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Summary

Background Austria faces increasing numbers of
childhood overweight and obesity. Despite increasing
numbers of studies, associations between parental
body mass index (BMI) and education and the school
type on overweight/obesity in students have not been
reported. The objective of this study was to evaluate
the influence of these parameters on the genesis of
overweight/obesity in a large cohort representative of
youth in Upper Austrian.

Methods A cross-sectional analysis of data from 2930
children and adolescents aged 10, 14 or 17 years from
11 different state school types was conducted. Stu-
dents and their parents completed a questionnaire
and heights and weights were measured.

Results Of the students 16.9% fulfilled the criteria
for overweight and 5.6% for obesity, with the high-
est rates in the 10-year-olds (19.6% and 5.8%, respec-
tively). While no gender differences were present in
the youngest age group, the body mass index (BMI)
during adolescence remained higher in boys but de-
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creased significantly in girls. Male gender remained
a risk factor through all calculations. Boys were over-
represented in schools with lower education levels and
more often had BMIs > 85th and >95th percentile.
Higher parental education levels and lower parental
BMIs were associated with lower BMIs of their off-
spring. Migration was an additional association factor
for BMIs > 85th percentile.

Conclusion Low parental education levels, higher
parental BMIs and migration background were asso-
ciated with overweight and obesity in 10-year-olds. In
adolescence, male gender and higher parental BMIs
remained risk factors.

Keywords Obesity - Children - Parental education -
Parental body mass index - School type

Introduction

Childhood overweight and obesity have increased dra-
matically over decades [1]. According to the 2012 Aus-
trian Nutrition Report (Osterreichischer Erndhrungs-
bericht) and the 2014 World Health Organization
(WHO) Health Behavior in School Children (HBSC)
study, this is also reflected by rising numbers of
overweight or obese Austrian schoolchildren [2, 3];
however, recent studies have reported evidence of
a plateauing and even a decline in the prevalence of
obesity but still on a high level [4-7].

Socioeconomic factors (e.g. education, income),
age, gender, heredity and life style factors were studied
with conflicting results: a recent cross-sectional sur-
vey in seven European countries identified risk factors
for overweight as younger age, male gender, watching
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Table 1 Characteristics of the 2930 participants

Male 1437 (49.0%)
Female 1493 (51.0%)
Age groups
10 years 924 (31.5%)
14 years 971 (33.1%)
17 years 1035 (35.5%)
School type
10 years Primary school 924 (31.5%)
14 years Junior high school 173 (5.9%)
Secondary school, secondary modern 798 (27.2%)
school
17 years Senior high school 215 (7.3%)
Technical high school, commercial 269 (9.2%)
high school
College of education 77 (2.6%)
pommercial high school without leav- 90 (3.1%)
ing exam
Vocational school 384 (13.1%)
Migration
No 2103 (71.8%)
Yes 827 (28.2%)
Urban areas? 1373 (47.3%)
Rural communities 1531 (52.7%)

dFor this question, 26 data are missing resulting in a total of 2904 replies
from 2930 participants.

television (TV) longer and living in the eastern part
of Europe [8]. Gender variations of obesity may re-
sult from differences in biology and/or cultural habits
and with respect to gender, studies have shown re-
sults with higher obesity rates among males in some
countries and females in others [9, 10]. Contrasting
studies reported increasing BMIs with older age in
girls but not in boys [11], higher obesity prevalence
in males from age 2 through 19 years compared to
girls [12] and a decrease of overweight in girls while
rates remained stable in boys [5]. Furthermore, higher
rates of obesity among low income groups in wealth-
ier countries and conversely in high income groups
in poorer countries were published [13]. High ma-
ternal education was associated with lower BMIs in
males, while overweight/obesity was less frequent in
both sexes with higher parental education [14]. Low
maternal socioeconomic status (SES) was associated
with overweight among boys during childhood, and
low paternal SES was associated with higher BMIs in
both male and female adolescents. Younger children
are more influenced by the socioeconomic position
and life style of their families while peer influence
plays an increasingly important role in adolescence
[15].

The BMIs of children attending state schools were
higher than those attending private schools [16]. Stu-
dents in economically disadvantaged schools were be-
tween 1.7-2.4 times more likely to fulfil the criteria
for obesity with no distinction between genders [17]

and higher parental education correlated significantly
with their children’s lower weight, regardless of the
school type they attend [18]. Children and adoles-
cents with migration background have an increased
prevalence for overweight/obesity [19-21]. This risk
was higher when both parents were immigrants and
less educated [20]. Migration background also corre-
lated significantly with extreme obesity in an earlier
Austrian study [21]. Approximately 40-70% of inter-
individual variability in BMIs has been attributed to
genetic factors [22]. Environments in families with
high parental BMIs have an additional negative effect
on children and to a lesser extent on adolescents [23,
24]. In girls, body weight was influenced by having
one parent with BMI > 85th or >95th percentile, while
boys’ body weight appeared to be influenced by the
father's BMI [25]. There are countless variables influ-
encing the regulation of body weight and only a se-
lected number can be included in questionnaires and
studies. The aim of this study was to examine whether
age, gender, environment, school type, parental edu-
cation level, parental BMIs and migration background
can be associated with overweight/obesity.

Participants, materials and methods
Study design

This cross-sectional, single center study was con-
ducted between December 2012 and February 2013 in
Upper Austria, an Austrian federal state with 1.5 mil-
lion inhabitants. A stratified (e.g. school type, region)
sample of students was drawn from all schools in
Upper Austria: 10-year-olds/grade 4, 14-year-olds/
grade 8 and 17-year-olds/grade 11 were recruited
from 10 different state school types. Because of sim-
ilar education levels, the school types were reduced
from 10 to 8 for calculations (Table 1). Three question-
naires were adopted for the different age groups (one
for the 10-year-olds with 61 questions, one for the 14-
and 17-year-olds with 83 questions and one for the
parents with 103 questions). The students and their
parents were informed that participation was volun-
tary. Parents provided written informed consent. The
study was approved by the local ethics committee and
by the Austrian Data Protection Agency.

Measurements

The child’s weight was measured while wearing light
clothing, using an electronic weight device with
a reading accuracy of 0.1kg from students of the
University of Applied Sciences Steyr (UASS). Height
was measured while wearing socks using a manual
height board. The BMI was calculated in kg/m? and
BMI percentiles were calculated using gender-specific
growth charts [25]. A BMI below the 85th percentile
defined normal weight (including underweight), the
85th-95th percentile overweight and >95th percentile
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obesity. Parental body weight and height were self-
reported and BMI was categorized as overweight
(=25kg/m?) and obese (=30 kg/m?).

Questionnaires

The focus of this study was on the education level of
the students, migration status, parent education/BMI
and living area. Migration criteria were defined as
at least one parent born outside Austria. Students
from the UASS assisted the 10-year-old children when
answering the questionnaires. The older students
could ask questions if needed and completed the
questionnaire online. A total of 2930 questionnaires
(100%) were obtained from the students, 2209 (75.4%)
from the parents (with no information who answered
the questions: mother, father, both). Of these 1924
(87.1%) could be matched to the corresponding child
so that 65.7% of all student data could be completed
with parental data. Parental response rates differed
for the age groups (the older the children the less the
response rate, 77.7%, 69.9% and 50.9%, respectively
for the 10- 14 and 17-year-olds) and for the school
types (smallest response rate from vocational schools
36.08%, largest response rate from colleges of educa-
tion 77.92%), no difference was found for migration
yes/no (Table 3).

Schools type and comparable education level

List of school types (schools with similar education
level are combined):

— 4th grade: primary school (PS).

— 8th grade, lower education level: secondary school
(SS) and secondary modern school (SMS).

— 8th grade, higher education level: junior high school
(JHS).

— 11th grade, lower education level: vocational school
(VS) and commercial high school (3 years) without
final exam (CHSwWE).

— 11th grade, higher education level: senior high
school (SHS), commercial high school (CHS), tech-
nical high school (THS) and college of education
(CoE) (kindergarten academy).

To compare parental BMIs and educational influ-
ences, indices were created and used for calculations.
The parental Education Index (EI) is the sum of
points for the highest education level achieved by
each parent, i.e. primary school or secondary school
0 points, vocational school, commercial high school
(3 years) without final examination 1 point and senior
high school, commercial high school, technical high
school, and college of education or university degree
2 points. The EI varies from 0 to 4. The parental BMI
Index (BMI-I) is the sum of BMI points from each
parent: normal weight 0 points, overweight 1 point,
obesity 2 points. The BMI-I varies from 0 to 4.

Statistical analysis

Statistical analysis was performed using SAS 9.4 (SAS
Institute, Cary, NC). In the univariate description of
the data mean and standard deviation were used for
continuous data, categorical data were summarized
using counts and percentages. The examination of
association between two nominal variables was done
by y2-tests, for ordinal variables the Mantel-Haenszel
test was used. A p-value of 0.05 was used to determine
statistical significance (two-tailed).

To evaluate risk factors for the outcome “over-
weight or obesity” (yes/no), multivariate logistic step-
wise regression models were fitted for each age group.
Mother’s BMI, father’s BMI, gender, region, migra-
tion status, living area and parental EI were used as
influencing variables. As using these models only
for explanation, a p-value of 0.1 was assumed to be
significant.

Results

The prevalence of overweight/obesity for all students
was 22.5%: 16.9% for overweight and 5.6% for obe-
sity, with the highest rates in 10-year-old boys and
girls. There was a male predominance of higher BMIs
throughout all age groups. While there was no weight
change in boys over time, overweight/obesity de-
creased significantly in 14-year-old and 17-year-old
girls (p = 0.002) (Table 3). No BMI differences were
found between urban and rural communities (77.2%
and 77.6% normal weight, respectively).

In primary schools the distribution between boys
and girls was as to be expected (50.9% boys and
49.1% girls). With higher secondary education, the
percentage of boys was remarkable lower (Table 2).
The prevalence of higher weight paralleled the lower
education levels in 14 and 17-year-olds; however,
gender-specific evaluations showed that school type
had no influence on the BMIs of adolescent girls.
Only boys with lower education levels were more of-
ten measured with BMI > 85th or >95th percentile
(Table 2).

There was an inverse correlation between the
parental EI and the prevalence of overweight/obesity
(31.1% with EI 0 + 1 and 15.5% with EI 3 + 4, p <
0.001). This influence was significant in 10-year-old
boys and girls (p < 0.001). The EI 3 + 4 remained as
a positive predictor for lower weight in 14-year-old
boys and 14 and 17-year-old girls (p < 0.001) (Table 3).

Parents with the lowest EI and the highest BMI-
I were in 76.1% of cases overweight or obese them-
selves in contrast to 25.2% with the highest EI and
the lowest BMI-1. Parents with the lowest EI and the
highest BMI-I had 52.6% of their children in the nor-
mal weight range, while this rate was 90.4% with the
highest EI and the lowest BMI-I. In EI 0 + 1 families,
6.4% of the children attend a school with a higher
education level in contrast to 50.9% of EI 3 + 4 fam-
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Table 2 Distribution of gender and weight according to school type

School type (n) Gender n (%)
Primary school (924) Boys 470 (50.9)
Girls 454 (49.1)
Secondary school, secondary Boys 416 (52.1)
modern school (798) Girls 382 (47.9)
Junior high school (173) Boys 69 (39.9)
Girls 104 (60.1)
Senior high school (215) Boys 82 (38.1)
Girls 133 (61.9)
Commercial high school, technical Boys 112 (41.6)
high school (269) Girls 157 (58.4)
College of education (77) Boys 6(7.8)
Girls 71(92.2)
Commercial high school without Boys 40 (44.4)
final exam (90) Girls 50 (55.6)
Vocational school (384) Boys 242 (63)
Girls 142 (37)

I\(l;))rmal weight Overweight (%) Obesity (%) p-values
0,

733 20.7 6.0 0.612
76.1 18.4 5.5

69.7 20.4 9.9 <0.0001
83.7 13.7 2.6

79.4 147 5.9 0.1727
82,5 16.5 1.0

80.5 15.8 3.7 0.1642
84.9 8.3 6.8

76.6 16.2 7.2 0.1441
85.3 11.5 3.2

100 0 0 0.7978
93.0 5.6 1.4

70.0 20.0 10.0 0.0493
85.7 14.3 0

70.9 22.0 71 0.0819
81.0 13.4 5.6

Table 3 Distribution of weightin gendered age groups (left side) and influence of parental El and Migration on Overweight and

obesity (right side)
Gender (7))  Age group  Normal Overweight Obesity p-value? EP0+1 EI3+4 Migrationyes Migrationno p-value®
(n) weight n (%) n (%)
n (%)
Normal Weight %
Al 2916) - 2258 (77.5) 494 (16.9) 164 (5.6) - 69.9 84.5 72.96 79.19 0.003
Boys Al 1041 (72.8) 283 (19.8) 105 (7.4) - = = 67.5 74.8 0.014
(429 oyears 343733 97 (207) 28(60) 0612 605 833 66 783 0.0004
(468)
14years 342 (71.1) 94 (19.5) 45 (9.3) <0.0001 66 77 68.2 719 ns
(481)
17years 356 (74.2) 92(19.2) 32 (6.6) <0.0001 75 75.4 70 75.1 ns
(480)
Girls (1487) Al 1217 (81.8) 211 (14.2) 59 (4.0) = = - 77.8 83.5 0.0002
10years 344 (76.2)  83(18.3) 25 (5.5) 0.612 64.9 85.7 71.6 79.3 0.006
(452)
14years 403 (83.4) 69 (14.3) 11(2.3) <0.0001 72.9 91.4 83.1 83.6 ns
(483)
17years  470(85.1) 59 (10.7) 23 (4.2) <0.0001 70 88.9 83.3 85 ns
(552)

Education Index

bp-value for gender differences in same age group

Cp-value for migration differences in same age and gender group
dFor 14 participants data for weight are missing

ns not significant

ilies (a ratio of 7.9). In primary schools the ratio EI
3 + 4 to EI 0 + 1 parents was 1.7, supporting the fact
that parental education level is a strong predictor for
school selection. In students with migration back-
ground overweight/obesity was measured in 27.0% of
cases in comparison to 20.8% in Austrian students (p =
0.003). This percentage increased to 28.2% when both
parents had migration background. Again, boys had
higher BMIs than girls. In adolescents there was no
association between migration and BMIs (Table 3).

In a stepwise multi-regression analysis for 10-year-
olds, a low parental EI negatively correlated with
higher student’s BMI, followed by migration, gender
and father’s BMI. For 14 and 17-year-old adolescents,
male gender predominated, followed by parental BMI
(supplementary Table S1).

Discussion

A high percentage (22.5%) of all participating students
fulfilled diagnostic criteria for overweight or obesity.
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The highest prevalence was found in primary school
boys and girls (16.9 and 5.6% respectively). Recent
data from Austria showed discrepant results (see sup-
plementary Table S2) [2, 3, 26]. Most notably, the
2014 HBSC Study data [27] reported lower overweight
and obesity rates. In comparison with the 2010 HBSC
study there was no change in weight class over time in
girls, while in boys overweight increased from 12.3%
to 16.5% and obesity from 2.4% to 3.6%. In the HBSC
study weight and height were self-reported. The 2012
Austrian Nutrition Report (Erndhrungsbericht) pub-
lished prevalence rates of obesity and overweight in
387 Austrian students (7-14 years old) [3]. Rates for
obesity were higher (9%, 5.5% in boys and girls, re-
spectively) and the ratio of overweight boys to girls
was smaller compared to our results (17.1-16.2% com-
pared to 19.8% and 14.2% in our study). In addition
to a small sample size, the reported data in the 2012
report are older and might underestimate important
gender aspects. Furthermore, different results for age
and gender influences were published [5, 7-12]. In
our study, there was no gender difference in the 10-
year-olds. With increasing age BMIs remained high in
adolescent boys and decreased in girls. Male gender
remained a significant risk factor for the two older age
groups throughout all calculations. This suggests that
gender specific interventions are needed and these
preventive interventions should focus particularly on
older male teenagers. The BMIs were higher in pri-
mary school children living in rural areas relative to
urban areas. After adjusting for parental education
level, these differences were greatly attenuated [28].
There were no weight differences found between ur-
ban and rural regions, and regional weight distribu-
tions based on age and gender were nearly the same.

Other reports published associations between
higher parental education and lower BMIs [12, 13].
In our study, a low parental EI was associated with
significantly higher BMIs in 10-year-old boys and girls
(odds ratio OR 3.6, p < 0.001) and an EI of 3 + 4
remained a positive predictor for lower weight in 14-
year-old boys and 14 and 17-year-old girls (p < 0.001).

In addition to genetics, the environment of chil-
dren and (to a lesser extent) adolescents are impor-
tant factors for weight regulation [23-25]. The parents
in our study with the lowest BMI-I and the highest
EI reported overweight or obesity in 25.2% of cases
compared to 76.1% with the highest BMI-I and low-
est EI. Due to missing data, we can only speculate on
this association. In families with the lowest EI and the
highest BMI-I, 56.6% of children were within the nor-
mal weight range, while in families with the highest EI
and the lowest BMI-I this number increased to 89.0%.

In our study, the distribution between boys and
girls in primary schools was as expected. Schools of
higher education levels had up to 25% less boys com-
pared to girls and we found higher percentages of boys
in lower education level schools. Interestingly, gen-
der-specific evaluations showed that the school type

itself had no influence on BMIs of adolescent girls;
however, adolescent boys in schools with a lower ed-
ucation level had higher BMIs than in schools with
a higher education level.

What happens with our boys? There was no weight
reduction over time in boys. They tend to fall behind
in school and drop out more often than girls. The
trend is pronounced in higher secondary schools. In
European countries, this gap between boys and girls
is up to 8% [28]. Does our school system prefer the
girls’ learning skills? Is the boys’ underachievement
associated with their generally negative attitudes to-
wards schoolwork [29]? Are these negative behaviors
also relevant for developing overweight or obesity?
In our study, parental EI was a strong predictor for
school selection. In families with an EI 0-1 only 6.4%
of the children attend a school with a higher educa-
tion level, compared to 50.9% in EI 3-4 families. We
evaluated the influence of the same educational back-
ground on boys and girls. Interestingly, a high parental
education had less influence on boys. They attended
schools with lower education levels more often and
were more often measured with higher BMIs. That
is why boys from families with lesser education (and
higher parental BMI) in compulsory school types with
a lower education level, will benefit from interven-
tions the most. It can be assumed that encouraging
boys to enrol in higher forms of secondary education,
will have a substantial impact on body weight. Results
also underline the problematics of less educated and
overweight and obese families and regarding child-
hood weight problems the perspective should remain
to address families as a whole system.

From 1961 to 2015, the percentage of foreign na-
tionalities living in Austria increased from 1.4% to
13.3% of our total population (Statistik Austria). In
several reports, non-German and non-Austrian chil-
dren were more often overweight with even higher
rates when both parents were immigrants [20]. Our
students with a migration background had a signif-
icantly higher risk for overweight or obesity (27.0%
with 1 and 28.2% with both parents) compared to
Austrians (20.8%) and again, boys predominate. The
difference was more pronounced for 10-year-old boys
and girls. For 14 and 17-year-old boys and girls with a
migration background the BMIs were comparable to
Austrian students. With a migration background the
educational level achieved by girls was higher than
that of boys, but lower than that of girls without this
background [29, 30]. In our study group, the ratio of
low EI and high BMI-I in migration families compared
to Austrians was 5.25. In these families 59.0% of their
offspring had normal weight and with a high EI and
a low BMI-I this value was 83.0%.

As overweight/obesity is highest in the youngest
age group, interventional strategies have to be started
early. Further prevention strategies must focus on
families with lower parental education levels and
higher parental BMIs and on gender differences dur-
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ing adolescence. The lower education level of boys
might be associated with a higher BMI in adolescence.
Further studies on this topic are needed. Due to the
large sample size and the analysis of different correla-
tions, even among young people from different types
of schools and a different parental status in a more
or less representative part of Austria, this study adds
unique information on childhood obesity in Austria.

Limitations

A cross-sectional design does not facilitate direct
conclusions regarding cause and effect. With ques-
tionnaires, overreporting or underreporting cannot
be excluded, leading to bias and misclassification.
The data are some years old and the situation may
have changed. In addition, approximately one third
of parental data were missing, reducing the strength
of these calculations. On the other hand, the study
reports the most recent data for Austria and missing
parental questionnaires does not alleviate or alter
the study’s main findings. Furthermore, the study
was only conducted in one out of nine Austrian fed-
eral states. In Austria, existing publications reported
higher BMIs in the east and lower ones in the west.
Upper Austria is located in the middle of Austria
representing a more homogeneous population thus
increasing data representativeness. Another limita-
tion is that the study does not include reports on life
style variables influencing health behavior but since
the overall goal of the study was to answer questions
on demographics, gender and education differences
regarding overweight and obesity, we chose not to
include further variables in this publication. Over-
all, the strengths of this study are the relatively large
sample size, the representativeness and the reliable
anthropometric data for the subjects.
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