular physical activity
intervention to combat cardiovascular disease risk factors in 11-14 year olds: 'activity knowledge
circuit'. BMC Public Health. 2009;9:466.

Pigeot |, Baranowski T, Henauw S de. The IDEFICS intervention trial to prevent childhood obesity:
design and study methods. Obes Rev. 2015;16(Suppl 2):4-15.

Peters DH, Adam T, Alonge O, Agyepong IA, Tran N. Republished research: Implementation research:
what it is and how to do it: implementation research is a growing but not well understood field of
health research that can contribute to more effective public health and clinical policies and
programmes. This article provides a broad definition of implementation research and outlines key
principles for how to do it. Br J Sports Med. 2014;48(8):731-6.

Bogner B, Schwenoha K, Vogl M, Weghuber D, Roth C, Kipman U, et al. Evaluation of reference
intervals of haematological and biochemical markers in an Austrian adolescent study cohort. Clin
Chem Lab Med. 2019;57(6):891-900.

Ring-Dimitriou S, E ARDELT-GATTINGER SSCHNEIDER. R JELL, E MULLER, M MEINDL. PFTB.
Physische Fitness Testbatterie. AD-EVA Modul 2 2010. Available from: URL: https://uni-
salzburg.elsevierpure.com/de/publications/pftb-physische-fitness-testbatterie-ad-eva-modul-2.

Freedman DS, Butte NF, Taveras EM, Goodman AB, Ogden CL, Blanck HM. The Limitations of
Transforming Very High Body Mass Indexes into z-Scores among 8.7 Million 2- to 4-Year-Old
Children. J Pediatr. 2017;188:50-6.e1.

Bos K, Schlenker L. Deutscher Motorik-Test 6—18 (DMT 6—18). In: Kriiger M, editor. Bildung im Sport:
Beitrdage zu einer zeitgemalen Bildungsdebatte. 1. Aufl. Wiesbaden: VS Verlag fur
Sozialwissenschaften; 2011. p. 337-55 (Bildung und Sport).

Rusch H, Irrgang W. Miinchner Fitnesstest Haltung Bewegung. 1994;(14(1):4-11.

Page 21/22



31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Ardelt-Gattinger E, Meindl M, editors. AD-EVA: Interdisziplindres Testsystem zur Diagnostik und
Evaluation bei Adipositas und anderen durch Ess- und Bewegungsverhalten beeinflussbaren
Krankheiten (AD-EVA) (Modul 1). Bern: Hans Huber, Hogrefe; 2010.

Baxmann AC, Ahmed MS, Marques NC, Menon VB, Pereira AB, Kirsztajn GM, et al. Influence of
muscle mass and physical activity on serum and urinary creatinine and serum cystatin C. Clin J Am
Soc Nephrol. 2008;3(2):348-54.

Rushton DH, Dover R, Sainsbury AW, Norris MJ, Gilkes JJ, Ramsay ID. Why should women have lower
reference limits for haemoglobin and ferritin concentrations than men? BMJ 2001; 322(7298):1355-
7.

Mairbaurl H. Red blood cells in sports: effects of exercise and training on oxygen supply by red blood
cells. Front Physiol. 2013;4:332.

Chehregosha H, Khamseh ME, Malek M, Hosseinpanah F, Ismail-Beigi F. A View Beyond HbA1c: Role
of Continuous Glucose Monitoring. Diabetes Ther. 2019;10(3):853-63.

Choy S, Kjellsson MC, Karlsson MO, Winter W de. Weight-HbA1 c-insulin-glucose model for describing
disease progression of type 2 diabetes. CPT Pharmacometrics Syst Pharmacol. 2016;5(1):11-9.
Meyer LK, Ciaraldi TP, Henry RR, Wittgrove AC, Phillips SA. Adipose tissue depot and cell size
dependency of adiponectin synthesis and secretion in human obesity. Adipocyte. 2013;2(4):217-26.
Scheer FAJL, Chan JL, Fargnoli J, Chamberland J, Arampatzi K, Shea SA, et al. Day/night variations
of high-molecular-weight adiponectin and lipocalin-2 in healthy men studied under fed and fasted
conditions. Diabetologia. 2010;53(11):2401-5.

Frondelius K, Borg M, Ericson U, Borné Y, Melander O, Sonestedt E. Lifestyle and Dietary Determinants
of Serum Apolipoprotein A1 and Apolipoprotein B Concentrations: Cross-Sectional Analyses within a
Swedish Cohort of 24,984 Individuals. Nutrients 2017; 9(3).

Goldman RL, Radnitz CL, McGrath RE. The role of family variables in fruit and vegetable
consumption in pre-school children. J Public Health Res. 2012;1(2):143-8.

Supplementary Files

This is a list of supplementary files associated with this preprint. Click to download.

Additionalfile1.xlsx
Additionalfile1.xlsx
Additionalfile2.xlsx
Additionalfile2.xlsx
Additionalfile3.xIsx
Additionalfile3.xlsx

Page 22/22


https://assets.researchsquare.com/files/rs-44118/v1/Additionalfile1.xlsx
https://assets.researchsquare.com/files/rs-44118/v1/Additionalfile1.xlsx
https://assets.researchsquare.com/files/rs-44118/v1/Additionalfile2.xlsx
https://assets.researchsquare.com/files/rs-44118/v1/Additionalfile2.xlsx
https://assets.researchsquare.com/files/rs-44118/v1/Additionalfile3.xlsx
https://assets.researchsquare.com/files/rs-44118/v1/Additionalfile3.xlsx

