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Abstract in Greek

TitAog: Alepelivnon TWV EMIKPATECTEPWV KOLVWVLKO-SNHOYpadIKWV TTOpayOVIWY KoL TOU TPOToU

{wn¢ mou ouoyetilovtal He TNV axvoapkia evnAikwv. Mehétn “Feel4Diabetes”

AVTIKELEVO KOl OKOTLOG: H mayuoapkia amoteAel emdnpuia e MOAUTTAPAYOVTLKN alTloAoyia Kot
aUEQVOUEVO ETIUTOAACUO TTAYKOOUIWG. 2TOXOC TNG Tapouoac UEAETNG ATAV O EVTIOTILOUOC TwV
ETUKPATECTEPWY TOPAYOVTIWV KIvEUVOU ylo UTEpBapOTNTA KAl Ttaxuoopkia ovApeoa O
TANBWPO TTOPAYOVIWV KOLVWVLKO-ONHoypadkwy, LATPLKWY Kal TPOToU {wNG 08 EVAALKEG OO

OLKOYEVELEG uPnAoU KvdUvou yla cakxapwdn Stafrtn tumov .

Me0Bodoloyia: XpnolpomotiOnkav otolxeia tng peAétng “Feeld4Diabetes” amo 19.761 evrAlKeg
XOHNANG KOWVWVIKO-OLKOVOULKNG TAENG amo £€L xwpeg o€ Bopela, AvatoAlkn kat Notia Eupwrn

KoL LEAETNONKAV TTAPAYOVTEG KOWVWVLKO-Onpoypadikoli, tatpikol kot tpomnou {wng.

AnoteAéopata: Ol KUPLOTEPOL TOPAYOVTEG TIOU aufdvouv Tov Kivouvo umepBapdtntag Kol
noxvoopkiog eivat: appev puAo (OR 4,55, 95% Cl 4,26-4,87), AqPn avTUTEPTACIKWY GOPUAKWY
(OR 2,39, 95% Cl 2,13-2,67), unAéc Tipeég yAukolng (OR 1,71, 95% Cl 1,54-1,89), cakxopwdng
Sdlapnrtng oe ouyyeveig mpwtou (OR 1,46, 95% Cl 1,35-1,58) kat dgutépou Babuou (OR 1,18, 95%
Cl 1,09-1,28), 6pactnpiotnta <30 Asmtta/nuépa (OR 1,46, 95% Cl 1,35-1,57) kot nAkia >45 (OR
1,30, 95% Cl 1,19-1,42). Ot KupLOTEPOL TIAPAYOVTEG TIOU LELWVOUV TOV Kivduvo urmepBapotntag
Kol moyuoapkiag eivat: eknmaidevon >14 £€tn (OR 0,70, 95% Cl 0,66-0,75), olkovopkn acdalela
(OR 0,79, 95% CI 0,74-0,84), epyacia (OR 0,84, 95% Cl 0,76-0,92) kat StaBiwon ot XWPES TNG
AvatoAwnc (OR 0,88, 95% Cl 0,81-0,95) | Notiag Eupwrning (OR 0,90, 95% Cl 0,83-0,98) (p <0,05).

Tupnépacpa: e eVAALKEG olkoyevelwv uPnAol Kwvduvou yla cakxapwdn diafntn, mapdyovieg
KwvéUvou yla uttepfapotnta Kal moyuvoapkia eivat: avépeg, nAwkia >45, HELWUEVN CWHUATLKA
aoknon, Andn avtwneptactkwy, vPnAn yYAukoln aipatog, cakxopwdng SLaBntnc o€ CUYYEVELS
PWTOU Kal Seutépou Babuou, xaunAo eninedo eknaibevong, kowwvikn avacddAela, avepyla
Kol Slapovr oTLC XWPEC TN Bopelag Eupwrnng. Tuotivetal LEAAOVTLKA TIPOYPApUATA TTPOANYNG
KOL OVTILETWIILONG TNG Taxuoapkiag va dwoouv mpotepaldotnta ot sumabeic ouadeg, pe

Eudoaon og Atopa He auEnpEVo Kivouvo yla xpovieg mabnoelg, onwg o cakxapwdng dtaBAtng Il.

Né€elg kAewda: Nayuvoapkia evnAikwy, umepBapotnta, mapdyovteg Kwvduvou, tpomog {wAg,

KOLVWVLKO-OLKOVOULKOL TIOpAYOVTEG



Abstract in English

Title: Correlates of adult obesity. The “Feel4Diabetes” study

Object and aim: Obesity is an epidemic with multifactorial etiology and a constantly increasing
prevalence worldwide. The aim of the present study was to identify the most significant risk
factors for overweight and obesity from a wide range of sociodemographic, medical and lifestyle

factors in adults from families at high risk of type Il diabetes mellitus.

Methods: This project used data from the “Feel4Diabetes” study, from 19,761 adults from the
lowest socioeconomic tertile of six countries of Northern, Eastern and Southern Europe. Analysis

of multiple sociodemographic, lifestyle and medical factors was performed.

Results: The most important risk factors for overweight and obesity are male gender (OR 4.55,
95% Cl 4.26-4.87), history of blood pressure medication (OR 2.39, 95% Cl 2.13-2.67), high blood
glucose (OR 1.71, 95% Cl 1.54-1.89), history of diabetes mellitus in first- and second-degree
relatives (OR 1.46, 95% Cl 1.35-1.58 and OR 1.18, 95% Cl 1.09-1.28 respectively), daily physical
activity of less than 30 minutes (OR 1.46, 95% Cl 1.35-1.57) and age above 45 (OR 1.30, 95% Cl
1.19-1.42). The most important factors that reduce the risk of overweight and obesity are
education of more than 14 years (OR 0.70, 95% Cl 0.66-0.75) income security (OR 0.79, 95% Cl
0.74-0.84), occupation (OR 0.84, 95% Cl 0.76-0.92) and living in the countries of Eastern (OR 0.88,
95% Cl 0.81-0.95) or Southern Europe (OR 0.90, 95% Cl 0.83-0.98) (p <0.05).

Conclusion: Among adults from families at high risk of diabetes mellitus, risk factors for
overweight and obesity are men, age above 45, reduced physical activity, history of blood
pressure medication, high blood glucose, history of diabetes mellitus in first- and second-degree
relatives, unemployment, low education level, income insecurity and living in the countries of
Northern Europe. Future programmes for prevention and management of obesity are
recommended to prioritise vulnerable groups, mainly people with increased risk of chronic

conditions such as type Il diabetes mellitus.

Keywords: Adult obesity, overweight, risk factors, lifestyle, socioeconomic factors
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1. Introduction

1.1. General background and risk factors for obesity

Obesity is a constantly increasing global health problem, as its worldwide prevalence has almost
tripled in the past 40 years (World Health Organization Obesity and overweight fact sheet, 2021).
In 2016, around 2 billion adults (39%) globally were overweight and 650 million (13%) were
obese. Percentages of overweight were similar for men and women (39% and 40% respectively),
whereas obesity was more prevalent in women (15%) compared with men (11%) (World Health
Organization Obesity and overweight fact sheet, 2021). In Greece, obesity was found to be more
prevalent in men (18.3% vs 16.4% in women) (Eurostat, 2016). In Europe the dynamics of obesity
growth is higher for men (3.09% per year) than women (1.92% per year) and it is estimated that

in 2030 obesity rates will reach 36.6% for men and 32.0% for women (Krzysztoszek et al., 2019).

Overweight and obesity are defined as an abnormal or excessive fat accumulation that presents
a health risk and is caused by a positive energy balance. A body mass index (BMI) between 25-30
kg/m? is considered overweight and over 30 kg/m? is obese (World Health Organization Obesity

and overweight fact sheet, 2021).

Developing campaigns and programmes for weight management and prevention of obesity is of
great importance, as excess weight and obesity may affect the quality of life of people and are
associated with a wide variety of conditions leading to high morbidity and mortality, including
cardiovascular diseases (coronary heart disease and stroke), type Il diabetes mellitus,
hypertension, dyslipidemia, musculoskeletal diseases (osteoarthritis), respiratory conditions
(sleep apnea), psychological disorders (anxiety, depression) and various forms of cancer (of
gastrointestinal, endocrine and reproductive system) (Woolf et al.,, 2006; World Health
Organization, 2009; National Cancer Institute, 2017; Centers for disease control and prevention,
2020a). Moreover, obesity may also be aggravated by conditions linked to it. For instance, obesity
is implicated in the development of type Il diabetes mellitus and hypertension; these conditions
can also aggravate obesity (through insulin resistance resulting in increased deposition of fat in
adipose tissue and other organs and through increased peripheral activity of the renin-
angiotensin system leading to reduced resting metabolism respectively) leading to a vicious circle
(Vanéckova et al., 2014; Sears and Perry, 2015; Littlejohn et al., 2016; Siddiqui, 2018; Fountain
and Lappin, 2021). Nevertheless, obesity is difficult to be prevented or treated, as it is a
multifactorial disease with various risk factors (genetic, environmental, social) that may interact
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with each other (Lee et al., 2019; Diels et al., 2020; Huls et al., 2021). Previous studies and
meta-analyses examined the risk factors for overweight and obesity, which can be grouped into

three large categories: biological, lifestyle and socioeconomic/demographic factors.

1.1.1. Biological factors

Genetic factors and hereditability have been found to influence the risk of excess weight and
obesity (Venkatesan and Viswanathan, 2016). However, the 32 most common genetic variants
account for less than 1.5% of the variation in BMI. Even people with more than 38 risk genes have
just a 2.7 kg/m? higher BMI (+7 kg) compared with people with low genetic risk (Speliotes et al.,
2010; Hruby and Hu, 2015). The literature estimates that genetic variation accounts for less than
20% of BMI variation and that genome-wide association studies can only explain 3-5% of obesity
heritability. The “missing heritability” of obesity is hypothesised to be due to a large number of
unknown rare variants, whereas epigenetic changes also play an important role (Chesi and Grant,
2015; Wallis and Raffan, 2020). Moreover, prenatal and perinatal factors also augment the risk
of overweight and obesity and include increased parental BMI (mainly maternal obesity),
gestational diabetes, maternal smoking during pregnancy, increased gestational weight gain,
increased birth weight and rapid weight gain of infant (Birbilis et al., 2013; Morgen et al., 2018;
Zou et al., 2019; Ardic et al., 2020; Cissé et al., 2021).

Gene-environment interactions may also affect weight (Hruby and Hu, 2015). For instance,
sugar-sweetened beverages, fried food, screen time and physical activity have been found to
influence the genetic risk of overweight and obesity (Qi, Q. et al., 2012; Qi, Qibin et al., 2012; Qi
et al., 2014; Hruby et al., 2016). Nevertheless, the increasing prevalence of obesity over the years
points to the importance of environmental — modifiable variables, rather than genetic factors

(Hruby and Hu, 2015).

1.1.2. Lifestyle factors

Diet plays a crucial role in weight maintenance, as the main cause of overweight and obesity is
the positive energy balance (World Health Organization Obesity and overweight fact sheet,
2021). Various individual dietary factors have been found to affect body weight (Wadden et al.,

2012), such as a Western type dietary pattern (increased consumption of red meat, potatoes and
6



sugar and reduced consumption of fruits, vegetables, whole grains, nuts and yogurt), which may
augment the risk of overweight and obesity (Schulze et al., 2006; Mozaffarian et al., 2011; Hu,
2013; Fung et al., 2015). Nevertheless, more recent data show that factors such as macronutrient
composition and glycemic load may not have such a significant impact on body weight and
research focuses more on dietary habits such as restriction of caloric intake (for instance by
reducing portion sizes or energy density of food), meal timing, size and composition of breakfast
and dinner and intermittent fasting (Wadden et al., 2012; Xiao et al., 2019; Lopez-Minguez et al.,
2019; Welton et al., 2020). Adopting healthy eating habits and consuming the majority of calories
earlier in the day with a balanced breakfast, an early lunch and a light dinner may have a positive
impact on circadian rhythm and metabolism (Allison and Goel, 2018; Lopez-Minguez et al., 2019).
Intermittent fasting may also improve weight by affecting circadian rhythm and gene expression
related to fat and glucose metabolism. Moreover, it may reduce inflammation and oxidative

stress, interact with gut microbiome and improve insulin sensitivity (Stockman et al., 2018).

Another important lifestyle factor is physical activity, which may improve body weight through
its beneficial effect on energy expenditure, glucose and fat metabolism and inflammatory
processes (Soltani et al., 2020; Muscella et al., 2020). Overweight and obese people were
reported to have significantly lower levels of physical activity compared to normal-weight
individuals, which may also further increase their risk of obesity (Cassidy et al., 2017). In obese
people, physical activity was found to be associated with age, gender and ethnicity (lower
physical activity was reported for Hispanic ethnicity, male people and ages 18-34) (Tran et al.,
2020). Research has shown that 150-250 minutes of moderate exercise per week is associated
with weight loss or less weight gain (Wadden et al., 2012; Hruby and Hu, 2015) and the World
Health Organisation recommends 150-300 minutes of moderate-intensity, or 75-150 minutes of
vigorous-intensity aerobic physical activity for adults weekly (World Health Organization.
Guidelines on physical activity and sedentary behaviour. Geneva: World Health Organization,

2020.; Bull et al., 2020).

Limiting sedentary behaviour is also of great importance and it is distinct from physical inactivity,
as it includes not only lack of physical exercise but also increased sedentary activities such as
mental work/academic activities and screen-based tasks (television viewing and computer using)
(Cassidy et al., 2017; Panahi and Tremblay, 2018; Martinez-Ramos et al., 2018). Sedentary
activities may affect hormonal and neurophysiological pathways and influence dietary and stress
factors thus increasing the risk of overweight and obesity, even with adequate physical activity
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(Panahi and Tremblay, 2018). Although there is insufficient evidence to set specific
recommendations on the duration and frequency of sedentary activities, it is advised to reduce
sedentary time and increase physical activity (World Health Organization. Guidelines on physical

activity and sedentary behaviour. Geneva: World Health Organization, 2020.).

Another lifestyle factor associated with excess weight is sleep duration and quality (Ding et al.,
2018). Sleeping less than seven hours per night or poor sleep quality may induce changes in
eating habits (adoption of unhealthy eating patterns) and metabolism, imbalance of
appetite-controlling hormones and reinforcement of hedonic brain pathways, leading to
increased prevalence of obesity (St-Onge, 2017; Ding et al., 2018; Cooper et al., 2018; Kristicevié
et al., 2018). Lastly, the risk of overweight and obesity augments in proportion to alcohol
consumption, which affects appetite and fat oxidation (Shin, 2020; Kim et al., 2021; Traversy and
Chaput, 2015) and it is also associated with smoking, which may induce dyslipidemia and
endothelial dysfunction and increase insulin resistance and oxidative stress (Kim et al., 2016;

Watanabe et al., 2016; Harris et al., 2016; Mons et al., 2016).

1.1.3. Socioeconomic and demographic factors

Body weight is affected by the economic and educational status of both the individual and the
country. Until mid-20™ century the prevalence of overweight and obesity was higher in wealthier
classes. Nevertheless, over the past few decades, wealth has been negatively associated with
obesity, which is positively associated with low socioeconomic status of both the individual and
the neighbourhood surrounding, crime and racial isolation (Levine, 2011; Devaux and Sassi, 2013;
Hruby and Hu, 2015; N. C. D. Risk Factor Collaboration, 2019; Mohammed et al., 2019; Sallis et
al., 2020; Lam et al., 2021). Unemployment has also been reported to increase the risk of
overweight and obesity (Monsivais et al., 2015). As regards the educational status, the risk of
obesity decreases with increasing education level, a trend which seems to be more pronounced
amongst women (Ogden et al., 2017; Hsieh et al., 2020). In addition, the increasing trend of
obesity over the past few decades has been higher among people with lower educational status

(Hoffmann et al., 2017).

Regarding the economic status, it was initially reported that low socioeconomic status, inequality
(related with lack of knowledge and social support) and rural environment were associated with

increased risk of overweight and obesity in developed countries, whereas in developing countries
8



obesity was more prevalent in higher-income classes and urban environment. Nevertheless, as
the economy of developing countries improved, overweight and obesity became more prevalent
in the low socioeconomic classes of these countries (Leal and Chaix, 2011; Monteiro et al., 2004;
Glonti et al., 2016). In middle-income countries, for women with lower education, higher income
was associated with higher prevalence of obesity, whereas in women with higher education,

there was negative or no association between income and obesity (Aitsi-Selmi et al., 2014).

Geographical area is also important. In 2014 in Europe, the highest prevalence of overweight was
observed in Czech Republic, Hungary and Lithuania and the highest prevalence of obesity in
Slovenia, Estonia and the United Kingdom (Marques et al., 2017). In 2019, the highest obesity
rates were observed in Ireland, Malta, Estonia and Latvia for women and in Ireland, Malta,
Croatia and Hungary for men and the lowest obesity rates were noticed in Italy, Romania,
Bulgaria and Cyprus for women and in Italy, Romania, France and the Netherlands for men

(Eurostat, 2021).

As regards the effect of the built environment on obesity, higher rates of obesity have been
observed in rural areas due to lack of education and scarcity of services and weight management
programmes (Lundeen et al., 2018). Systematic reviews have reported a more consistent effect
of physical activity installations rather than food environment on the prevalence of obesity.
Increased fast-food exposure, urban sprawl and scarcity of mixed land use (which could enhance
physical activity by providing grocery stores, retail shops and other services within a walking
distance) are the most closely linked to excess body weight and obesity (Lam et al., 2021).
Conversely, residential density, pedestrian infrastructure, park proximity and traffic safety, which
indicate higher neighborhood walkability, reduce the risk of obesity (Sallis et al., 2020; Lam et al.,
2021).

Lastly, non-modifiable demographic risk factors for obesity include increasing age, non-Hispanic
black ethnicity and family history of obesity, cardiovascular and metabolic diseases (Mayega et

al., 2012; Corica et al., 2018; Centers for disease control and prevention, 2020b).



1.2. The project

1.2.1. Project background and limitations of current studies

Obesity is a constantly increasing global health problem, which affects the quality of life of
millions of people and it is associated with high morbidity and mortality. Nevertheless, as a
multifactorial disease, it is difficult to be prevented or treated. Therefore, it is important to
investigate its pathogenesis and the factors that lead to overweight and obesity or aggravate
these conditions (World Health Organization Obesity and overweight fact sheet, 2021; Lee et al.,

2019; Centers for disease control and prevention, 2020a; Diels et al., 2020; Hiils et al., 2021).

The literature includes a large number of studies on the risk factors for overweight and obesity.
Nevertheless, limitations due to study design of many of them or due to study sample being small
in size or consisting of a single gender, specific age groups or ethnicities do not allow pooling
results from different studies and drawing robust conclusions (Hu et al., 2003; Schulze et al.,
2006; Shahraki et al., 2012; Mayega et al., 2012; Fung et al., 2015). Even meta-analyses based on
a large number of studies have limitations such as samples taken from high income countries

only (Mohammed et al., 2019).

Also, many studies have investigated the association of solely one or two factors with overweight
and obesity, which does not allow multiple comparisons in order to evaluate how these factors
interact with one another or their effect size on these conditions (Lipek et al., 2015; Hruby and
Hu, 2015; Mohammed et al., 2019). In addition, some studies that included several factors did
not investigate their relative effect on obesity but only the unadjusted effect of each independent
variable (Rabin et al., 2007), whereas a few studies only evaluated the relative effect of a couple

of factors on obesity (Aitsi-Selmi et al., 2014; Wen et al., 2018).

The interaction between different variables and the heterogeneity of studies do not allow robust
conclusions to be drawn (Mackenbach et al., 2014; Lakerveld and Mackenbach, 2017). The
variation in study sample, variables and study design in previous research and the fact that the
risk factors for overweight and obesity may affect and change the impact size of one another,
increase the need for a more consistent future research on multiple variables simultaneously
that may also take into account the interaction between various confounders (McCormack and

Shiell, 2011; Hruby and Hu, 2015).
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1.2.2. Aim and objectives of the project

In order to examine the relative effect of several factors on overweight and obesity
simultaneously, this project used a large sample of both male and female adults from six
European countries from different geographical areas. The sample was chosen randomly from
low socioeconomic-status municipalities. The study collected data from medical history,
socioeconomic, demographic and lifestyle factors of the participants in order to perform multiple
comparisons and investigate the interaction between risk factors and their effect size on
overweight and obesity. The ultimate aim was to identify the major risk factors for overweight
and obesity amongst several lifestyle and sociodemographic data and determine the groups at
high risk in order to facilitate the design of prevention programmes and reduce the prevalence

of obesity.
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2. Methods

2.1. Study design and sample

This project used data from the “Feel4Diabetes” study, a cluster randomised trial (National
Clinical Trial number 02393872) conducted between 2015 and 2019, aiming in the identification
of risk factors for overweight and obesity and the promotion of a healthy lifestyle in order to
prevent obesity and type Il diabetes mellitus (Manios et al., 2018). This multicenter study used
the school setting, targeting the community and recruited adults and children from
approximately 12,000 families from six European countries. The people were recruited randomly
from low/middle-income countries (Bulgaria and Hungary) and from the lowest socioeconomic
tertile of high-income countries (Belgium and Finland) and high-income countries under austerity

measures (Greece and Spain) (Manios et al., 2018; Manios et al., 2020) (Table 2-1).

Table 2-1: The number of schools and families from each country that participated in the
“Feel4Diabetes” study.

Country Belgium Bulgaria  Finland Greece Hungary Spain Total
Number of participating 60 20 30 56 14 a1 291
schools

Number of participating

families 1798 3032 1506 2286 1867 1704 12193

All participating families went through two screening stages (Manios et al., 2020). The first stage
took place in the school setting using self-reported screening tools (“Finnish Diabetes Risk Score
FINDRISC” and other questionnaires) (Lindstrdom and Tuomilehto, 2003) (Appendix). The results
showed that 4,513 parents had a FINDRISC score above 10 and underwent a second screening
stage that included a detailed medical examination and an invitation to counselling courses. The
“Feel4Diabetes” intervention part was divided into two arms: the “all-families” arm that took
place in the school setting in collaboration with the local municipalities and included 12,193
families and the “high-risk families” arm, which included counselling sessions for families at high
risk of type Il diabetes mellitus, as identified by the “FINDRISC” questionnaire (Lindstrom and
Tuomilehto, 2003) and included 2,230 families (Manios et al., 2018; Manios et al., 2020).

This project used data from 19,761 adults from the first screening stage of the “Feel4Diabetes”

study (as described in chapter 2.3).
12



2.2. Ethical approval

The “Feel4Diabetes” study was conducted in accordance with the Declaration of Helsinki Ethical
Principles (World Medical Association, 2013) and the Convention on Human Rights and
Biomedicine developed by the Council of Europe (Dommel and Alexander, 1997). Ethical approval
was granted from the local ethics committee of all participating countries and signed consent

was obtained from all parents and caregivers (Manios et al., 2018; Manios et al., 2020).

2.3. Data collection

The “FINDRISC” questionnaire (Lindstrom and Tuomilehto, 2003) was used in order to obtain
data regarding the age of participants, lifestyle factors (daily physical activity and consumption
of fruits and vegetables) and medical history (current weight status, current or former regular
use of high blood pressure medication, high blood glucose in a health examination and family
history of type | or type Il diabetes mellitus) (Appendix). Additional data regarding socioeconomic
and demographic factors (gender, education, occupation, income security and region of
residence) were also collected using standardised questionnaires (Manios et al., 2018; Manios et

al., 2020; Anastasiou et al., 2020).

2.4. Statistical analysis

Statistical analysis was performed with the Statistical Package for Social Sciences (SPSS) 21.0
statistics software (Chicago, USA). A probability value of p <0.05 was considered statistically
significant. The categorical variables were expressed as relative frequencies (%) and the
continuous variables as mean * standard deviation. The Kolmogorov-Smirnoff test was used to
assess the distribution of the variables. The association between sociodemographic, lifestyle and
medical factors with overweight and obesity was initially evaluated with univariate regression
analysis. The factors that were found to be statistically significant were then included in the
multivariate regression analysis (two-tailed statistical tests) in order to identify the ones that
retained their statistical significance with overweight and obesity in the presence of the other

variables that were used in the multivariate model.
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3. Results

3.1. Descriptive statistics

The study sample consisted of 19,761 adults, with a slight female to male preponderance (1.2:1).
Approximately 50% of them were either overweight or obese. The main characteristics of the

participants are summarised in Table 3-1.
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Table 3-1: Descriptive statistics of the study sample.

Variables!

Sociodemographic factors

Age
Gender
Education
Occupation

Income insecurity

Region of residence

Lifestyle factors
Fruits and vegetables

Physical activity
(=230 min/day)

Medical history

Blood pressure medication

High blood glucose

Family history of diabetes
mellitus (type | or type Il)

Weight status

L variables are presented as n (%) (N: sample size, BMI: body mass index)

<45 years

>45 years

Female

Male

<14 years

>14 years

Unemployed

Employed

Yes

No

Northern Europe (Belgium & Finland)
Southern Europe (Greece & Spain)
Eastern Europe (Bulgaria & Hungary)

Every day
Not every day
Yes

No

No

Yes

No

Yes

No

1°t degree relatives (parent, brother,
sister, own child)

2" degree relatives (grandparent, aunt,
uncle, first cousin)
Underweight/normal weight

(BMI <25 kg/m?)

Overweight (BMI =25-30 kg/m?)
Obesity (BMI >30 kg/m?)

Total sample
N =19,761
n (%)

85.0
15.0
54.7
45.3
47.1
52.9
14.8
85.2
47.0
53.0
27.6
30.7
41.7

70.2
29.8
79.1
20.9

89.7
10.3
89.5
10.5
61.5

20.1
18.4

50.9

33.7
15.4
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3.2. Univariate analysis

The independent association of individual sociodemographic, lifestyle and medical history factors
with overweight and obesity was initially evaluated with univariate regression analysis, in order

to identify the factors that had a statistically significant association with obesity (Table 3-2).

According to the analysis (Table 3-2), the risk of overweight and obesity increased by 1.9 times
for people above the age of 45 (odds ratio-OR 1.93, confidence intervals-Cl 1.78-2.09) and by 4.4
times for male compared to female participants (OR 4.41, 95% Cl 4.15-4.68).

High education level (above 14 years) and income security were associated with reduced risk of
overweight and obesity (OR 0.59, 95% Cl 0.56-0.63 and OR 0.74, 95% Cl 0.70-0.79 respectively),
whereas employment increased the risk of overweight and obesity by 1.2 times (OR 1.20, 95% ClI
1.11-1.30). Participants from the Eastern and Southern European countries (Bulgaria, Hungary,
Greece and Spain) had increased risk of overweight and obesity compared to participants from
the Northern European countries (Belgium and Finland) (OR 1.08, 95% CI 1.00-1.15 and OR 1.11,
95% Cl 1.03-1.20 respectively) (Table 3-2).

For individuals who did not engage in at least 30 minutes of daily physical activity or did not
consume fruits and vegetables every day, the risk of overweight and obesity increased by 1.35
and 1.38 times respectively (OR 1.35, 95% Cl 1.26-1.44 and OR 1.38, 95% Cl 1.30-1.47
respectively). Lastly, as regards the medical history, current or former regular use of high blood
pressure medication, high blood glucose in a health examination and family history of diabetes
mellitus in first-degree relatives were also associated with increased risk of overweight and
obesity (OR 3.25, 95% Cl 2.93-3.60, OR 1.46, 95% Cl 1.33-1.60 and OR 1.44, 95% ClI 1.34-1.55

respectively) (Table 3-2).
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Table 3-2: Univariate analysis of the correlates of overweight and obesity among adults in Europe.

Variables?
Sociodemographic factors
Age

Gender

Education

Occupation

Income insecurity

Region of residence

Lifestyle factors
Fruits and vegetables
Physical activity

(=30 min/day)
Medical history

Blood pressure medication

High blood glucose

Family history of diabetes
mellitus (type | or type Il)

<45 years

>45 years

Female

Male

<14 years

>14 years

Unemployed

Employed

Yes

No

Northern Europe (Belgium & Finland)
Southern Europe (Greece & Spain)
Eastern Europe (Bulgaria & Hungary)

Every day

Not every day
Yes

No

No

Yes

No

Yes

No

1°t degree relatives (parent, brother,
sister, own child)

2" degree relatives (grandparent, aunt,

uncle, first cousin)

Overweight/Obesity
Univariate analysis

N =19,761
OR (95% Cl)

1.00
1.93 (1.78-2.09)*
1.00
4.41 (4.15-4.68)*
1.00
0.59 (0.56-0.63)*
1.00
1.20 (1.11-1.30)*
1.00
0.74 (0.70-0.79)*
1.00
1.11 (1.03-1.20)*
1.08 (1.00-1.15)*

1.00
1.38 (1.30-1.47)*
1.00
1.35 (1.26-1.44)*

1.00
3.25 (2.93-3.60)*
1.00
1.46 (1.33-1.60)*
1.00

1.44 (1.34-1.55)*

1.00 (0.93-1.08)

2 Statistically significant odds ratios are highlighted, * p <0.05 (N: sample size; OR: odds ratio; Cl:

confidence intervals)
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3.3. Multivariate analysis

The factors that were found to be statistically significantly associated with overweight and
obesity in the univariate analysis were then included in the multivariate regression analysis,
which analysed all variables simultaneously in order to identify the ones that retain their
statistically significant association with overweight and obesity in the presence of the other

variables (Table 3-3).

According to the results of Table 3-3, male gender had the highest association with overweight
and obesity (OR 4.55, 95% Cl 4.26-4.87), followed by current or former regular use of high blood
pressure medication (OR 2.39, 95% Cl 2.13-2.67) and high blood glucose in a health examination
(OR 1.71, 95% Cl 1.54-1.89).

Physical activity of less than 30 minutes per day increased the risk of overweight and obesity by
1.5 times (OR 1.46, 95% Cl 1.35-1.57), similarly to first-degree relatives with diabetes mellitus
(OR 1.46, 95% ClI 1.35-1.58). Second-degree relatives with diabetes mellitus also increased the
risk of overweight and obesity but to a lesser extent (OR 1.18, 95% Cl 1.09-1.28). Also, people
above the age of 45 had 1.3 times higher risk of being overweight or obese (OR 1.30, 95% ClI 1.19-
1.42) (Table 3-3).

As regards high education level (above 14 years), income security and employment, they were
all associated with a reduced risk of overweight and obesity (OR 0.70, 95% Cl 0.66-0.75, OR 0.79,
95% Cl 0.74-0.84 and OR 0.84, 95% Cl 0.76-0.92 respectively). Moreover, participants from the
Eastern and Southern European countries (Bulgaria, Hungary, Greece and Spain) had lower risk
of being overweight or obese (OR 0.88, 95% Cl 0.81-0.95 and OR 0.90, 95% Cl 0.83-0.98
respectively) compared to participants from the Northern European countries (Belgium and
Finland). Lastly, in this multivariate model, daily consumption of fruits and vegetables was not

associated with overweight and obesity (p >0.05) (Table 3-3).
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Table 3-3: Multivariate analysis of the correlates of overweight and obesity among adults in Europe.

Variables®

Sociodemographic factors

Age
Gender
Education
Occupation

Income insecurity

Region of residence

Lifestyle factors
Fruits and vegetables
Physical activity

(=30 min/day)
Medical history

Blood pressure medication

High blood glucose

Family history of diabetes
mellitus (type | or type Il)

<45 years

>45 years

Female

Male

<14 years

>14 years

Unemployed

Employed

Yes

No

Northern Europe (Belgium & Finland)
Southern Europe (Greece & Spain)
Eastern Europe (Bulgaria & Hungary)

Every day

Not every day
Yes

No

No

Yes

No

Yes

No

1°t degree relatives (parent, brother,
sister, own child)

2" degree relatives (grandparent, aunt,

uncle, first cousin)

Overweight/Obesity
Multivariate analysis

N =19,761
OR (95% Cl)

1.00
1.30 (1.19-1.42)*
1.00
4.55 (4.26-4.87)*
1.00
0.70 (0.66-0.75)*
1.00
0.84 (0.76-0.92)*
1.00
0.79 (0.74-0.84)*
1.00
0.90 (0.83-0.98)*
0.88 (0.81-0.95)*

1.00

1.07 (1.00-1.15)
1.00

1.46 (1.35-1.57)*

1.00
2.39 (2.13-2.67)*
1.00
1.71 (1.54-1.89)*
1.00

1.46 (1.35-1.58)*

1.18 (1.09-1.28)*

3 Statistically significant odds ratios are highlighted, * p <0.05 (N: sample size; OR: odds ratio; Cl:

confidence intervals)
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4. Discussion

A diverse array of genetic, environmental and sociodemographic factors that may interact with
one another has been implicated in the risk of overweight and obesity (Lee et al., 2019; Diels et
al., 2020; Hdls et al., 2021). A deeper understanding of the effect of these factors on overweight
and obesity and the identification of the major ones that increase their prevalence will contribute
to the development of more targeted and effective prevention and treatment programmes to

reduce the worldwide burden of obesity.

This project identified sociodemographic, lifestyle and medical factors that have been reported
to be associated with overweight and obesity (Lee et al., 2019; Diels et al., 2020; Hiils et al., 2021)
and determined these variables in almost 20,000 adults from six European countries. It also
attempted to detect the factors that were statistically significantly associated with overweight

and obesity both independently and in a multivariate model.

The descriptive data of the study sample showed similar numbers of male and female
participants, with a slight female preponderance (1.2:1) (Table 3-1). Moreover, approximately
34% of the participants were overweight and 15% were obese, similar to the worldwide
percentages, according to the World Health Organisation (World Health Organization Obesity
and overweight fact sheet, 2021) (Table 3-1).

Univariate analysis was initially performed in order to detect the factors that were statistically
significantly associated with overweight and obesity. Then, a multivariate model analysed all the
statistically significant variables simultaneously, by taking into account probable overlapping of
the variables, in order to identify the factors that kept their statistically significant association
with overweight and obesity in the presence of the other variables (Petrill and Kovas, 2016;
Sherpa, 2021). The multivariate model showed that male gender was the most highly associated
with overweight and obesity, increasing the risk by almost 4.6 times, followed by current or
former regular use of high blood pressure medication, which increased the risk by 2.4 times
(Table 3-3). In descending order, high blood glucose in a health examination, history of diabetes
mellitus in first-degree relatives, daily physical activity of less than 30 minutes and age above 45
also increased the risk of overweight and obesity by 1.3-1.7 times. Second-degree relatives with
diabetes mellitus increased the risk of overweight and obesity by 1.2 times. Conversely, in
descending order, high education level (above 14 years), income security, employment and living

in the Eastern and Southern European countries (Bulgaria, Hungary, Greece and Spain) reduced
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the risk of overweight and obesity by 10-30%. Daily consumption of fruits and vegetables was

not associated with overweight and obesity in the multivariate model (Table 3-3).

Age above 45 was shown to increase the risk of overweight and obesity (Table 3-3). Aging is
followed by a decline in metabolic rate due to a decrease in skeletal muscle mass, redistribution
of fat resulting in low-grade systemic inflammation and hormonal imbalance, including resistance
to insulin and leptin (McKee and Morley, 2020; Rezus et al., 2020). Moreover, physical activity is
usually reduced with aging (Suryadinata et al., 2020) and if the energy intake is not adapted
accordingly, a positive energy balance is created (Romieu et al., 2017). These mechanisms may

explain the fact that the risk of obesity increases with increasing age.

As regards the association of gender with overweight and obesity, the results showed an
increased risk for men compared to women (Table 3-3). Although worldwide percentages of
overweight were reported to be similar for men and women (39% and 40% respectively) and
obesity was more prevalent in women (15%) compared with men (11%), in some countries
obesity is more prevalent in men (such as in the United States of America, the United Kingdom,
France and Germany) and in Europe the dynamics of obesity growth is higher for men (3.09% per
year) than women (1.92% per year) (Krzysztoszek et al., 2019; Kim and Shin, 2020; World Health
Organization Obesity and overweight fact sheet, 2021). Therefore, there is a variation in the

prevalence of overweight and obesity among men and women in different countries.

Regarding physical activity, the results of the multivariate analysis showed that less than 30
minutes of daily physical activity increased the risk of overweight and obesity by 1.5 times (Table
3-3). Physical activity has a positive impact on health and helps with weight loss or maintenance
(Swift et al., 2018; Willis et al., 2020). Therefore, it is reasonable that people who do not engage
to adequate physical activity are at higher risk of being overweight or obese (Niemiro et al.,
2021). Although not the most significant factor associated with overweight and obesity, it is
important for people to include some form of physical activity in their everyday life in order to
maintain a healthier body weight (Swift et al., 2018; Willis et al., 2020). The World Health
Organisation recommends 150-300 minutes of moderate intensity or 75-150 minutes of vigorous
intensity of weekly aerobic exercise for adults (World Health Organization. Guidelines on physical

activity and sedentary behaviour. Geneva: World Health Organization, 2020.; Bull et al., 2020).

Fruits and vegetables are linked to a healthy diet (Wallace et al., 2020) and to weight loss or

prevention of weight gain (Nour et al., 2018; Arnotti and Bamber, 2020). Although the univariate
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analysis showed an increase in the risk of overweight and obesity by 1.4 times when fruits and
vegetables were not consumed on a daily basis (Table 3-2), the multivariate analysis did not show
a statistically significant association (Table 3-3). It is possible that lack of daily consumption of
fruits and vegetables is not as significant for weight management as other factors. Recent data
have reported that factors such as restriction of caloric intake, meal timing, size and composition
of breakfast and dinner and intermittent fasting may play a more important role in weight
management and prevention of overweight and obesity (Wadden et al., 2012; Xiao et al., 2019;

Lopez-Minguez et al., 2019; Welton et al., 2020).

The multivariate analysis also showed that current or former regular intake of high blood
pressure medication, which indicates hypertension, increased the risk of overweight and obesity
by 2.4 times (Table 3-3). Although obesity is implicated in the development of hypertension, the
latter may also aggravate obesity through increased peripheral activity of the renin-angiotensin
system and reduced resting metabolism, leading to a vicious circle (Vanéckova et al., 2014;
Littlejohn et al., 2016; Fountain and Lappin, 2021). Moreover, high blood glucose in a health
examination was also found to be associated with a 1.7-times higher risk of overweight and
obesity. Similar to hypertension, although obesity is implicated in the development of type Il
diabetes mellitus, the latter may also aggravate obesity through insulin resistance, resulting in
increased deposition of fat in adipose tissue and other organs, leading to a vicious circle (Sears
and Perry, 2015; Siddiqui, 2018). In addition, history of diabetes mellitus in first- and
second-degree relatives augmented the risk of overweight and obesity by 1.5 and 1.2 times
respectively (Table 3-3). Possibly, people who have relatives with diabetes mellitus are more
prone to insulin resistance, which may also play a role in tissue fat deposition and obesity (Sears
and Perry, 2015; Siddiqui, 2018). Therefore, it is important to detect populations with diabetes
mellitus or hypertension, monitor their BMI and engage them in programmes for weight

maintenance or weight loss.

As regards education and income, the results showed that high education level (above 14 years)
and income security decreased the risk of overweight and obesity by approximately 20-30%
(Table 3-3). Moreover, although in the univariate model employment increased the risk of
overweight and obesity by 1.2 times (Table 3-2), the multivariate model, which analyses each
factor in the presence of other variables, showed that employed people had 16% lower risk of
being overweight or obese (Table 3-3). These results are in line with the latest research data,

stating that over the past few decades high education level and socioeconomic status have been
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inversely associated with obesity (Kim, 2016; Ogden et al., 2017; N. C. D. Risk Factor
Collaboration, 2019; Mohammed et al., 2019; Hsieh et al., 2020). Possibly, education and
employment may provide confidence and a higher income may ensure access to healthier food
and physical activity facilities. During the recent economic development of countries, a significant
increase in the prevalence of overweight and obesity in the lower economic classes has been
observed. Unemployment and low income may increase the risk of obesity and conversely obese
people tend to have a greater risk of unemployment and lower income (Monsivais et al., 2015;
Kim and von dem Knesebeck, 2018; Templin et al., 2019; Norrback et al., 2019). This reverse
causality highlights the need to address the most prevalent driving factors for overweight and

obesity, in order to inhibit the vicious circle of low socioeconomic status — obesity.

The multivariate model, in which all statistically significant variables were added in the equation,
showed that participants from Greece, Spain, Bulgaria and Hungary had about 10% lower risk of
being overweight or obese compared to participants from Belgium and Finland (Table 3-3). There
are several factors that could play a role in this variability of overweight and obesity amongst
countries: environmental factors such as flat or inclined terrain that may affect the ways people
commute and the weather or the presence of mountains, valleys and lakes that may influence
agriculture, cultural factors such as customs, traditions, nutritional patterns and physical exercise
habits, the educational and socioeconomic status and the mean age and genetic characteristics
of the population (Blundell et al., 2017). Moreover, the rates of obesity do not follow the same
trend in all countries, so it is important to focus on the populations that show the highest

prevalence of obesity in order to decelerate their increasing rates (Janssen et al., 2020).

Overall, this project has identified the socioeconomic, medical and lifestyle risk factors for
overweight and obesity that remain statistically significant in the presence of multiple variables.
The modifiable factors more highly associated with overweight and obesity were current or
former regular use of high blood pressure medication, high blood glucose in a health examination
and inadequate daily physical activity (less than 30 minutes). Campaigns to inform people about
obesity and its risk factors, as well as the importance of physical activity should be organised and
populations at high risk of hypertension and diabetes mellitus should be monitored, in an effort
to prevent these conditions and the subsequent increase in the risk of obesity. Education,
employment and income security decrease the risk of overweight and obesity. This fact
emphasises the need to address illiteracy and unemployment, offer psychological support and
assure access of the population to healthy food options and physical activity installations.
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Addressing the above-mentioned modifiable risk factors is important not only to reduce the
prevalence of overweight and obesity but also because obesity can aggravate medical conditions
(such as hypertension and diabetes mellitus) and can have an impact in various aspects of life
(such as the opportunity for a high-income occupation), leading to a vicious circle. Male gender,
the presence of diabetes mellitus in first- and second-degree relatives and increasing age are
non-modifiable factors that may also increase the risk of overweight and obesity, which highlights
the need to focus on these groups when organising campaigns to prevent obesity. As
programmes for prevention and management of obesity are expensive and difficult to implement
for the world population, this study suggests that priority should be given to the high-risk groups,
in order to organise more targeted and effective health and weight management programmes
and facilitate the worldwide effort to reduce the prevalence of obesity. Lastly, the variation of
overweight and obesity rates amongst countries emphasises the complexity of driving factors of
obesity and the need for prevention and management programmes that focus on the populations

showing the highest obesity rates.

Limitations of the project include the fact that, as a cross-sectional study, it shows the association
of obesity risk factors with overweight and obesity without being able to establish a causal
relationship. Moreover, the existence of self-reported data, such as duration of daily physical
activity, may be subject to the introspective ability and honesty of participants. Strengths of the
study include the simultaneous analysis of multiple risk factors for overweight and obesity, the
large sample from six countries of Northern, Eastern and Southern Europe and the use of
standardised protocols and questionnaires from all data collection centres (Manios et al., 2018;

Manios et al., 2020; Anastasiou et al., 2020).

In brief, this project found that male gender, age above 45, reduced physical activity, current or
former regular use of high blood pressure medication, high blood glucose in a health
examination, history of diabetes mellitus in first- and second-degree relatives, unemployment,
low education level, income insecurity and living in the Northern European countries (Belgium
and Finland) are associated with higher risk of overweight and obesity in adults from families at
increased risk of type Il diabetes mellitus. Future prevention and management programmes for
obesity are recommended to focus on populations in greater need and prioritise the most
vulnerable groups, such as people at increased risk of type Il diabetes mellitus and other chronic

diseases, in order to address obesity more effectively.
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6. Appendix

The Finnish Diabetes Risk Score (FINDRISC)
W Finnish Diabetes Association

TYPE 2 DIABETES RISK ASSESSMENT FORM

Circle the right alternative and add up your points.

1.Age

0 p. Under 45 years
2p. 45-54 years
3p. 55-64 years

4 p. Over 64 years

2. Body-mass index

(See reverse of form)

0p. Lower than 25 kg/m?
1p. 25-30 kg/m?

3p. Higher than 30 kg/m?

3. Waist circumference measured below the ribs
(usually at the level of the navel)
MEN WOMEN
0p. Lessthan 94 cm Less than 80 cm
3p. 94-102 cm 80-88 cm
4 p.  More than 102 cm More than 88 cm

| 4
§

4. Do you usually have daily at least 30 minutes
of physical activity at work and/or during leisure
time (including normal daily activity)?

0p. Yes

2p. No

5. How often do you eat vegetables, fruit or
berries?

0p. Every day

1p. Not every day

. Lower than 7

6. Have you ever taken medication for high
blood pressure on regular basis?

0p No
2p Yes

7. Have you ever been found to have high blood
glucose (eg in a health examination, during an
illness, during pregnancy)?

0p No
5p Yes

8. Have any of the members of your inmediate
family or other relatives been diagnosed with
diabetes (type 1 or type 2)?

0p No

3p Yes: grandparent, aunt, uncle or first
cousin (but no own parent, brother, sister
or child)
Yes: parent, brother, sister or own child

Total Risk Score

The risk of developing
type 2 diabetes within 10 years is

Low: estimated 1 in 100
will develop disease

© -1 Slightly elevated:

estimated 1 in 25
will develop disease

T 12-14 Moderate: estimated 1 in 6

will develop disease

¢ 15-20 High: estimated 1 in 3

will develop disease

Higher Very high:
than 20 estimated 1in 2

will develop disease

Please turn over

Test designed by Professor laakko Tuomilehto, Department of Public Health, University of Hekinki, and Jaana Lindstrém, MFS, National Public Health Institute,
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w Finnish Diabetes Association

WHAT CAN YOU DO

TO LOWER YOUR RISK OF DEVELOPING TYPE 2 DIABETES?

You can't do anything about your age or your genetic
predisposition. On the other hand, the rest of the fac-
tors predisposing to diabetes, such as overweightness,
abdominal obesity, sedentary lifestyle, eating habits
and smoking, are up to you. Your lifestyle choices can
completely prevent type 2 diabetes or at least delay its
onset until a much greater age.

If there is diabetes in your family, you should be care-

ful not to put on weight over the years. Growth of the
waistline, in particular, increases the risk of diabetes,
whereas regular moderate physical activity will lower the
risk. You should also pay attention to your diet: take care
to eat plenty of fibre-rich cereal products and vegetables
every day. Omit excess hard fats from your diet and fa-
vour soft vegetable fats.

BODY-MASS INDEX

Early stages of type 2 diabetes seldom cause any
symptoms. If you scorad 12-14 points in the Risk Test,
you would be well advised to seriously consider your
physical activity and eating habits and pay attention
to your weight, to prevent yourself from developing
diabetes. Please contact a public-health nurse or your
own doctor for further guidance and tests.

If you scored 15 points or more in the Risk Test, you

should have your blood glucose measured (both fast-
ing value and value after a dose of glucose or a meal)
to determine if you have diabetes without symptoms.

The body-mass index is used to assess whether a
person is normal weight or not. The index is calculated
by dividing body weight (kg) by the square of body
height (m). For example, if your height is 165 cm and
your weight 70 kg, your body-mass index will be
70/(1.65 x 1.65), or 25.7.

BODY-MASS INDEX CHART

If your body-mass indeax is 25-30, you will benefit
from losing weight; at least you should take care
that your weight doesn't increase beyond this. If
your body-mass index is higher than 30, the adverse
health effects of obesity will start to show, and it
will be essential to lose weight.

Height (am)
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S 52 54 58
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SEEEEEEE oMY EEEY
EREEEEEEIROFY RN MNERBURR R
TEARSEEEEBIEI RN R HNNERELE R
SESrbEEEE T Y ERE YN B Y
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(Lindstrém and Tuomilehto, 2003; Type 2 diabetes risk assessment form, c2021)

SURBELLS BB HEUY



