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ABSTRACT

The prevalence of childhood overweight/obesity has dramatically increased
worldwide, being Spain one of the European countries with the highest prevalence. The
growing prevalence of overweight/obesity in children is of major public health concern due to
its increased risk of morbidity and mortality. Excess of adiposity, and particularly visceral
adiposity, is associated with cardiovascular disease (CVD) risk factors, such as insulin
resistance, hypertension, dyslipidaemia and hepatic steatosis. Thereby, obesity increases the
risk of developing CVD, type 2 diabetes (T2D) and non-alcoholic fatty liver disease (NAFLD).
Metabolic syndrome (MetS) encompasses the condition where the previously mentioned CVD
risk factors appear together, and NAFLD is considered its hepatic manifestation. Interestingly,
there also exists a subgroup of patients that despite having obesity, they do not present
obesity-related comorbidities. This condition is known as metabolically healthy obesity (MHO)

and little is known about the factors involved in this healthy metabolic phenotype in children.

Healthy lifestyle habits have been shown to protect cardiovascular health. Evidence
suggests that while Mediterranean dietary pattern (MDP) seems to prevent CVD, sugar-rich
foods, and particularly, sugar-sweetened beverages (SSB), might promote hepatic fat
deposition by leading to hepatic steatosis and NAFLD progression. Breakfast consumption has
been also considered as an important obesity-preventing strategy. Physical activity also
protects cardiovascular health, as it is established that its regular practice improves
cardiorespiratory fitness (CRP), a powerful marker of cardiovascular health. Therefore, lifestyle
interventions focused on the promotion of both healthy diet and physical activity are crucial
for the prevention and treatment of obesity-related comorbidities in children with
overweight/obesity. Nonetheless, sugar-rich and fibre-and nutrient-poor diets, as well as
skipping breakfast or having an unhealthy one, are common in paediatric population.

Considering that children are still acquiring and establishing their habits, lifestyle changes for
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the adoption of healthy habits are more likely to succeed in childhood. In this line, nutritional
education can be an appropriate tool to encourage children to learn how to make healthier
dietary choices in order to make an improvement in their energy balance and body

composition.

Our hypothesis is that MDP and eating behaviours as having a healthy breakfast will
prevent adiposity and its related comorbidities in children. In contrast, energy-dense diets
based on the consumption of ultra-processed foods and SSB will negatively influence liver and
cardiovascular health of overweight/obese children. Furthermore, healthy lifestyle programs
based on nutritional education and physical activity promotion might improve dietary habits of
children with overweight/obesity by increasing the awareness and knowledge between

lifestyle and health of both children and parents.

However, most of studies examining the influence of dietary habits on hepatic
steatosis and cardiovascular health are in adults, and the evidence in children with
overweight/obesity is scarce. Therefore, the aims of the current International Doctoral Thesis
were the following: 1) to examine the associations of the adherence to the MDP and CRP with
total and central adiposity in preschool children; 2) to examine the adherence to the MDP in
metabolically healthy and unhealthy overweight/obese European adolescents; 3) to analyze
the associations of breakfast quality and energy density from both solids and beverages with
CVD risk factors, and to explore whether physical activity levels may attenuate these
relationships in children with overweight/obesity from the north and south of Spain; 4) to
examine the association of food and food components, dairy desserts and substitutes (DDS),
SSB, as well as total and added sugars, with hepatic fat and insulin resistance in children with
overweight/obesity; and 5) to explore the effectiveness of a 22-week family-based lifestyle

education program on dietary habits, and to analyze the associations of changes in dietary
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intake with the reductions of percent hepatic fat and adiposity in children with

overweight/obesity.

Five works were carried out in the background of the HELENA and the PREFIT cross-
sectional studies, together with EFIGRO, PREDIKID and ActiveBrains trials in order to address
the established aims. The conclusions from the current Thesis are: 1) high adherence to the
MDP might prevent pre-school children from abdominal adiposity and later CVD, whereas high
CRP seems to have benefits not only preventing abdominal adiposity, but also total adiposity in
pre-school children. These findings highlight the importance of promoting a healthy lifestyle
including a MDP and physical activity since early childhood; I1) high adherence to the MDP and
its components, such as the intake of fish, seem to have a protective role against adiposity-
related cardiovascular risk factors development in adolescents with overweight/obesity,
leading to present a MHO phenotype. Moreover, CRP may also play a key role in the healthy
metabolic phenotype, Ill) breakfast with high quality and with low energy density from both
solids and beverages might be beneficial to prevent CVD risk factors in children with
overweight/obesity. Therefore, besides breakfast components and its quality, breakfast energy
density should also be as an additional dimension in nutrition-based education programs for
an early prevention of CVD risk factors; IV) A diet moderate in cereals intake and low in SSB
and their sugars content seems to be related to lower hepatic fat content in children with
overweight/obesity. A 22-week family-based healthy lifestyle program mostly focused on
nutritional education is effective on improving dietary habits and reducing SSB consumption in
8-12 years-old children with overweight/obesity. In addition, the reduction of SSB
consumption was shown to be effective on reducing hepatic fat content in these children, by
supporting the detrimental effects of sugary drinks on hepatic steatosis. Interventions in
children with overweight/obesity should include specific strategies focused on the reduction
and avoidance of SSB for the prevention and treatment of hepatic steatosis and its consequent
CVD comorbidities.
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The findings from the present Thesis might have clinical implications in the design and
development of future healthy lifestyle education programs focused on the prevention of
obesity and its related comorbidities. Nutritional education programs should include contents
targeting the promotion of MDP, the consumption of a healthy breakfast, a diet low in total
and added sugars and, particularly, SSB avoidance, for the prevention and treatment of
obesity, hepatic steatosis and CVD risk factors in children. Altogether, health policies targeting
healthy lifestyle promotion and sugar-rich food and beverages advertising restriction might
additionally help to prevent and tackle obesity, hepatic steatosis and CVD, together with

increasing the well-being of people and reducing the public health costs.
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LABURPENA

Haurtzaroko gainpisua/obesitatearen prebalentzia nabarmenki handitu da munduan
zehar, prebalentzia handiena duen Europako herrialdeetako bat Espainia delarik. Haur
gainpisua/obesitateak erikotarsun eta hilkortasun arriskua areagotzen duenez, honen

prebalentziaren gorakadak kezka nagusia suposatzen du osasun publikoarentzat.

Gehiegizko adipositatea, eta bereziki erraietako adipositatea, insulinarekiko
erresistentzia, hipertentsioa, dislipemiak eta esteatosi hepatikoa bezalako gaixotasun
kardiobaskularraren (GKB) arrisku faktoreekin lotuta dago. Horrela, obesitateak GKB, 2 motako
diabetea eta gibel koipetsu ez-alkoholikoa garatzekoarriskua areagotzen du. Aurrez aipatutako
GKB arrisku faktoreen agerpen bateratua ematen den baldintzari sindrome metabolikoa
deritzo, eta gibel koipetsu ez-alkoholikoa (ingelesez NAFLD; non-alcoholic fatty liver disease)

honakoaren gibeleko adierazpena kontsideratzen da.

Interesgarriki, badago obesitatea izan arren, obesitateari lotzen zaizkion
komorbilitateak pairatzen ez dituen pertsonen azpitalde bat. Honako baldintza hau
metabolikoki osasuntsua den obesitatea izendatzen da, eta haurrei dagokienez, metabolikoki

osasuntsua den fenotipo honen eragileen inguruan ez da gehiegi ezagutzen.

Elikadura-ohitura osasuntsuek osasun kardiobaskularra babesten dutela ikusi da.
Ebidentzian oinarrituz, patroi dietetiko Mediterranearrak (PDM) GKB prebenitzen duela
dirudien bitartean, azukreetan aberatsak diren elikagaiek, eta bereziki, azukredun edariek
gibeleko gantz pilaketa sustatzen dute, esteatosi hepatikoa eta NAFLD-en progresioa eraginez.
Gosariaren kontsumoa ere obesitatea prebenitzeko estrategia garrantzitsua kontsideratu izan
da. Bestalde, ariketa fisikoak osasun kardiobaskularra babesten du; izan ere, bere jarduera
erregularrak osasun kardiobaskularraren markatzaile garrantzitsua den bihotz-arnas gaitasuna

hobetzen du. Hori dela eta, gainpisua/obesitatea duten haurrei bideratutako elikadura
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osasuntsuan eta ariketa fisikoaren sustapenean oinarritzen diren bizi-ohituren esku-hartze
programak ezinbestekoak dira obesitateari loturiko erikortasunaren prebentzio eta
tratamendurako. Hala ere, azukreetan aberatsak eta zuntz eta mantenugaietan urriak diren
dietak, ez gosaltzea edota gosaria ez-osasungarria izatea ohikoak dira haurretan. Haurren
kasuan, oraindik beraien ohiturak bereganatzen eta finkatzen ari direla aintzat hartuta,
haurtzaroan kokatzen diren bizi-ohitura osasungarriak barneratzeko bizi-ohituren aldaketek
arrakasta gehiagoizateko aukera handiagoa izaten dute. Honen harira, hezkuntza nutrizionala
tresna egokia izan liteke haurrek elikagai-aukera osasungarriagoak egiten ikas dezaten, eta

oreka energetikoa eta gorputz-konposizioa hobetzeko helburua oinarriizanik.

Gure hipotesia PDM jarraitzeak eta modu osasungarrian gosaltzeak haurren gehiegizko
gantz-pilaketa eta honi loturiko konplikazioak prebenituko lituzkeela da. Elikagai ultra-
prozesatu eta azukredun edarien kontsumoan oinarritutako energetikoki dentsoak diren
dietek, ordea, gainpisua/obesitatea duten haurren gibel osasuna eta osasun
kardiobaskularrean modu negatiboan eragingo lukete. Gainera, hezkuntza nutrizionalean eta
ariketa fisikoaren sustapenean oinarritutako bizi-ohituren esku-hartze programek bizi-ohiturak
eta osasunaren arteko harremanaren inguruko kontzientzia eta ezagutza handituko luke haur
zein gurasoetan. Ildo honetatik abiatuz, horrelako esku-hartze programek gainpisua/obesitatea

duten haurren elikadura-ohiturak hobe litzakete.

Dena den, elikadura-ohiturek esteatosi hepatikoan eta osasun kardiobaskularrean
duten eragina aztertzen duten ikerlan gehienak helduetan izaten dira, haurrei dagokien
ebidentzia urria delarik. Horregatik, honako Nazioarteko Doktorego Tesiaren helburuak
ondorengoak dira: 1) PDM-ren atxikidura eta bihotz-hodiko gaitasuna eta eskolaurreko
haurren adipositate totala eta zentralaren arteko erlazioak aztertzea; 2) PDM-ren atxikidura
aztertzea metabolikoki osasuntsua eta metabolikoki ez-osasuntsua den gainpisua/obesitatea

pairatzen duten Europako nerabeetan; 3) gosariaren kalitatea eta solido zein likidoen
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dentsitate energetikoa arrisku faktore kardiobaskularrekin erlazionatzea; eta ariketa fisiko
mailak erlazio hauek arindu ditzakeen aztertzea gainpisua/obesitatea pairatzen duten
Espainiako iparralde eta hegoaldeko haurretan; 4) elikagai eta elikagaien konposatuak, esneki-
postre eta ordezkoak, azukredun edariak eta azukre total zein gehitutakoek gibeleko gantza
eta intsulinarekiko erresistentziarekin duten erlazioa aztertzea gainpisua/obesitatea duten
haurretan; eta 5) bizi-ohituren hezkuntza programa familiar batek 22 astetan elikadura
ohituretan duen eragina ikertzea, eta elikadura ohituretan emandako aldaketak gibeleko

gantza eta adipositatean murrizketarekin erlazionatzea gainpisua/obesitatea duten haurretan.

Ezarritako helburu hauek jorratzeko HELENA eta PREFIT izeneko zeharkako ikerketak,
eta EFIGRO, PREDIKID eta ActiveBrains esku-hartze ikerketak batzen dituen testuingurua erabili
da. Tesi honen ondorioak ondorengoak dira: |) PDM-kiko atxikidurak eskolaurreko haurrak
gantz-pilaketa abdominala eta etorkizuneko GKB izatea prebeni lezakeen bitartean, bihotz-
arnas gaitasunak gantz-pilaketa abdominala zein totala prebenitzeko onurak izan litzake.
Aurkikuntza hauek PDM eta ariketa fisikoa barnebiltzen dituen txikitatik bizi-ohitura
osasungarriak sustatzearen garrantzia azpimarratzen dute; I11) PDM-kiko atxikidurak eta arraina
bezalako dietako elikagaiek adipositateari loturiko GKB-ren arrisku faktoreen garapenaren
aurrean funtzio babesgarria izan dezateke gainpisua/obesitatea pairatzen duten nerabeetan,
metabolikoki osasuntsua den obesitatea izatera daramalarik. Era berean, bihotz-arnas
gaitasunak ere rol garrantzitsua bete lezake metabolikoki osasuntsua den fenotipoan; III)
Kalitate altuko eta solido zein edari jatorriko dentsitate energetiko baxuko gosaria GKB-ren
arrisku faktoreak prebenitzeko onuragarria izan liteke gainpisua/obesitatea pairatzen duten
haurretan. Ondorioz, gosariaren osagaiak eta honakoaren kalitateaz haratago, gosariaren
dentsitate energetikoa ere oinarri nutrizionaleko hezkuntza programetan dimentsio
gehigarritzat hartu beharko litzateke GKB-ren arrisku faktoreen prebentzio goiztiarra
bermatzeko; IV) Zerealen neurrizko kontsumoa duen eta azukredun edarietan eta hauen
azukre edukian urria den dieta bat gibeleko gantz-pilaketa txikiago batekin erlazionatzen da
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gainpisua/obesitatea duten haurretan. Hezkuntza nutrizionalean oinarritutako 22 astetako
bizi-ohituren hezkuntza programa familiar bat elikadura-ohiturak hobetzeko eta azukredun
edarien kontsumoa murrizteko eraginkorra izan daiteke gainpisua/obesitatea pairatzen duten
8-12 urte bitarteko haurretan. Horrez gain, azukredun edarien kontsumoaren murrizketa haur
hauen gibeleko gantz edukia murrizteko eraginkorra dela behatu da, azukreetan aberatsak
diren  edariek esteatosi hepatikoan duten eragin kaltegarria azpimarratuz.
Gainpisua/obesitatea pairatzen duten haurrei bideratutako esteatosi hepatikoaren eta GKB-
ren prebentzioa helburu duten eta esku-hartze programek azukredun edarien kontsumoaren

murrizketa eta ekiditean oinarritutako berariazko estrategiak barnebildu beharko lituzkete.

Tesi honen aurkikuntzek obesitatea eta ondoriozko konplikazioen prebentzioa helburu
duten etorkizuneko bizi-ohitura osasungarrien esku-hartze programen diseinua eta
garapenerako inplikazio klinikoak izan ditzake. Haurrei zuzendutako hezkuntza nutrizionaleko
programek PDM, gosari osasungarria, azukre eta gehitutako azukreetan urria den dieta, eta
bereziki, azukredun edarien saihestea sustatzen duten edukiak barnebildu beharko lituzkete
obesitatea, esteatosi hepatikoa eta GKB-ren arrisku faktoreen haurren prebentzio eta

tratamendurako.

Bizi-ohitura osasungarriak eta azukreetan aberatsak diren elikagaien iragarkien
murrizketak helburu dituzten osasun politikek obesitatea, esteatosi hepatikoa eta GKB
prebenitu eta hauei aurre egiten lagun lezakete. Ekimen hauek pertsonen ongizatea areagotu

ez ezik, osasun publikoaren gastua ere murriztuko lukete.
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LIST OF ABBREVIATIONS

ALT, Alanine aminotransferase

AST, Aspartate aminotransferase

BEDDb, Energy density from beverages

BEDs, Energy density from solids

BMI, Body Mass Index

BQl, Breakfast Quality Index

CRF, Cardiorespiratory fitness

CVD, Cardiovascular disease

DASH, Dietary Approaches to Stop Hypertension

DBP, Diastolic blood pressure

DDS, Dairy products desserts and substitutes

DXA, Dual energy X-ray absorptiometry

EFIGRO, The effect of exercise on hepatic fat in children

EME 410, Evening/morning energy ratio

FMI, Fat Mass Index

F+V, Fruits and vegetables

GGT, Gamma-glutamyl transferase

GKB, Gaixotasun kardiobaskularrak

HDI, Healthy diet indicator

HDL-c, High density lipoprotein cholesterol

HELENA, Healthy Lifestyle in Europe by Nutrition in Adolescence
HOMA-IR, Homeostasis model assessment for insulin resistance
IR, Insulin resistance

KIDMED, Mediterranean diet quality index for children and teenagers
LDL-c, Low density lipoprotein cholesterol

MDP, Mediterraneandietary pattern
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MetS, Metabolic syndrome

MHO, Metabolically healthy obesity
MRI, Magnetic resonance imaging

MRS, Magnetic resonance spectroscopy
MUFA, Monounsaturated fatty acids
MUO, Metabolically unhealthy obesity
MVPA, Moderate-to-vigorous physical activity
NAFLD, Non-alcoholic fatty liver disease
NASH, Non-alcoholic steatohepatitis
PA, Physical activity

PDM, Patroidietetiko mediterranearra
PREDIKID, Prevention of diabetes in kids
PREFIT, Assessing fitness in preschoolers
SAT, Subcutaneous adipose tissue

SBP, Systolic blood pressure

SFA, Saturatedfattyacids

SSB, Sugar-sweetened beverages

TG, Triglycerides

T2D, Type 2 diabetes

VAT, Visceral adipose tissue

VLDL, Very low density lipoprotein
WHO, World Health Organization

WOF, World Obesity Federation
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1.GENERAL INTRODUCTION
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1.1. Childhood overweight and obesity

1.1.1. Prevalenceof childhood overweight and obesity

The worldwide prevalence of overweight/obesity in children and adolescents has
dramatically increased in the last few decades, becoming a public health concern (1). Thus, in
2019, 38.2 million children under the age of 5 years were overweight/obese all over the world
(2). In 2016, 18% of children and adolescents aged 5-19 years-old (340 million) were
overweight/obese, far away from the 4% of overweight/obesity prevalence reported in 1975

(2).

Europe shows no better picture. Although the overall prevalence of
overweight/obesity in children below the age of 10 years is around 20% according to the
IDEFICS study, it ranges from 10% in northern European countries to up to 40% in the southern
ones (3). These data collected between 2007 and 2010, placed Spain in the third position of
highest obesity rates in Europe after Italy and Cyprus, being all of them Mediterranean-region
countries. Few years later, the prevalence of overweight/obesity in Spain was reported to be
close to 40% (26% and 12.6% for overweight and obesity, respectively), with an alarming

prevalence of 45% in children aged 8-13 years (4).

The World Obesity Federation Obesity states that obesity is a chronic relapsing disease
process (5). In addition, according to a systematic review and meta-analysis, children and
adolescents with obesity are around five times more likely to be obese in their adulthood

compared to non-obese ones (6).

33

Universidad Publica de Navarra
Nafarroako Unibertsitate Publikoa



Girls living with either overweight or obesity, Newest available data
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Boys living with either overweight or obesity, Newest available data
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These maps include the most accurate and appropriate data available to us as the time of production. The maps only display data from surveys using measured heights and weights. Due to differences in
survey methodology not all surveys are directly comparable and maps should be interpreted with care. Further survey detaile and references are available on the individual country pages.

lllustration 1. The worldwide prevalence of overweight/obesity in girls (above) and boys
(below) across countries. Presentation map obtained from the Global Obesity Observator,

World Obesity Federation (7).
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1.2. Adiposity-related comorbidities

The public health concern regarding the increasing prevalence of obesity is based on
its increased risk of morbidity and mortality. Obesity leads to a wide range of physical and
psychological consequences including cardiovascular diseases (CVD), type 2 diabetes (T2D),
musculoskeletal disorders, certain types of cancer as well as low self-esteem and psychological
problems (8,9). The risk of developing obesity-related non-communicable diseases depends
partially on the age of the onset of obesity (10). The duration of obesity also matters, since the
number of years lived with obesity has been positively associated with CVD (11). According to
the Global Burden of Disease, it is estimated that by 2025, 268 and 91 million of children aged
5-17 years will present overweight and obesity, respectively; 38 million will suffer hepatic
steatosis; 27 million hypertension; 12 million impaired glucose tolerance; as well as 4 million of

children will have T2D (12).

1.3. Metabolic syndrome

Metabolic syndrome (MetS) refers to the condition where a cluster of CVD risk factors
such as obesity, insulin resistance, hypertension and dyslipidaemia appear together.
Moreover, as obesity is involved in the development of the majority of the following CVD risk

factors, these health consequences are also known as obesity-related comorbidities.

There are several criteria to classify MetS in children, but all of them include some
estimate of the glucose metabolism (such as having diabetes mellitus, impaired fasting
glucose, impaired glucose tolerance or insulin resistance), lipid metabolism (such as total
cholesterol, high density lipoprotein cholesterol (HDL-c), low lipoprotein cholesterol (LDL-c),
triglycerides (TG)), abdominal adiposity (waist circumference, waist-to-hip ratio) and blood
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pressure (systolic blood pressure (SBP) and/or diastolic blood pressure (DBP), mean arterial

pressure).

Furthermore, the inclusion of hepatic steatosis has recently been proposed as an
additional component in the definition of the MetS (13), as usually has been shown to present
together with the aforementioned CVD risk factors. The description and prevalence of each

CVD or MetS components is detailed in the following lines.

1.3.1. Visceral adiposity

There is strong evidence that excess adiposity negatively influences cardiovascular
health (14). However, adiposity-related comorbidities mostly depend on body fat distribution
(15). Precisely, fat accumulation in the abdominal region, which is known as abdominal or
central adiposity, is associated with a greater CVD risk already in childhood (16,17). Waist
circumference has been shown to be a good indicator of abdominal fat content, and
consequently, it is also an independent indicator of insulin resistance, dyslipidaemia and
hypertension in both children and adults (18). Therefore, waist circumference is included in

the screening criteria for metabolic syndrome in children (19).

In addition, body fat can be stored in different ways within the abdominal adipose
tissue and this leads to a distinction in the metabolic activity and disease risk. Visceral adipose
tissue (VAT) refers to the body fat located within the abdominal cavity around the visceral
organs. VAT is related to a worse metabolic profile compared to the adipose tissue beneath
the skin, which is known as subcutaneous adipose tissue (SAT) (20). Actually, SAT might
prejudicially expand beyond principal fat depots causing ectopic fat deposition in other organs,

such as the liver, by affecting negatively metabolic homeostasis (15,21).
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1.3.2. Insulin resistance

The decrease on the response to insulin or low insulin sensitivity is known as insulin
resistance (IR), which is a complex metabolic disorder involved in different diseases (22).
Despite other causes may exist, obesity has been shown to be the main driver of IR in youth
(23). Thereby, IR represents a link between obesity and other metabolic and cardiovascular
complications (23). It has been shown that body composition, as well as VAT, predicts IR
beyond the amount of total fat or obesity degree (22). Indeed, fat accumulation in key insulin-
sensitive organs or tissues, might be the determinant of IR (24). Precisely, VAT is related to a
worse adipokyne and inflammatory profile and, therefore, reduces whole body insulin
sensitivity (22,25) by linking VAT with CVD risk. On the other hand, adipocyte hypertrophy has
been associated with systemic inflammation and IR in children with obesity, regardless of BMI
and overall adiposity (26).

IR can be determined by calculating homeostatic model assessment for insulin
resistance (HOMA-IR). Fasting blood glucose and insulin values are needed to determine
HOMA-IR, which can be calculated with the following formula: (insulin (uU/ml x glucose

(mmol/1))/22.5) (27).

1.3.3. Hypertension

The prevalence of hypertension in children is increasing together with the prevalence
of obesity (28). This CVD risk factor is defined as values >140 mmHg of SBP and/or >90 mmHg
of DBP (29). Notwithstanding, in youth below the age of 16 years, hypertension is considered
as SBP and/or DBP 295" percentile (30). The prevalence of paediatric hypertension differs in
terms of the region. For instance, according to a survey carried out in China, 8.9% and 10.2% of

6-17 years-old girls and boys, respectively, had high blood pressure (31). In children and
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adolescents of the United States of America (USA), the data of the NHANES study revealed
even higher figures, where over 14.2% of youth suffer from elevated blood pressure (32).
Likewise, while adolescents from the Central and Eastern European countries show a
prevalence of hypertension around 2-5%, the prevalence in the Southern European
adolescents reaches up to 13% (30). Blood pressure is also associated with adiposity. In this
line, it has been reported that per 10 kg of body weight gain 3.0 mmHg SBP and 2.3 mmHg DBP

are increased (33).

1.3.4. Dyslipidaemia

Another typical condition promoting CVD is dyslipidaemia, which is characterized by
elevated blood lipids concentrations that can already appear in childhood. This disorder is
commonly presented as high levels of blood TG, total and low-density lipoprotein (LDL)
cholesterol as well as low HDL-c (34). Just as happens with other CVD risk factors, childhood
obesity is associated with dyslipidaemia (35-37). In this line, it is estimated that 27-43% of
children and adolescents with overweight/obesity present dyslipidaemia (38). This is of great
health concern since abnormal lipid concentrations in early life track into adulthood by

increasing CVD risk (39).

1.3.5. Hepatic steatosis

Hepatic steatosis is the first step of non-alcoholic fatty liver disease (NAFLD)(40), and it
is considered the hepatic manifestation of MetS (13). Hepatic steatosis is characterized by an
excessive fat deposition in the liver not related to excessive alcohol consumption or other liver

pathologies.
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Hepatic steatosis is developed as a result of an imbalance between complex pathways
of lipid metabolism. The main metabolic pathways involved in hepatic steatosis are the
following: hepatic uptake of plasma free fatty acids, hepatic de novo lipogenesis, hepatic fatty
acid oxidation and fatty acid secretion in very low density lipoprotein (VLDL)-TG (41). Briefly,
the increase of free fatty acids uptake and de novo lipogenesis results in intrahepatic TG
accumulation together with an oversecretion of VLDL-TG (41). In addition, hyperglycaemia and
hyperinsulinemia occur as consequences of the increased production and decreased uptake of
glucose. This pathways cause a vicious circle as both hyperglycaemia and hyperinsulinemia

further promote de novo lipogenesis.

Glucose TFF A

Mitochondria
B-oxidation

lllustration 2. Involved mechanisms in hepatic steatosis (41)
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There are several criteria for the definition of hepatic steatosis in the scientific
literature. These criteria depend on the threshold established in relation to the fat fraction
within the hepatocytes. While some authors proposed histologically the presence of lipids
above 4.85% (42), others suggest 5% (43), 5.5% (44-46) or even 6% (47) to define hepatic
steatosis. In addition, hepatic steatosis can be classified as mild (5-33%), moderate (33-66%) or

severe (>66%) according to the amount of fat present within the hepatocytes (48).

1.4. Comorbidities related to cardiovascular risk factors

1.4.1. Type 2 diabetes

The prevalence of T2D in childhood is increasing worldwide and it is of health concern
due to its association with microvascular (diabetic retinopathy, nephropathy and neuropathy)
and macrovascular (development of CVD) complications later in life (49). IR is crucial in the
pathogenesis of T2D (50) and, based on prospective studies, also its best predictor (51).
Moreover, when the onset of the disease is placed on childhood or adolescence, the time-risk
for the development of micro- and macro-vascular complications as well as mortality in
adulthood seems to be greater compared to the onset in adulthood, as a result of a longer
duration of exposure to glycaemia and other metabolic and CVD risk factors (52-54). Based on
the well-established relationship between T2D and CVD risk, CVD is the main cause of

mortality among patients with T2D (55).

In addition, research studies have revealed the strong relationship between IR and
NAFLD (45,56). It is estimated that over 70-80% of people with obesity and diabetes
additionally have NAFLD (57). Similarly, according to a large multi-centre study from the USA,

around one third of children and adolescents with NAFLD present prediabetes or T2D (58).
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1.4.2. Cardiovascular disease (CVD)

CVD represent a group of heart and blood vessels disorders, including coronary heart
disease, cerebrovascular disease as well as rheumatic heart disease (59). CVD is the main cause
of mortality in all over the world (59). It is estimated that almost 18 million of people annually
die due to CVD, supposing over 31% of deaths worldwide, being 85% of them as a

consequence of strokes and heart attacks (55).

There is convincing evidence of the adverse effects of childhood obesity on
cardiovascular health; where endothelial dysfunction and arterial stiffness, arterial wall
thickness, as well as cardiac structure, can be affected due to excess weight in early life (14).
Therefore, it is expected an earlier onset of coronary artery disease due to the elevated
prevalence of childhood obesity (60). According to a 55-year longitudinal study, overweight in
adolescence entails 2-fold higher risk of coronary heart disease mortality independently of
adult body weight (14). In addition, it is well established that VAT has a negative impact on

cardiovascular health, as it seems to be a key predictor of arterial wall thickening (61) .

On the other hand, atherosclerosis is a cardiovascular process characterized by artery
wall thickening as a result of progressive vascular smooth muscle cellular proliferation and
ground matrix deposition (62). This process can begin in childhood (63) and may be stimulated
by high serum uric acid concentration, which promotes vascular inflammation and artery
damage (62,64). It is well known that uric acid plays a key role in the development of CVD (65).
However, the prevalence of paediatric hyperuricemia (elevated serum uric acid levels) is

increasing worldwide (66).

41

Universidad Publica de Navarra
Nafarroako Unibertsitate Publikoa



1.4.3. Non-alcoholic fatty liver disease (NAFLD)

NAFLD encompasses a spectrum of disease which ranges from simple steatosis,
through non-alcoholic steatohepatitis (NASH) to liver fibrosis, cirrhosis and hepatocellular
carcinoma (67,68). It is estimated that up to a third part of patients with hepatic steatosis

develop NASH (69,70) worsening and complicating the stage and the reversibility of the

disease.
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lllustration 3. The progression of NAFLD and histological features.

Together with the growing prevalence of childhood obesity, NAFLD is one of the most
common causes of liver disease among both children and adolescents (71). It has been
reported that whereas the prevalence of NALFD in the overall paediatric population is 7.6%,
when it comes to children with obesity it reaches 34.2% (72). Other study reported even

greater difference on the prevalence of NAFLD, where the prevalence among general children
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was 2-7% and 50-80% among children with obesity (73). The prevalence of NAFLD in children,
as well as in adults, can vary significantly due to the wide range of criteria used, demographics
of the region being sampled and diagnostic method applied to define and detect it (74).
Besides the weight status, increasing age is also associated with NAFLD (75); thus, while less
than 1% of children aged 2-4 years present fatty liver, over 17% 15-19 years-old adolescents
present it (76). Another factor which seems to be related with increased risk of having NAFLD
is the sex; according to the literature; the prevalence of NAFLD in boys is higher than in girls
(74,76-79). Moreover, ethnicity and genetics play a key role in liver fat deposition. Actually, it
has been shown that Hispanic population is more likely to develop NAFLD (44,77,80-82). A
study conducted in 2-9 years old children reported a prevalence of 11.8% among Hispanic
children, above 10.2% in Asian, 8.6% in white and 1.5% in black population (76). The higher
prevalence of NAFLD in Hispanic population might be explained by genetics. Precisely, the C>G
(llel48Met) polymorphism in the patatin-like phospholipase 3 (PNPLA3), a gene which has
been associated with greater susceptibility to storage fat in the liver, is more prevalent in
Hispanic population than in other populations, revealing an ethnic predisposition for hepatic

steatosis (44,80,81,83).

As far as of my awareness, there is no available data on the prevalence of paediatric
NAFLD in Europe or Spain. Nonetheless, there exists data on the prevalence of NAFLD in the
general European population measured by ultrasonography, which has been reported to range
from 2 to 44% of inhabitants (84). Likewise, another study carried out in Spain with 15-85
years-old participants reported a prevalence of 33% and 20% of NAFLD for men and women,
respectively (85). Furthermore, by 2030, Spain is predicted to be one of the countries with the

highest prevalence of NASH-related advanced disease all over the world (86).

Early diagnosis of hepatic steatosis is of high interest to avoid NAFLD-related health

consequences. Unfortunately, NAFLD is often asymptomatic (68) and frequently it is not
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detected until major damage to the liver occurs or other related metabolic disorder is
developed (73). Opportunely, a wide range of diagnostic tools are being employed to diagnose
NALFD in the last decades, which briefly can be classified into three groups; liver biopsy,
imaging techniques and biochemical analyses. From all of these methods used, it should be
pointed out liver biopsy due to its consideration as the gold standard for NAFLD diagnosis
(68,73). Liver biopsy has been shown to be the most accurate modality detecting hepatic
steatosis and non-alcoholic steatohepatitis (NASH), as well as determining the severity of liver
damage, inflammation and fibrosis (73,87,88). However, liver biopsy has some limitations
because it is an invasive and costly technique and, therefore, it is not feasible in population-
based studies (87,89). Concerning imaging-based diagnostic methods, ultrasonography is a
non-invasive tool; nevertheless, its usefulness has been questioned because of its limited
sensitivity and specificity, and its low utility for grading fatty liver in children (47,90). Likewise,
although computed tomography can detect fat deposition in the liver based on the analysis of
the attenuation of its parenchyma, it is not suitable specially for children due to its ionizing
radiation (47,89). Magnetic resonance imaging (MRI) and magnetic resonance spectroscopy
(MRS) can both considered as non-invasive methods with similar accuracy potential for hepatic
steatosis diagnosis (68,91). In spite of being appropriate to determine small amounts of fat due
to its quantification of proton density fat fraction, MRS involves a complex post-processing
techniques and it is not usually available on routine scanners (47,88). MRI is a more feasible
method, which has been validated in both children and adults (92,93), and has been
demonstrated to be an accurate technique for liver fat quantification in paediatric NAFLD (42).
On the other hand, liver biochemistry by using serum liver enzymes profile is another more
inexpensive and less invasive alternative which have been proposed as surrogate marker of
NAFLD in adolescents. Indeed, higher levels of alanine aminotransferase (ALT) and gamma-
glutamyl transferase (GGT), as well as lower levels of the aspartate aminotransferase to

alanine aminotransferase (AST/ALT) ratio have been associated with adiposity and CVD risk
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factors in adolescents (94). ALT could be a good screening tool for NALFD in children as long as
it is interpreted based on sex-specific limits of healthy children (22U/L and 26 U/L for girls and
boys, respectively). In any case, liver injury cannot be dismissed even having normal levels of
ALT in children with NAFLD (95,96), and this liver enzyme is neither able to distinguish disease
severity (74). Due to its low accuracy, ALT has been considered as a screening tool rather than
a diagnostic tool by itself (74); and neither AST nor GGT have been independently tested as

screening tests for paediatric NAFLD yet (68).

As beforehand mentioned, paediatric NAFLD is part of the metabolic syndrome since it
is belief to be its hepatic manifestation. This is based on the fact that paediatric NAFLD is
strongly associated with different components of metabolic syndrome such as abdominal
adiposity (97), IR (56), dyslipidaemia (98) and CVD (99,100). Thereby, several metabolic
disorders including lipid accumulation, insulin resistance and inflammation, are implicated in

the pathogenesis of NAFLD.

Early theories proposed the “two hits theories” to explain the pathogenesis of NAFLD;
where the first hit was based on IR and excessive circulating fatty acids, leading to TG
accumulation on liver (hepatic steatosis); whereas the second hit involves inflammatory
cytokines, oxidative stress, lipid peroxidation, mitochondrial dysfunction and apoptosis,
promoting the progression of the disease towards NASH (57,101). From then on, the proposed
“multiple hit theory”(102) has been widely accepted, which includes the interaction of both
genetic and environmental factors, together with changes in cross-talk between adipose

tissue, pancreas, gut and liver (40).
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1.5. Metabolic phenotype

It is recognized that not all the patients who suffer from obesity develop metabolic
disorders. Interestingly, there is a subgroup of people with obesity who seem to be protected
from these complications, and therefore, have a healthier metabolic profile. This condition is
known as metabolically healthy obesity/obese phenotype (MHO) and may be at lower risk of
all-cause mortality (103). Several criteria have been proposed to classify patients with obesity
as MHO or metabolically unhealthy obesity/obese (MUQ) according to their metabolic status,
as has been compiled in a recent review (104). Given that metabolic abnormalities in youth are
not often as apparent as in adulthood, it should be highlighted that there is less consensus
about the definition of metabolically healthy phenotype in this population (104). Interestingly,
the MetS cut-off criteria published by Jolliffe and Janssen (105), which are equivalent to the
ones proposed for adults by IDF and ATP-III, include the growth curves of youth population
with age and sex adjustments, and therefore, seems to be appropriate. Although other
definitions have been proposed for youth, they are not sex- and age-specific, and thus, do not

consider growth- and puberty-related physiological changes (104).

The components taken into consideration for the classification of MetS status are the
following: having elevated TG, reduced HDL-c, elevated blood pressure and elevated fasting
glucose, whereas waist circumference is excluded from the definition. By following this
criterium, a young patient is classified as having a MHO phenotype if he/she presents obesity,
but none of the previously mentioned criteria. On the contrary, a children is considered as
presenting a MUO phenotype when he/she has obesity plus at least one of any of the above

mentioned metabolic abnormalities (104).
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1.6. Prevention andtreatment of cardiovascular risk factors

The prevention and treatment of obesity, NAFLD as well as of CVD, in childhood is a
challenge of the 21°' century. Thereby, non-communicable diseases such as the previously
mentioned disorders cause over 41 million of deaths each year, which is the equivalent to 71%
of all worldwide deaths (106). However, most of these kinds of diseases are preventable since
lifestyle is the basis of the prevention and development of CVD disorders. The aetiology of
childhood obesity, as well as of the obesity-related health consequences, is the results of an
interaction between genetic and environmental factors, caused because of the energy
imbalance between calories consumed and expended. More specifically, a diet composed of
high fat and sugar energy-dense foods, and low in fibre, vitamins and minerals, together with a
sedentary lifestyle and low levels of physical activity contribute to the pathogenesis of obesity

and related comorbidities (107).

Therefore, and taking into consideration that these comorbidities are usually presented
together with obesity, lifestyle interventions focused on healthy dietary habits and physical
activity promotion are the cornerstone in the prevention and treatment of the liver and
cardiovascular health-related complications (14,68). Moreover, as children are still acquiring
and establishing their habits, lifestyle changes and adoption of healthy habits is more likely to
succeed in childhood and adolescence. Nonetheless, the success and effectiveness of these
interventions is not always guaranteed, since lifestyle changes are far from being an easy task

(108).

Physical activity is an important dimension of lifestyle. Physical activity, defined as any
body movement produced by skeletal muscles resulting in energy expenditure, has been
shown to have remarkable benefits on liver and cardiovascular health (109,110). The WHO
guidelines recommends at least 60 minutes of daily moderate-to-vigorous physical activity in

addition to strength activities three times per week for children aged 5-17 vyears;
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notwithstanding, more than 80% worldwide children is insufficiently physically active, which is
of public health concern (111). Albeit the existing questionnaires for measuring physical
activity levels, these have not shown a good validity and reliability in children (112). In
contrast, accelerometry is a feasible method to objectively measure physical activity levels in
children, where participants have just to wear a kind of bracelet (accelerometer) in their wrist

(113).

Another important component when focusing on physical activity is cardiorespiratory
fitness (CRF); the capacity of both cardiovascular and respiratory systems to transport and
consume oxygen as well as the ability to perform prolonged strenuous exercise (114). CRF not
only is a powerful health marker, but it is also related with lower cardiovascular mortality
(114,115). According to a longitudinal study carried out in adolescents, baseline CRF was
inversely associated with SBP and rate pressure product two years later (116). Higher CRF has
been also shown to be associated with lower hepatic fat content and healthier profile of liver
enzymes (117). Moreover, it has been reported that high levels of CRF among children might
attenuate the influence of parental obesity on the weight status of their children (118).
Despite the fact that CRF has a genetic component, it is enhanced with regular physical activity

(119), and therefore, physically active lifestyle should be promoted to prevent CVD disorders.

The direct cardiopulmonary progressive incremental test with metabolic gas exchange
to exhaustion is considered the gold standard for CRF assessment; nevertheless, due to its cost
is not feasible to use with large samples of participants (120). As an alternative, the 20 meters
shuttle run test is a widely used method for measuring CRF, and its use in children has been

shown to be reliable and feasible (121,122).
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1.7. Dietary habits and hepatic and cardiovascular health

Dietary habits are closely related to body composition, as well as to liver and
cardiovascular health (123-125). Thereby, an energy-dense, low-fibre and high-fat diet has
been associated with greater odds of excess adiposity in childhood (123). Likewise, it has been
shown that westernized dietary patterns, which are rich in red and processed meat, refined
grains as well as in sugar, are associated with increased inflammation and cardiovascular
markers (126,127).

While several studies examine the influence of the consumption of certain foods on
specific health biomarkers, others focus on examining the effect of dietary patterns on
different outcomes. Studying dietary patterns has increased popularity in nutrition research
field in the last few years, since besides they allow for a better description of dietary habits of
the population, possible interactions between nutrients or foods are also taken into account
(127,128). One of the most well-known dietary patterns is the Mediterranean dietary pattern
(MDP). Few decades ago, research focused attention on the Mediterranean region given that
this was the area with the highest life expectancy and lower rates of coronary heart disease
worldwide. Interestingly, they realized that population living in this region traditionally had
similar dietary habits, characterized by high intakes of plant-based foods (fruits and
vegetables, nuts, legumes, cereals) and fish, by emphasizing olive oil as principal use of fat,
moderate consumption of dairy products and wine as well as low consumption of meat and
poultry (129). Since then, several studies have reported the beneficial effects of MDP on blood
pressure and overall on CVD risk, liver health, T2D, as well as on obesity in both children and
adults (124,130-132). On the other hand, Dietary Approaches to Stop Hypertension (DASH)
diet is a widely studied dietary pattern in relation to cardiovascular health. Briefly, the DASH
diet is mainly composed of magnesium-, calcium- and potassium- and fibre-rich foods and in
those low in sodium, saturated fat and cholesterol, and therefore, is basically a plant-based

and whole-grain diet, albeit it does not exclude meat or fish (133). Besides its beneficial effects
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on cardiovascular and hepatic health in adults (134,135), the DASH diet has been shown to be
effective in reducing blood pressure as well as improving MetS and BMI status in children and
adolescents (133,136,137).

Energy intake during childhood and early adolescence has also been associated with
greater risk of having NAFLD (138). Similarly, a systematic review and meta-analysis of
observational studies including children and adults, concluded that there was a positive
association between dietary energy density and adiposity (139).

Sugars require special attention in this topic given that they are considered as one of
the major contributors of an energy-dense and nutrient-poor diet (140). Moreover, sugar
consumption may additionally reduce the intake of nutritionally more adequate foods, leading
to an unhealthy diet and increased risk of non-communicable diseases (141). Accumulating
evidence implicates sugars, and particularly added sugars (those which are not naturally
present and are artificially added, such as in processed foods), in the increment of CVD risk
through increased energy intake, adiposity and dyslipidaemia (142). However, due to the
consumption of nutritionally poor and ultra-processed foods, sugar intake in the general
population remains high, which is of public health concern. In order to reduce the amount of
sugar consumed, WHO recommends reducing the intake of free sugars (sugars added to foods/
beverages by manufacturer, cook or consumer and those naturally present in honey, syrups,
and fruits juices/concentrates) to less than 10% of total daily energy intake for both children
and adults, suggesting a further reduction to below 5% as conditional recommendation (141).
According to a review of sugars dietary sources using data from eleven European countries
surveys, children had an intake of 16-26% and 11-17% of total and added sugar, respectively,
from total energy intake (140). Added sugars intake of children in these studies was provided
by sweet products, such as confectionary, chocolates, biscuits or cakes (40-50%), beverages
(20-34%) and dairy products (6-18%). However, other studies place sugar-sweetened

beverages (SSB) as the primary source of dietary added sugar in children and adolescents
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(143,144). In this line, there is strong evidence that SSB and fructose have detrimental effects
on cardiovascular health, and particularly, on liver health in both children and adults (145-
148).

Regarding meals, skipping breakfast is a frequent behaviour in youths which has been
related with total and visceral adiposity (149,150). Actually, studies suggest that breakfast
consumption might protect from obesity during childhood and adolescence (151).
Furthermore, skipping meals and mainly breakfast, has also been associated with glucose and

levels of serum lipids in children and adolescents with obesity (152).
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2. HYPOTHESIS AND OBJECTIVES/
HIPOTESIA ETA HELBURUAK
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2.1. Hypothesis

The hypothesis of the current International Doctoral Thesis is that healthy dietary
patterns such as the Mediterranean or DASH diet, as well as behaviours like eating breakfast
will prevent adiposity and related comorbidities. In contrast, energy-dense diets based on
sugar- and fat-rich ultra-processed foods, including sugary drinks, will negatively affect hepatic
and cardiovascular health. Healthy lifestyle programs based on nutritional education and
physical activity promotion will increase the knowledge of both children and parents on health
and lifestyle by leading to improve dietary habits and increasing physical activity levels. Thus,
healthy dietary habits together with other healthy behaviours, such as having a physically
active lifestyle, will help improving body composition and preventing adiposity-related CVD

risk factors in both childhood and later in life.
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2.2. Objectives

The objectives of the present Thesis are the following:

1) To examine the associations of the adherence to the MDP and CRF with total and central

adiposity in preschool children.

2) To examine the adherence to the MDP in MHO and MUO European adolescents.

3) To analyze the associations of breakfast quality and energy density from both solids and
beverages with CVD risk factors; and to explore whether physical activity levels may attenuate

these relationships in children with overweight/obesity from the north and south of Spain.

4) To examine the association of food and food components, DDS, SSB, as well as total and

added sugars, with hepatic fat and insulin resistance in children with overweight/obesity.

5) To explore the effectiveness of a 22-week family-based lifestyle education program on
dietary habits, and to analyze the associations of changes in dietary intake with the reductions

of percent hepatic fat and adiposity in children with overweight/obesity.
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2.1. Hipotesia

Honako Nazioarteko Doktorego Tesiaren hipotesia dieta Mediterranearra edo DASH
bezalako patroi dietetiko osasuntsuek eta gosariaren kontsumoa gisako elikadura portaerek
adipositatea eta honi loturiko komorbilitateak prebenitu litzaketela da. Azukre eta gantzetan
aberatsak diren elikagai prozesatuetan oinarritutakoak diren dieta energetikoki dentsoek,
ordea, eragin kaltegarria izango lukete osasun hepatiko eta kardiobaskularrean. Nutrizio-
hezkuntza eta ariketa fisikoaren sustapenean oinarritutako bizi-ohitura osasuntsuen
programek haur eta horien gurasoen bizi-ohitura eta osasunaren inguruko ezagutza handituko
luke, elikadura-ohiturak eta ariketa fisikoaren mailak hobetuz. Horrela, elikadura-ohitura
osasuntsuak barneratzearekin batera, bizimodu fisikoki aktiboa izatea bezalako ohitura
osasuntsuak izateak gorputz-konposizioa hobetzen, eta haurtzaroan zein etorkizunean
adipositatearekin loturiko gaixotasun kardiobaskularraren arrisku faktoreak prebenitzen

lagunduko luke.
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2.2. Helburuak

Tesi honen helburuak ondorengoak dira:

1) Patroi dietetiko Mediterranearraren atxikidura eta bihotz-hodiko gaitasuna eta

eskolaurreko haurren adipositate totala eta zentralaren arteko erlazioak aztertzea.

2) Patroi dietetiko Mediterranearraren atxikidura aztertzea metabolikoki osasuntsua eta
metabolikoki ez-osasuntsua den gainpisua/obesitatea pairatzen duten Europako

nerabeetan.

3) Gosariaren kalitatea eta solido zein likidoen dentsitate energetikoa arrisku faktore
kardiobaskularrekin erlazionatzea; eta ariketa fisiko mailak erlazio hauek arindu
ditzakeen aztertzea gainpisua/obesitatea pairatzen duten Espainiako iparralde eta

hegoaldeko haurretan.

4) Elikagai eta elikagaien konposatuak, esneki-postre eta ordezkoak, azukredun edariak
eta azukre total zein gehitutakoek gibeleko gantza eta intsulinarekiko

erresistentziarekin duten erlazioa aztertzea gainpisua/obesitatea duten haurretan.

5) Bizi-ohituren hezkuntza programa familiar batek 22 astetan elikadura ohituretan duen
eragina ikertzea, eta elikadura ohituretan emandako aldaketak gibeleko gantza eta

adipositatean murrizketarekin erlazionatzea gainpisua/obesitatea duten haurretan.
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3. RESULTS
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3.1. Study |
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ABSTRACT

Purpose: Early recognition of risk factors associated with overweight/obesity is an important
step towards preventing long-term health consequences. The aim of the current study was to
examine the associations of the adherence to the Mediterranean dietary pattern (MDP) and
cardiorespiratory fitness (CRF) with adiposity in preschool children from the north of Spain.
Methods: The adherence to the MDP (KIDMED), CRF (20-m shuttle run test), total (BMI) and
central (waist circumference) adiposity and socio-demographic factors were assessed in 619
children (48.6% girls) who were on average 4.7 years old.

Results: Higher MDP index (P < 0.05) and CRF levels (P < 0.01) were significantly related to
lower waist circumference. CRF was inversely associated with BMI (P < 0.001), yet no
significant association was observed between MDP and BMI. Children not having high CRF
levels and high MDP (i.e., non-upper sex-specific tertile of CRF or MDP, respectively) had the
highest waist circumference.

Conclusions: Our findings support that higher adherence to the MDP and higher CRF are
associated with lower waist circumference in preschool children, pointing them as relevant
modifiable factors to be targeted by educational strategies aiming to prevent central obesity

and later obesity-related comorbidities.

Keywords Preschool children, Obesity, Adherence to the Mediterranean diet,

Cardiorespiratory fitness, Dietary habits
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INTRODUCTION

The manifestation of obesity in children is occurring at progressively younger ages
worldwide [1]. This is of great concern from a public health perspective due to the tracking of
childhood obesity into the adulthood. Moreover, there is strong relationship between the
number of years lived with overall [2] or abdominal obesity [3] and the risk of cardiovascular
disease (CVD) mortality and all-cause and mortality. Hence, the results of the Framingham
Cohort Study showed that the risk of CVD mortality increased 7% for every 2 years additional

lived with obesity [2].

The rise in the prevalence of overweight/obesity in preschool children has been
particularly dramatic in the last three decades [4]. Likewise, the increase of early childhood
overweight/obesity worldwide was 21% from 1990 to 2000, and 31% from 2000 to 2010[5]. In
2010, the Early Childhood Longitudinal Study reported that almost 15% of kindergarten-age
children were overweight and 12.4% obese in the United States [6]. The latest systematic
review in Europe reported prevalence rates of overweight or obesity between 8.4% and 31% in
2-5 years children, and observed the highest rates in countries in the Mediterranean region
[7]. Spain, together with Malta and Sicily is leading the ranking of overweight and obesity rates

in children aged 5-10 years [8].

Childhood is a crucial period in life in which individuals adopt lifestyle patterns that are
likely to track into their adulthood. Healthy dietary habits and adequate physical activity levels
during early life reduce the risk of major chronic diseases later in life [9]. Physical activity level,
particularly moderate to vigorous physical activity, is strongly associated with cardiorespiratory
fitness (CRF), a powerful health marker. However, in the last decades, the consumption of
unhealthy diets has become average dietary patterns [10] and physical activity levels, and
consequently CRF, have decreased among children [11]. Low level of CRF is engaged in the

etiology and occurrence of many chronic non-communicable diseases, such as cardiovascular
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diseases, diabetes or obesity. For instance, higher total and central adiposity have been
associated with low levels of CRF in children and adolescents [12]. This is potentially of great

interest and concern because CRF is an important marker of health already in childhood.

The Mediterraneandietary pattern (MDP), based on the typical dietary habits followed
by people from countries around the Mediterranean Sea, has been extensively studied due to
its health benefits [13]. High adherence to the MDP may reduce major chronic disease
morbidity and mortality [13], and with lower adiposity and overweight prevalence in youths
[14,15], while other found no significant associations between the adherence to the MDP and
obesity prevalence[16]. Interestingly, epidemiological evidence suggests that dietary patterns
in the South of Europe are changing especially among youths, and that children living in
countries in the South of Europe can even have lower adherence to the MDP than their peers

living in the North of Europe [14].

The majority of the studies examining the influence of CRF level and the adherence to
the MDP in overweight/obesity risk have been conducted in school children or adolescents.
There are no previous epidemiologic studies examining the influence of both the adherence to
the MDP and CRF levels on adiposity measures in preschool children. Early recognition of risk
factors associated with overweight and obesity and monitoring overweight/obesity rates are
important steps towards preventing long term health consequences. Therefore, the aims of
the current study were: 1) To examine the adherence to the MDP in preschool children; and 2)
To examine the associations of the adherence to the MDP and CRF with body mass index (BMI)

and waist circumference in a sample of preschool children from the North of Spain.
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METHODS

Design and participants

The PREFIT study (Assessing FITness in PREschoolers) is a multicentre cross-sectional
study performed in 11 towns/cities of Spain (Almeria, Cadiz, Castelldn, Cuenca, Granada, Las
Palmas de Gran Canaria, Madrid, Palma de Mallorca, Zaragoza, and Vitoria-Gasteiz) that aimed
to evaluate nutritional status and fitness in preschool children (Supplemental Figure 1). The
present study focused on the sample from Vitoria-Gasteiz (North of Spain), the only center in
which the adherence to the MDP was studied, and it is not representative of the whole
Spanish population of preschoolers. This study therefore comprised 619 children (8% of the
children aged 3-5 years living in the city, 48.6% girls) aged 4.7+0.8 years recruited in six
schools, three public (N=328) and three private (N=291). Participation rate was lower in
children aged 3 years (55.4%), thanin 4 (77.8%) or 5 (77.4%) years old children (Supplemental
Figure 2). The reason for non-participation was not registered. Data collection took place from

March to November 2015.

The protocol of the study was approved by the Human Research Ethics Committee of
the University of the Basque Country. Detailed information about the aims of the study and
tests, as well as questionnaires and informed consent sheets, were delivered to the families by
the schools participating in the study. All the parents sent the informed consent for their

children’s participation in the study to the schools.

Anthropometric measurements

Waist circumference, body mass (kg) and height were measured following standard
protocols and body mass index (BMI) was calculated. BMI was categorized into underweight,

normalweight, overweight and obesity according to the World Obesity Federation (WOF)
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criteria [8]. Sex-specific z-score of BMI and waist circumference were calculated as follows:

(data-mean of the sample)/standard deviation of the sample.

Adherence to the Mediterranean diet

The adherence to the MDP was assessed by using the KIDMED questionnaire
(Mediterranean Diet Quality Index for children and teenagers) [17]. This test has been
previously validated and it is widely used in childhood [17]. Since the participants were too
young to fill the questionnaire, their parents or legal guardians were asked to answer the
questions on their children dietary habits. The test is composed of 16 nutritional items, 10
questions about the consumption of the different food groups and six more about healthy
dietary habits not directly associated to the MDP [14]. For the purpose of the current study
only those items related to the MDP were considered, while questions about breakfast habit,
eating in fast food restaurants or taking sweets were not included in the main analyses
(Supplemental Table 1). A value of 1 was given to the questions which have a positive
connotation in accordance to the MDP. The total MDP score (MDP index) was computed by
adding up all the values obtained in the 10 items. Thereby, the MDP index test ranged from 0
to 10 points. The MDP score was also expressed as percentage of adherence. Optimal
adherence to the MDP when the MDP index was 28 or the percentage of adherence to the

MDP was >80%)

Cardiorespiratory fitness

The level of CRF was estimated using the PREFIT 20-m shuttle run test as described
elsewhere [18]. This test was adapted from the original protocol mainly reducing the initial
speed from 8.5 km/h to 6.5 km/h. Briefly, children started the test at 6.5 km/h and the speed
increased 0.5 km/h per minute. The test finished when the children failed to reach the end line
concurrent with the audio signal on two consecutive occasions or when the child stop because
of exhaustion.
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Potential confounding factors

The following socio-demographic variables have been previously shown to be
associated with obesity, dietary habits and/or CRF in childhood and were considered as
potential confounders: maternal and paternal educational level ([1] non-university: lower
education, lower secondary school and higher education and [2] university degree), and
ethnicity that was defined as the country of origin of the mother and was categorized for

statistical analyses as: 1=Spanish and 2=non-Spanish.

Statistical analyses

Differences in anthropometric, socio-demographic, dietary and CRF characteristics
between boys and girls were examined using t-Student tests for independent samples
(continuous variables) or Chi-square tests (categorical variables). The distribution of all the

continuous variables was tested for normality.

To investigate associations between the MDP index and CRF levels with BMI, BMI z-
score, waist and waist z-score linear regression analyses were conducted. Two regression
models were created: (1) model adjusted with age and sex (Model 1), and (2) model adjusted
with age, sex and socio-demographic variables (Model 2). Analyses examining the associations
with waist circumference and waist circumference z-score were additionally controlled for
height, while CRF was further controlled for body mass. We also examined interactions by sex
including interaction terms into the models; as there were no significant interactions (P>0.05),

the results for boys and girls are presented together.

Differences in adiposity between having high adherence to the MDP (within the upper
sex-specific tertile of the MDP index) and non-having high adherence to the MDP (non-upper
sex-specific tertile of the MDP index) were explored by ANCOVA adjusting with age, sex and

socio-demographic variables (basic covariates). Similarly, having high CRF levels (within the
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upper sex-specific tertile of CRF) vs. Non-having high CRF levels (non-upper sex-specific tertile
of CRF) were also analysed by ANCOVA controlling with basic covariates. The existence of an
interaction effect between the MDP index and CRF on anthropometric variables was also
tested by ANCOVA adjusting with the same covariates. Thereafter, the combined influence of
having or non-having high adherence to the MDP and having or non-having high CRF on
anthropometric variables was examined by ANCOVA adjusting with age, sex and socio-
demographic variables. All analyses were performed using the Statistical Package for Social
Sciences (SPSS, version 21.0 for WINDOWS; SPSS Inc, Chicago), and the level of significance

was set at a = 0.05.

RESULTS

Socio-demographic and anthropometric characteristics, as well as CRF, separated for
boys and girls are shown in Table 1. It was observed that 4.7% (4.1% in boys and 5.3% in girls)
of preschool children had insufficient body weight, 16% were overweight (15.2% in boys and
16.9% in girls), and 4.9% were obese (3.5% in boys and 6.3% in girls). Boys were taller (P<0.05),

had lower waist circumference (P<0.05) and higher CRF level (P<0.001) than girls.

Dietary habits of study participants are shown in Supplemental Table 1. The mean
adherence to the MDP was higher in girls than in boys (p<0.001, Table 1). It was observed that
less than 25% of participants had at least 80% of adherence to the MDP (24.3%, 32.3% of girls
and 17.2% of boys) and that 35% of preschool children did not exceed 50% of adherence to the
MDP (29.7% of girls and 39.7% of boys, Supplemental Figure 2). Only 2.4% of preschoolers

showed 100% of adherence to the MDP (3.9% of girls and 1.0% of boys).
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Table 1. Descriptive characteristics of the preschool children.

Boys Girls All
N Mean (SD) N Mean (SD) P N Mean (SD)
Age (years) 318 4.7(0.8) 301 4.7(0.9) 0.765 619 4.7(0.8)
Maternaleducationallevel 313 298 0.867 611
(N, %)
Non-University 197, 61.9 190, 63.1 387,63.3
University 116, 37.1 108, 36.9 224,36.7
Paternaleducationallevel 303 282 0.627 585
(N, %)
Non-University 228,75.2 218,77.3 446,76.2
University 75,24.8 64,22.7 139, 23.8
Ethnicity (N, %) 317 300 0.587 617
Spanish 235,74.1 232,77.3 467,75.4
Maghrebi 29,9.1 27,9.0 56, 9.0
Sub-Saharan 32,10.1 21,7.0 53,8.6
Others 21,6.6 20,6.7 41,7.0
Body mass (kg) 316 19.4(3.4) 301 18.9(3.3) 0.075 617 19.1(3.3)
Height (cm) 316 108.5(7.5) 301 107.1(7.0) 0.020 617 107.8(7.3)
BMI (kg/m?) 316 17.3(2.6) 301 17.3(2.7) 0.798 617 17.3(2.6)
BMI z-score 316 0.431 301 0.469 0.640 617 0.449
(1.010) (0.991) (1.000)
Weight status (N, %)° 316 301 0.331 617
Under weight 13,4.1 16,5.3 29,4.7
Normoweight 244,77.2 215,71.4 459,74.4
Overweight 48,15.2 51,16.9 99, 16.0
Obese 11,3.5 19,6.3 30,4.9
Waist (cm) 318 53.1(5.0) 301 54.1(4.6) 0.016 619 53.6(4.8)
Waist z-score 318 0.04(1.00) 301 1.76(1.00) 0.093 619 0.107
(1.00)

Adherencetothe MDP (%) 310 60.0(16.0) 279 65.0(17.0) <0.001 589 62.0(17.0)

PREFIT-20-m shuttle run 312 22.2(12.8) 294 18.8(9.9) <0.001 606 20.6(11.6)
(laps)

BMI: body mass index. MDP: Mediterranean dietary pattern. SD: standard deviation.
2According to the World Obesity Federation criteria®”.
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Adherence to the Mediterranean diet, cardiorespiratory fitness and adiposity

A higher adherence to the MDP was significantly related to lower waist and waist z-
score regardless of sex, age and height (Model 1, Table 2) and age, sex, height, and
sociodemographic factors (Model 2, Table 2). A higher CRF level was significantly associated
with lower BMI, BMI z-score, waist and waist z-score regardless of sex and age (Model 1, Table

2) and age, sex, and sociodemographic factors (Model 2, Table 2).

Table 2. Associations of the adherence to the Mediterranean diet (MDP index) and
cardiorespiratory fitness (PREFIT 20-m shuttle run) with overall (BMI and BMI z-score) and
central adiposity (waist circumference and waist circumference z-score) in pre-school children.

BMI BMI z-score Waist? Waist z-score®

p P p P p P p P

MDP index
Model 1 -0.053 0.409 -0.014 0.580 -0.222 0.032 -0.051 0.024
Model 2 -0.052 0.428 -0.011 0.676 -0.239 0.026 -0.055 0.020

PREFIT 20-m shuttle

run (stages)
Model 1 -0.145 0.002 -0.154 <0.001 -0.102 0.023 -0.150 0.001
Model 2 -0.136 0.006 -0.156 0.001 -0.105 0.025 -0.142 0.004

Model 1: adjusted with age and sex. Model 2: Model 1 was further adjusted with maternal and

paternal educational level and ethnicity. *Additionally adjusted with height. B: standardized
regression coefficient.

Likewise, waist and waist z-score were lower in preschoolers within the upper sex-
specific tertile of the adherence to the MDP (P<0.05, Figure 2) and in those children within the

upper sex-specific tertile of CRF than in their peers with lower CRF levels (P<0.01, Figure 1).
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Figure 1. Influence of having high CRF (upper sex specific tertile of cardiorespiratory fitness) or
non-high CRF (non-upper sex specific tertile of cardiorespiratory fitness) and having high MDP
index (upper tertile of sex specific MDP index) or non-having high MDP index (non-upper sex-
specific tertile of the MDP index) on waist circumference and waist circumference z-score in
preschool children. Analyses were adjusted with age, sex, maternaland paternal education
level, ethnicity and height squared (covariates). MDP index: adherence to the Mediterranean
dietary pattern. Valuesare adjusted means + 95% Cl.
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There were not found significant interaction effects between the adherence to the
MDP and CRF level on BMI and BMI z-score (P>0.05). However, there were observed significant
interaction effects between the adherence to the MDP and CRF level on waist (P=0.013) and
waist z-score (P=0.008). Therefore, it was examined the combined influence of having or non-
having a high adherence to the MDP (upper or non-upper sex-specific MDP index) and having
or non-having high CRF levels (upper or non-upper sex-specific tertile of CRF) in waist and
waist z-score (Figure 2).
0,55 1

P linear trend<0.001
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Figure 2. Combined influence of having high CRF (upper sex-specific tertile of cardiorespiratory
fitness) or non-having high CRF (non-upper sex-specific tertile of cardiorespiratory fitness), and
having high MDP index (upper sex-specific tertile of the MDP index) or non-having high MDP
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index (non-upper of sex-specific tertile of the MDP index) on waist circumference and waist
circumference z-score in preschool children. Analyses were adjusted with age, sex, maternal
and paternal education level, ethnicity and height squared (covariates). MDP index: adherence
to the Mediterranean dietary pattern. Values are adjusted means + 95% Cl.

The results showed that both waist and waist z-score were significantly higher in those
children non-having both high CRF levels and high MDP index than in those non-having high
CRF levels, but with high MDP index (P=0.034 and P=0.040, for waist and waist z-score,
respectively) independently of age, sex, height squared, and sociodemographic factors.
Moreover, children non-having high CRF levels and non-having high MDP index had higher
waist and waist z-score than those having high CRF levels and high MDP index (P=0.020 and
P=0.003, for waist and waist z-score, respectively), or non-high MDP index (P=0.016 and
P=0.008, for waist and waist z-score, respectively), regardless of covariates. However, there
were no significant differences in waist and waist z-score between children having high CRF

and high MDP index and those having high CRF but non-high MDP index.

DISCUSSION

In the current study, BMI and waist circumference, the adherence to the MDP and CRF
were examined in more than six hundred Spanish preschool children. The study aimed to
explore the association of the adherence to the MDP and CRF levels on adiposity estimates.
The main findings were (1) the adherence to the MDP was low to moderate; (2) higher
adherence to the MDP was associated with lower waist circumference, while higher levels of
CRF were associated with both BMI and waist circumference; (3) those children with low
adherence to the MDP and low CRF had higher waist and waist z-score, regardless of age, sex

and sociodemographic factors. To the best of our knowledge, our study is the first examining
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the combined associations of the adherence to the MDP and CRF with total and central

adiposity estimates in preschool children.

In the current study, 16.0% of preschool met the criterium for overweight and 4.9% for
obesity. These results reinforce findings from other studies demonstrating that Spain, together
with other Mediterranean countries, showed the highest prevalence of overweight and obesity
in early childhood compared with other European countries, particularly Scandinavian
countries [19,20]. Likewise, overweight/obesity rates in our study sample were similar to those
recently reported in a study of 128 preschoolers from the South of Spain (22% classified
according to the WOF criteria)[20] and also to the percentage of overweight children aged 2 to
10 years identified as overweight or obese (21.2%) in the Spanish children participating in the

IDEFICS study [21].

Findings of the current study support previous evidence for low to moderate
adherence to the MDP among children [22]. Likewise, the average adherence of the
preschoolers to the MDP was 62.7% and only 24.3% of children showed optimal adherence
(=280%). The low proportion of preschoolers with optimal adherence to the MDP observed in
the present study is of concern and confirms that children living in Mediterranean countries
are abandoning the traditional MDP [22]. Optimal adherence to the MDP in the current report
was lower than in Spanish preschool children participating in the IDEFICS study (32.3%), whose
data were obtained eight/nine years earlier in Zaragoza, one city located also in the North of
Spain close to Vitoria-Gasteiz [14]. Although it cannot be interpreted as a secular trend of
worsening dietary habits among preschool children, it seems that at least in the North of Spain
the adherence to the MDP is decreasing in early childhood, in agreement with previous
findings. Results from older children are even more alarming. In Italian 8-9 years old children,
only 5.0% had optimal adherence to the MDP [23]. In older children (from 10 to 12 years old),

several studies conducted in large samples of Greek [16], Cyprus [24] and Balearic Islands [25]
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reported optimal adherence to the MDP ranging from 4.3% to 7.1%. To note is that direct
comparison among studies are difficult because of differences in the age of children and
methods used to assess the adherence to the MDP. Indeed, three of the above mentioned
studies assessed the MDP with the KIDMED questionnaire [16,23,24] and two with food

frequency questionnaires [14,25].

We observed that lower adherence to the MDP was associated with higher waist
circumference, which in turn is strongly related to cardiometabolic risk. The specific
relationships between dietary factors and/or diet quality and abdominal and truncal fat mass,
as well as with visceral and hepatic fat regardless of total body fat, have been previously
reported in several studies[26-28]. The influence of the adherence to the MDP on waist
circumference in older pediatric populations was previously reported in cross-sectional [29]
and longitudinal studies [14], though no significant associations have also been shown [16,30].
The observed association of MDP with waist circumference in preschoolers may help to explain
the previously reported relationship between the adherence to the MDP and metabolic
syndrome in older children and adolescents [31], as well as with the preventive role of the
MDP against cardiovascular disease later in life [13]. Given the influence of the MDP on the
prevention of chronic diseases, and with the reduction in total mortality and improvement of
longevity [13], health policies should focus on promoting this traditional dietary pattern from

early childhood.

We observed that a worse performance in the 20m shuttle run test (i.e., CRF) was
associated with higher BMI and waist circumference in preschoolers. Our results agree with
previous studies conducted in school children and adolescents [11] . Furthermore, these
findings concur with the few reports that have examined the association of CRF with central
and overall adiposity in preschoolers [32,33]. Of note that CRF is a physical condition, while

dietary pattern is a behavior. However, despite the strong genetic component of the CRF,
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regular physical activity (a lifestyle behavior) is one of its main determinants [34]. Therefore,
our results reinforce the importance of promoting physical activity already in preschool
children. Excess body fat gain is determined by a positive energy balance; thus, the increase of
physical activity level may have benefits improving CRF, but also increasing energy

expenditure.

The most novel observation of the current study is the combined influence of the
adherence to the MDP and CRF on waist circumference in preschoolers. The results showed
that the highest levels of waist circumference were found in those children who were unfit and
had an unhealthy diet. It can be also observed that children non-having high CRF levels had
higher waist and waist z-score than those with high CRF, regardless of their adherence to the
MDP. However, it should be also noted that children non-having high CRF and with low
adherence to the MDP had higher waist circumference than those non-having high CRF but
with a high adherence to the MDP. Actually it means that those children with non-high CRF
levels and non-having a high adherence to the MDP are at a higher risk of central obesity and
cardiometabolic risk later in life. These findings expand the current knowledge since, as far as
we are aware, this is the first study reporting both the separate and combined influence of the

adherence to the MDP and CRF on adiposity estimates in preschool children.

The current study has several limitations. Findings from our study should be taken with
caution due to its cross-sectional design. Therefore, longitudinal studies are needed to confirm
the long term influence of the adherence to the MDP and CRF on obesity and adiposity gain.
Collection of dietary data for more than two days or the use of a food frequency questionnaire
would have been desirable to compensate for day-to-day variability. However, the KIDMED has
been previously validated to use in children [17] and chosen as the dietary assessment method
to estimate the adherence to the MDP in many previous studies [16,23,24]. Specifically in

preschool children, it has the advantage of its short administration time and high response
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rate. The sample is not representative of the population of the North of Spain; however, it is a
relatively large sample size that covers both private and public schools that should be

acknowledged.

CONCLUSIONS

The current study observed poor adherence to the MDP among children from 3 to 5
years together with a high prevalence of overweight and obesity (~21%). Our results
demonstrate that only CRF was negatively related to total adiposity; however, both non-high
adherence to the MDP and non-high CRF levels, are associated with higher waist
circumference already in preschoolers. Likewise, children non-having high CRF levels and with
low adherence to the MDP had the highest levels of waist circumference. Overall, these
findings suggest that educational strategies aimed to increase CRF and promote healthy
dietary habits are necessary from the early childhood to prevent children from suffering excess

total and abdominal adiposity and later cardiovascular disease.
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PREFIT Project
Invited N=4338

— — — — = Participation rate: 73.7%

Signed informed consent
N=3198

__ 99.4% meeting the inclusion criteria

- and having valid data

Valid anthropometric data

N=3178
by sex by age
\ \ [ |
Boys Girls 3 years-old 4 years-old 5 years-old
N=1677 N=1501 N=930 N=1085 N=1163
Centers | Granada| | Almeria Cadiz Madrid Cuenca | |Castellon| |Mallorca| | Vitoria | |LasPalmas |Zaragoza
Sample size| N=403 N=280 N=285 N=257 N=261 N=262 N=278 N=619* N=260 N=293

Supplemental Figure 1 Flow chart of the participants involved in the PREFIT Project.

* The sample size in this center in the North of Spain was over dimensioned in order to compensate the sample size in the South of Spain, Andalucia where 3
centersparticipated in the study
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Supplemental Figure 2. Flow diagram of study participants.
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Supplemental Figure 3. Distribution of percentage of adherence to the Mediterranean dietary patternamong preschool children participating in the PREFIT
study.
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Supplemental Table 1. Dietary habits and adherence to the Mediterranean dietary pattern (MDP) in pre-school children.

Scoring Boys Girls P
Takes a fruit or fruit juice every day (N, %)*> ¢ +1 260, 82.8 246,87.9 0.105
Has a second fruit every day (N, %)*** +1 113,36.0 127,45.4 0.024
Has fresh or cooked vegetablesregularly once a day (N, %)< +1 201,64.0 191, 68.2 0.298
Has fresh or cooked vegetablesregularly more thanonce a day (N, %)** +1 65, 20.7 79, 28.2 0.044
Consumes fish regularly (at least 2-3/week) +1 266, 84.7 237,84.6 0.981
(N, %) *b<
Likes pulses and eatsthem >1 week (N, %)*** +1 286,91.1 240, 85.7 0.037
Consumes pasta or rice almost every day +1 46, 14.6 117,41.8 <0.001
(5 or more per week) (N, %)**
Has cereals/grains (bread, etc.)for breakfast (N, %)*** +1 251,79.9 234,83.6 0.285
Consumes nuts regularly (at least 2-3/week) (N, %)*** +1 81, 25.8 89,31.8 0.122
Uses olive oil at home (N, %)* ¢ +1 310, 98.7 268,95.7 0.027
Goes >1/week to a fast food restaurant (hamburger) (N, %) ** -1 20,7.5 36,12.9 0.008
Skips breakfast (N, %) -1 12,3.8 26,9.3 0.007
Has a dairy product for breakfast (N, %)** +1 304, 96.8 266, 95.0 0.282
Has commercially baked goods/pastries for breakfast (N, %) -1 129,41.1 101, 36.0 0.237
Takes two yoghurts and/or some cheese (40g) daily (N, %)** +1 259, 82.5 213,76.3 0.067
Takes sweets and candy every day (N, %)*° -1 35,11.1 44,15.8 0.115
KIDMED score (mean, SD) 7.0(1.9) 7.2(1.9) 0.151
MDP index (mean, SD) 6.0 (1.6) 6.5(1.7) <0.001

Included in the calculation of the KIDMED score. "Includedin the calculation of the MDP index. SD: standard deviation.

“Scoring positive (+1). “Scoring negative (-1).
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ABSTRACT

Purpose: To examine the adherence to the Mediterranean dietary pattern (MDP) in
metabolically healthy overweight or obese (MHO) and metabolically unhealthy obese (MUO)
European adolescents.

Methods: In this cross-sectional study 137 overweight/obese adolescents aged 12-17 years old
from the HELENA study were included. Height, weight, waist circumference and skinfolds
thicknesses were measured and body mass index (BMI) and body fat percent were calculated.
Systolic and diastolic blood pressure, glucose, HDL-cholesterol, triglycerides and
cardiorespiratory fitness (20-m shuttle run test) were measured. MHO and MUO phenotypes
were categorized following the Jolliffe and Janssen criteria. Two non-consecutive 24-h recalls
were used for dietary intake assessment and the adherence to the MDP was calculated using
the Mediterranean dietary pattern score (MDP score) (range 0-9).

Results: A total of 45 (22 girls) adolescents (32.8%) were categorized as MHO. The adherence
to the MDP was significantly higher in MHO than in MUO adolescents regardless of age, sex,
body fat percentage, energy intake and center (MDP score: 4.6+1.6 vs. 3.9+1.5, p=0.036), but
this difference became non-significant after further adjustment for cardiorespiratory fitness.
Participants who had a low adherence to the MDP (MDP score <4) had a higher likelihood of
having MUO phenotype regardless of sex, age, energy intake, center and body fat percentage
(OR 2.2;95% Cl, 1.01-4.81, p=0.048).

Conclusions: Adherence to the MDP might be beneficial to maintain metabolic health in
overweight/obese adolescents, yet cardiorespiratory fitness seems to play a key role on the

metabolic phenotype.

Keywords: Metabolic health, Obesity, Mediterranean diet, Adolescents, Cardiorespiratory

fitness

91

Universidad Publica de Navarra
Nafarroako Unibertsitate Publikoa



INTRODUCTION

Childhood and adolescence obesity prevalence has increased over the last few
decades [1]. This chronic disease is associated with cardiometabolic risk factors such as insulin
resistance, dyslipidemia and hypertension [2]. However, several studies reported the existence
of metabolically healthy phenotypes, referred to as metabolically healthy overweight or
obesity (MHO), in whom no obesity associated comorbidities are found, whereas obesity
associated with metabolic abnormalities is known as metabolically unhealthy overweight or
obesity (MUQ)[3].

Although there is no a standard definition of MHO, which in turn leads to vary the
rates of MHO, the prevalence of the healthy phenotype seems to be close to 30% of
population with obesity and it is also negatively associated with obesity degree [4,5,6].

Diet and physical activity are lifestyle determinants of health closely related to obesity and its
complications [5]. Nowadays, nutrition research focuses more on examining the impact of
dietary patterns such as the Mediterranean diet (MDP) on health outcomes, instead of
exploring the effect of nutrients or individual food groups on health status. Thereby, dietary
patterns offer a more holistic description of dietary habits considering also the possible
interactions among nutrients and foods [6]. The MDP shows the typical dietary pattern
followed by people from Creta, Greece and Southern Italy in the 1960s [7]. This Mediterranean
region was the area with the highest life expectancy and with the lowest incidence of coronary
heart disease in the world. Adherence to the MDP has been associated with a reduction in
cardiovascular and all-cause mortality and type 2 diabetes incidence [8,9]. MDP is
characterized by high intakes of vegetables, fruits, nuts, cereals, legumes and olive oil as the
principal source of fat, moderate to-high- intake of fish, moderate consumption of dairy
products and wine (during meals) and low consumptions of meat and poultry [7]. Several
studies reported that adherence to the MDP improves health status in youths [9]. Accordingly,

we hypothesized that MHO adolescents might have a higher adherence to this dietary pattern
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than their MUO peers. The current study aimed to examine the association between the
adherence to MDP and metabolic health status in overweight and obese European adolescents

from the Healthy Lifestyle in Europe by Nutrition in Adolescence (HELENA) study.

MATERIAL AND METHODS
Study design

The HELENA study is a multicenter cross-sectional study which was designed to
evaluate the nutritional status and lifestyle in adolescents (12.5-17.5 years) from 10 European
cities between 2006 and 2007 [10]. Among the total sample of 3,528 participants, blood
samples were randomly selected and collected in a subsample of 1,069 adolescents [10]. A
detailed description of the HELENA study procedures and methodology has been published
elsewhere [11,12] . All adolescents participating in the study and their parents or legal
guardians had to sign an informed written consent so that they could be enrolled in the study.
The study protocol was approved by the corresponding local Human Research Review
Committees of the centers involved, which were the following ones: Athens in Greece,
Dortmund in Germany, Gent in Belgium, Lille in France, Roma in Italy, Stockholm in Sweden,
Vienna in Austria and Zaragoza in Spain. For the target of the current study, a total of 137
(14.8+1.3 years, 48.9 % girls) overweight or obese adolescents from whom dietary and

biomarkers data were available were included (Fig. 1).
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Whole HELENA sample
(n=3528)

Participants with blood samples
(n=1069)

Participants with overweight or obesity according to
the World Obesity Federation
(n=238)

Participants with dietary data and Mediterranean diet
score calculated
(n=137)

Fig 1. Flow diagram of study participants

Anthropometry and cardiometabolic risk factors

Anthropometric assessment was performed to categorize weight status, as well asto
examine body composition. Weight (SECA 861, Hamburg, Germany) and height (SECA 225,
Hamburg, Germany) were measured with a high-precision scale to the nearest 0.05 kg and
with a telescopic height measuring instrument to the nearest 0.1cm, respectively [11]. BMI
was determined as body weight divided by height squared (kg/m2) and overweight and
obesity status were categorized according to the World Obesity Federation criteria [12]. A non-
elastic tape (SECA 200) to the nearest 0.1 cm was used for waist circumference measurement.
In addition, tricipital and subscapular skinfold thicknesses were measured (Holtain) and body

fat percentage was computed using the Slaughter equation [13]. Blood pressure (systolic and
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diastolic) was measured twice with a 10 minutes time period between, using a clinical
automated digital blood pressure device (OMRON) and the lowest value was recorded.
Glucose, triglycerides and HDL-cholesterol, were obtained from blood samples collected after
10-h overnight fast by following an established blood collection and analysis protocol [14].
Cardiorespiratory fitness was determined using the 20-m shuttle run test as described
elsewhere [15]. Briefly, adolescents had to run between two lines 20m apart following an
audio signal from a recorded CD. The audio signal started with an 8.5km/h speed increasing by
0.5km/h per minute. When the participants did not reach the end line along with the audio
signal on two consecutive times or when the adolescent stopped because of exhaustion the
test was finished. Thereby, aerobic fitness was examined calculating the maximal oxygen

consumption (ml/kg/min) using the equation suggested by Leger et al [16].

MHO and MUO classification criteria

Several criteria have been proposed for metabolic health classification in pediatric
populations. Nevertheless, in the current study, in order to establish the criteria for classifying
metabolic status we followed the definition of MHO proposed by Ortega et al, which are a
detailed criteria based on a comprehensive review of the literature summarized into 7
scientific arguments (for more information, see tables 2 and 3 of the review) [17]. The criteria
for the classification of overweight/obese individuals as MHO or MUO of this review is in
accordance with previous large collaborative studies and international organizations
agreements, and it is also appropriate for using with youths [17]. This definition recommends
the use of the criterium proposed by Jolliffe and Janssen [18] for adolescent population, since
they classify metabolically healthy and unhealthy status based on specific sex and age cut-off
points. Using these criteria, adolescents were considered as MHO if they met zero of the
criteria; whereas adolescents were considered as MUO if they presented one or more of the

following cardiometabolic risk factors: high systolic and/or diastolic blood pressure, high blood
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glucose level, high triglycerides (TG) levels and low values of HDL-cholesterol. In accordance
with previous studies, waist circumference was not included in the definition of metabolic
health, considering that it is above the established thresholds in the majority of individuals

with overweight or obesity [18,20].

Dietary intake assessment

Two non-consecutive computerized 24-h recalls were used to assess dietary intake in a
time span of two weeks. These 24-h recalls were collected using the HELENA-Dietary
Assessment Tool (HELENA-DIAT) 24-h dietary recall software, a nutrition assessment tool
which is organized in six meal occasions (breakfast, mid-morning snack, midday meal,
afternoon snack, evening meal and evening snack) referring to the day before the interview.
This 24-h recalls were self-reported, but the adolescents were helped by trained dieticians
[20].
Adherence to the MDP was determined as the sum of the score assigned to nine food groups
and nutrients, including seven positive and two negative dietary components. The current
scale was based on the MDP scale of Trichopoulou et al [7]. Dietary intake of vegetables, fruits
and nuts, cereals roots, pulses, fish, dairy products and unsaturatedto saturatedfat ratio were
scored positively, scoring 1 point when the intakes were above the sex-specific median (50th
percentile) and scoring 0 when the intakes were below the sex-specific median (see
Supplemental Table 1 to find information about food intake and adherence to the MDP in the
whole HELENA sample including non-overweight adolescents). The intake of dairy products
was considered as a positive dietary component because in adolescence dairy products are
recommended due to growth and development processes. The intakes of fruits, nuts and
olives were included in the fruit and nuts variable; bread, cereals, flour, rice cereals, pasta and
potatoes were considered as cereal roots; and dairy products included milk, yoghurt and

cheese. In contrast, meat and processed meat and alcohol consumption were scored inversely.
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The value of 0 was given to a meat intake above the sex-specific median and a value of 1 when
the intake was below the median. Alcohol intake was considered as an unhealthy product in
adolescents and therefore a value of 1 was given if there was no consumption, while a value of
0 if there was any alcohol intake. Likewise, the range of the Mediterranean diet score (MDP
score) ranged from 0 (minimal adherence) to 9 points (maximal adherence). Thereafter, the
adherence to the MDP was classified into two groups, low (<4 points) and high (>5 points)

adherence to the MDP.

Statistical analysis

Independent t tests were used to identify differences between MHO and MUO groups
in continuous variables, while to examine differences in categorical variables chi-square tests
were used. Age and tanner stage were categorized to classify younger (age below median)
from older adolescents (age equal or above median) and adolescents with lower puberty stage
(below or equal puberty stage Ill) from those participants with high sexual maturation (equal
or above |V). (Variables with a non-normal distribution (glucose, triglycerides, HDL-cholesterol,
systolic and diastolic blood pressure, cardiorespiratory fitness and MDP score) were
logarithmically transformed. As the adherence to the MDP should be higher in the Southern
(Athens, Rome and Zaragoza) thanin Central-Northern (Dortmund, Ghent, Lille, Stockholm and
Vienna) European countries, this categorical variable thereafter called center (Central-
Northern vs. Southern country) was used as covariate in the analyses. As there were no
statistically significant differences in the prevalence of MHO and MUO phenotypes according
to the maternal educational level, the socioeconomic status of the parents was not included as
a confounder in the analyses. Differences in adherence to the MDP between MHO and MUO
groups were analyzed using univariate linear models with sex, age, energy intake and center
(model 1); sex, age, energy intake, center and body fat percentage (model 2) and sex, age,

energy intake, center, body fat percentage and cardiorespiratory fitness (model 3) as
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covariates. Binary logistic regression models were developed to analyze the relationship
between adherence to the MDP (low vs. high MDP score score) and metabolic phenotypes
(MHO vs. MUO) adjusted for sex, age, energy intake and center (model 1); sex, age, energy
intake, center and body fat percentage (model 2) and finally using sex, age, energy intake,
center and cardiorespiratory fitness (model 3) as covariates. Sensitivity analyses were carried
out with continuous odds ratio to analyze the relationship between the adherence to the MDP
and metabolic phenotypes. Statistical analyses were carried out with the statistical software

SPSS version 20.0 (SPSS Inc, Chicago) with a level of significance of a=0.05.

RESULTS

Anthropometric and biological characteristics in MHO and MUO adolescents are
shown in Table 1. Weight, BMI, maternal educational level and the percentage of participants
with obesity were significantly higher in MUO compared to MHO groups (p<0.05, Table 1). In
contrast, sex, age, pubertal status, height, waist circumference, body fat percentage and
maternal educational level did not differ between the two metabolic phenotypes. Overall, as
expected due to the definition of the metabolic phenotype, MHO adolescents had a healthier
cardiovascular profile, i.e., lower values of TG, systolic and diastolic blood pressure and higher
levels of HDL (p<0.001, Table 1). There were no significant differences (p=0.915) in the
distribution of MHO and MUO adolescents across the Center-North and South of Europe

(Supplemental Table 2).
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Table 1. Anthropometric and biological characteristics in metabolically healthy overweight or
obese (MHO) and metabolically unhealthy overweight or obese (MUO) adolescents

participating in the HELENA Study.

MHO MUO p

n=45 n=92

Mean (SD) Mean (SD)
Age (years) 14.7 (1.3) 14.7 (1.4) 0.812
Sex (males/females) 23/22 47/45 0.998
High puberty stage (N, %) 29 (64.4) 63 (68.5) 0.637
Older adolescents (N, %) 20 (44.4) 50 (54.3) 0.276
Weight (kg) 70.5(12.2)  77.2(14.7) 0.004
Height (cm) 164.8 (10.4) 167.4(9) 0.071
Waist circumference (cm) 81.8(7.7) 84.3(8.4) 0.083
Body mass index (kg/m?) 25.9 (0.5) 27.4(0.3) 0.012
Obese (N, %) 6(13.3) 31(33.7) 0.012
Body fat (%) 32.4(9.4) 35.5(8.8) 0.065
High maternal educational level (N, %) 9(20) 17 (18.5) 0.534
Glucose (mmol/L) 4.9(0.3) 5.1(0.5) 0.056
Triglycerides (mmol/L) 0.7 (0.3) 1.1(0.6) <0.001
HDL cholesterol (mmol/L) 1.4 (0.2) 1.2 (0.2) <0.001
Systolic blood pressure (mmHg) 113.5(8.0) 127.5 (15.6) <0.001
Diastolic blood pressure (mmHg) 61.5(9.1) 70.1(8.2) <0.001
Cardiorespiratory fitness (ml/kg/min) 39.9(10.8) 36.7 (8.2) 0.148

SD: Standard deviation; HDL: High-density lipoprotein; High puberty stage equal or above IV
Tanner stage; Older adolescents: age equal or above median). Student’s t test was used to
compare mean differences between MHO and MUQO groups in continuous variables, while chi-
square test was used to examine mean differences in categorical variables. Although analyses

were carried out with logarithmically transformed values, non-transformed data are shown in
the table in order to make an easier interpretation.

Table 2 shows dietary intake in MHO and MUO adolescents. Higher fish intake (%33.3)

was observed in MHO than in MUO adolescents (p<0.05, Table 2). In contrast, intake of
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vegetables, fruits and nuts, cereal roots, pulses, unsaturated to saturated fatty acids ratio,

dairy products, meat and alcohol were similar in MHO and MUO (Table 2).

Table 2. Dietary intake in metabolically healthy overweight or obese (MHO) and metabolically
unhealthy overweight or obese (MUO) adolescents.

Overweight participants

MHO (n=45) MUO (n=92) p

Mean (SD) Mean (SD)

Vegetables (g/day) 102 (79) 92 (57) 0.436
Fruits and nuts (g/day) 113 (88) 118 (77) 0.766
Cereal roots (g/day) 320(122) 295 (110) 0.235
Pulses (g/day) 5(14) 9 (28) 0.255
Fish (g/day) 24 (24) 16 (16) 0.040
FU/FS ratio (day) 0.93 (0.19) 0.93 (0.16) 0.923
Dairy products (g/day) 262 (305) 184 (164) 0.113
Meat (g/day) 140 (75) 147 (73) 0.612
Alcohol (g/day) 0.4 (0.7) 0.6 (1.2) 0.316
Mediterranean diet score (0-9) 4.5(1.7) 3.9(1.6) 0.044

High adherence (N, %) 25 (55.6) 34 (37) 0.039

SD: Standard deviation; FU/FS ratio: unsaturated to saturated fatty acids ratio. Although
analyses were carried out with logarithmically transformed values, non-transformed data are
shown in the table in order to make an easier interpretation.

The adherence to the MDP in MHO and MUO adolescents is shown in Fig. 2. It was
observed that the MDP score was significantly higher in MHO than in MUO adolescents
regardless of age, sex, energy intake and center (4.5£1.7 vs. 3.9+1.6, in MHO and MUO
respectively, p=0.044, Model 1, Fig. 2). This difference was strengthened when body fat
percentage was entered into the model (4.611.6 vs. 3.9+1.5, p=0.036, Model 2, Fig. 2), but it
was diminished and became statistically non-significant after further adjustment for

cardiorespiratory fitness (4.31£1.6 vs. 3.9+1.6, p=0.323, Model 3, Fig. 2).
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Fig. 2 Adherence to the Mediterranean diet in metabolically healthy overweight/obese (MHO,
n=45) and metabolically unhealthy overweight/obese (MUO, n=92) adolescents. Bars are
values of adjusted means and error bars are standard error of means. Model 1 was adjusted
for sex, age, energy intake and center; Model 2: was additionally adjusted with body fat
percentage (MHO/MUO n=43/88); Model 3: was further adjusted with cardiorespiratory
fitness (MHO/MUO n=30/77).

10

Odds ratio MHO

0,1
Adherenceto the MDP

Fig. 3 Odds ratios (boxes) and 95% confidence intervals (error bars represent values) after
adjusting for sex, age, energy intake and center (Model 1), additionally adjusted for body fat
percentage (Model 2) and adjusted for sex, age, energy intake, center and cardiorespiratory
fitness (Model 3).
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Odds ratios (OR) for having obesity-associated risk factors according to the adherence
to the MDP categories (low vs. high) are shown in Fig. 3. It was observed that adolescents with
low adherence to the MDP (MDP score <4) had higher likelihood of having MUO phenotype
regardless of sex, age, energy intake, center and body fat percent (OR 2.2; 95%Cl, 1.01-4.81,
p=0.048, Model 2, Fig. 3). However, when the analyses were further adjusted with
cardiorespiratory fitness the results were attenuated and became non-significant (OR 1.8;
95%Cl, 0.74-4.46, p=0.051, Model 3, Fig. 3). After sensitivity analyses with continuous OR, it
was observed that the odds ratio between the adherence to the MDP and MUO metabolic
phenotype was below one (OR0.8; 95% Cl, 0.58-0.97, sex, age, energy intake, center and body
fat percentage adjusted p=0.032), which means that higher adherence to the MDP is

associated with lower likelihood of being MUO.

DISCUSSION

The main finding of the current study is that overweight or obese adolescents with a
healthier metabolic profile (i.e., MHO) present higher adherence to the MDP (~7%) compared
to adolescents who have already developed cardiometabolic risk factors, and as a
consequence, have a worse metabolic profile. Thus, a higher score of the MDP scale was
observed among MHO than in their MUO peers, which could be due to higher fish intake
observed among MHO participants. Indeed, having a low adherence to the MDP increased by
twice the likelihood of having obesity-associated risk factors, and as consequence, having MUO
phenotype.

As expected, the majority of the cardiometabolic risk factors were higher in MUO than
in MHO adolescents. It was observed that approximately 33% of males and females did not
show cardiometabolic risk factors associated to excess adiposity. These findings are in line with
previous studies which reported that around a third part of teenagers with obesity could be

classified as MHO [21]. In any case, the prevalence of each group studied certainly depends on
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the metabolic syndrome status criteria used to classify individuals into MHO and MUO [17].
Moreover, the metabolic profile seems to worsen when increasing adiposity and/or duration
of obesity [22]. A recent study observed that the MHO phenotype decreased with age in both
genders [22]. Thus, MHO rates ranged between 4.2% and 68% in childhood and adolescence,
whereas MHO prevalence in adulthood across Europe was 7-28% and 2-19% for women and
men, respectively [22,3]. In our study, on the contrary, the metabolic status did not differ
across pubertal development stages or with age.

The effect of the diet quality or dietary patterns on metabolic phenotypes has already
been studied. For instance, researches of the National Health and Nutrition Examination
Survey examined the Healthy Eating Index in adolescents and adults with obesity and showed
that the diet quality was higher among MHO compared with MUO, which stands for having a
better compliance to the American Dietary Guidelines [5,23]. These findings concur with the
results of the current study suggesting that the adherence to the MDP could be a protective
factor to develop the MUO phenotype. In contrast, other authors did not find any significant
difference in macro/micronutritional composition among middle-aged obese adults with MHO
and MUO phenotypes and neither healthy obesity was associated with increased diet quality
[24,25].

The benefits of adherence to the MDP on metabolic risk have been extensively
studied. A higher adherence to the MDP has been related to lower BMI, glucose level and a
better lipid profile in children and adolescents [26]. Similarly, Zhong et al. observed that
adherence to MDP was associated with better glycemic control and lipid profile among
adolescents with type 1 diabetes who were less than twenty years-old at diagnosis [27]. In this
last study, adherence tothe MDP was assessed using the KIDMED questionnaire, and precisely,
an increase of two-points out of twelve in the KIDMED score (~%17 higher adherence) was
associated with 4 mg/dL lower total cholesterol and 3.4 mg/dL lower LDL-cholesterol [27]. In

another study with hypercholesterolemic children, after 12-month of nutritional intervention

103

Universidad Publica de Navarra
Nafarroako Unibertsitate Publikoa



based on MDP, an approximately 10% decrease of total and LDL-cholesterol levels was
observed [28]. Although several studies have examined the influence of the adherence to the
MDP on cardiovascular health in children and adolescents [26,28], as far as we are aware,
there is no previous study examining the adherence to the MDP on MHO and MUO
phenotypes in youths which hampers comparisons among studies.

The present study demonstrated that adolescents with a healthy metabolic profile
showed to have a higher fish intake compared to those with metabolic abnormalities. The
effect of fish intake in metabolic status has previously been studied by different authors.
Likewise, Kim et al. observed that high fish intake was associated with lower TG and blood
pressure and higher HDL cholesterol levels [6,29]. Thus, individuals who were in the highest
third of fish intake had 65% lower risk of having metabolic syndrome comparing with those in
the lowest third. The possible preventive role of fish consumption in the development of the
metabolic syndrome in adults was examined in a systematic review, and the authors concluded
that fish consumption may improve metabolic health [31]. Dietary fatty acid composition is
also likely to be involved in the protective role of metabolic syndrome [7,31]. Previous studies
proposed that polyunsaturated fatty acids in fish could be the possible connectors between
dietary intake and health benefits [29,32]. This observation is in accordance with the higher
fish consumption (~33%) observed in our sample of MHO compared to MUO adolescents. In
contrast, other studies did not observe any significant association between dietary fish intake
and metabolic status [34] or showed that this preventive role of fish might be gender-related
[35]. Unexpectedly, in a previous study of Danish adolescents, fish intake was associated with a
poorer metabolic profile [ 36].

We observed that the difference in the adherence to MDP between MHO and MUO
groups became non-significant after further adjustment for cardiorespiratory fitness. However,
this finding should be interpreted carefully due to the missing values for cardiorespiratory

fitness in the sample that could affect this observation. Cardiorespiratory fitness is an
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important health marker [37] which has been associated with a healthier cardiovascular status
and a lower risk of metabolic factors already in children [38]. In line with our results, other
studies reported that metabolic health is influenced by cardiorespiratory fitness in adolescents
[39]. In this way, in a recent review Ortega et al. examined the role of fitness in MHO and
suggested that higher cardiorespiratory fitness level may be a key characteristic of MHO
phenotype [40]. To the opposite, other authors did not find any association between fitness
and MHO phenotype in youth; nonetheless, lower levels of fatness and the lack of hepatic

steatosis were strongly associated with MHO phenotype in these adolescents [41].

Strengths and limitations

This study has several limitations. First and foremost, the sample size is low due to the
inclusion criteria considered in the current study (overweight/obesity status, blood samples
and dietary intake data available). Nevertheless, adolescents were randomly chosen to collect
blood samples in order to avoid selection bias in the HELENA study [10]. Second, the cross-
sectional design of the study should be also considered as a limitation since it does not help to
determine causality and directionality of the relationships. We cannot absolutely exclude that
dietary data could reflect any medical or dietary advice received prior to recruitment.
However, its probability is low because one of the inclusion criteria in the HELENA study was
that all study participants should be at least apparently healthy. Although can indeed being
dietary assessment challenging among adolescents, the 24-h dietary recall methods that was
used in the HELENA study has been evaluated and has shown good validity and accuracy in
adolescents [42].

In conclusion, findings of the current study suggest that MHO adolescents have a
higher adherence to the MDP compared to MUO adolescents which might be mainly due to a
higher fish intake, supporting the possible preventive role of the MDP and its components in

the metabolic syndrome development. Moreover, cardiorespiratory fitness might also play a
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key role in the healthy metabolic phenotype. Hence, nutritional and lifestyle education
programs focused on children and adolescents which include physical activity are needed to
achieve healthy dietary habits, as well as to increase cardiorespiratory fitness, with the aim of

improving metabolic health and preventing obesity-related comorbidities in later life.
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Supplemental Table 1. Sex-specific median intakes in the whole sample of adolescents
participating in the HELENA study whose dietary data were available.

Males (n=1077)

Female (n=1253)

Vegetables (g/day)
Fruits and nuts (g/day)

Cereal roots (g/day)

Pulses (g/day)

Fish (g/day)
FU/FS ratio (day)

Dairy products (g/day)

Meat (g/day)
Alcohol (g/day)

Mediterranean diet score (0-9)

High adherence (N, %)

Median (range)
78 (5,410)

99 (8,671)

320 (109, 719)
2 (0, 319)

12 (0, 126)
0.87(0.53, 1.71)
207 (16, 2398)
157 (11, 630)
0.5 (0, 54.4)

4 (0, 8)

451 (41,9%)

Median (range)
82 (7, 538)

113 (5, 629)
257 (74, 626)

1 (0, 304)

13 (0,111)

0.88 (0.55, 2.01)
153 (7, 1296)
123 (13, 458)
0.3 (0, 30.4)
4(0, 8)

564 (45%)

FU/FS ratio: unsaturated to saturated fatty acids ratio.
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Supplemental Table 2. Distribution of metabolically healthy overweight or obese (MHO) and
metabolically unhealthy overweight or obese (MUOQ) adolescents and the adherence to the
Mediterranean dietary pattern of participants across Center-North and South European

regions.
Metabolic Mediterranean diet score
phenotype
MHO (n) MUO P* Mean +SD p*
(n)
Regions
Center-North Europe 25 52 0.915 39115 0.060
Dortmund 5 23 3.7+15
Ghent 3 5 4+1.3
Lille 6 6 3.5%1.5
Stockholm 8 6 4.7+1.5
Vienna 3 12 3.6+1.4
South Europe 20 40 45+1.7
Athens 6 20 35+1.6
Rome 11 16 51+1.3
Zaragoza 3 4 6.1 +0.7

SD: Standard deviation. *P values show the difference across Center-North vs South Europe
gradient.
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ABSTRACT

There is a general believe that having breakfast is an important healthy lifestyle factor;
however, there is scarce evidence on the influence of breakfast quality and energy density on
cardiometabolic risk in children, as well as on the role of physical activity in this association.
The aims were (i) to examine the associations of breakfast quality and energy density from
both solids and beverages with cardiometabolic risk factors, and (ii) to explore whether
physical activity levels may attenuate these relationships in children with overweight/obesity
from two projects carried out in the north and south of Spain. Breakfast consumption,
breakfast quality index (BQl) score and BEDs/BEDb (24h-recalls and the KIDMED
guestionnaire), and physical activity (PA; accelerometry) were assessed, in 203 children aged
8-12 vyears with overweight/obesity. We measured body composition (Dual X-ray
Absorptiometry), uric acid, blood pressure, lipid profile, gamma-glutamyl-transferase (GGT),
glucose and insulin, and calculated HOMA and metabolic syndrome z-score. BQl score was
inversely associated with serum uric acid independently of a set of relevant confounders (B=-
0.172, p=0.028), but the relationship was attenuated after further controlling for total PA
(p<0.07). BEDs was positively associated with total and HDL cholesterol, and systolic blood
pressure regardless of confounders (all p<0.05), while BEDb was positively associated with
HOMA in either active/inactive children (all p<0.03). In conclusion, higher breakfast quality and
lower breakfast energy density should be promoted in overweight/obesity children to improve

their cardiometabolic health.

Keywords: Breakfast quality, breakfast energy density, skipping breakfast, cardiometabolic

health, childhood obesity, uric acid, HOMA, cholesterol, blood pressure, physical activity.
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INTRODUCTION

Breakfast has traditionally been considered as being not only the first, but also the
most important meal of the day. Skipping breakfast is associated with excess adiposity from
childhood (1-3) and therefore, breakfast consumption has been suggested as a childhood
obesity-preventing strategy (4). Indeed, it has been reported that children are hungrier and
consume more food before lunch when skipping breakfast, while it is unclear when skipping
other meals (5). The overall diet quality of children who consume breakfast is healthier
compared to those who skip it (6). Skipping breakfast prevalence increases with age (7) and it
is associated with increased abdominal (8) and visceral adiposity (9), metabolic syndrome (10)

and lower levels of physical activity (11).

Currently, on account of the wide variety of food available, the ultra-processed food is
common in children’s diet. Breakfast of Spanish children is predominantly composed of sugary
and fat-rich products such as biscuits, pastries, breakfast cereals, artificial juices and
milkshakes (12). In this line, a previous study reported that breakfast frequency and quality
may affect glycaemia and appetite in both children and adults (13). Thus, Monteagudo et al.
proposed a Breakfast Quality Index (BQl), an itemized tool based on the well-known
Mediterranean dietary pattern, to assess breakfast quality in children and adolescents (14).
Recently, energy density has been used as dietary parameter to evaluate the associations
between diet and adiposity (15). A previous study suggested to analyze energy density from
solids (BEDs) and beverages (BEDb) separately since excluding caloric beverages from BEDs
calculation seems to be a useful method to avoid misinterpretation of true exposure to a high
energy dense diet (16). Thereby, diet quality and energy density are important dietary factors
when analyzing the adequacy of breakfast as well as of the other meals such as lunch or

dinner.
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Physical activity is associated with a lower risk of cardiovascular disease (17), and
specially, with insulin resistance (18). Moreover, previous studies observed that high physical
activity levels may reduce the detrimental effect of unhealthy dietary patterns in children and
adolescents (19). Previous studies concluded that youth who seldom ate breakfast tended to
be more sedentary (20) (21). According to a Swedish study, children aged 10 years consuming
a breakfast which provided over 20% of their estimated daily energy requirements, performed
significantly better before-lunch physical endurance tests compared to children who
consumed a breakfast providing only 10% of energy requirements (22). However, there is no
strong evidence on whether having a low energy intake breakfast time is detrimental to

children’s physical activity levels (23).

Therefore, given that both the quality and the energy density seem to be important
dimensions of the first meal of the day, to be considered for their potential relationship
between obesity and related metabolic disorders, and that physical activity may attenuate the
detrimental effect of unhealthy breakfast habits on cardiometabolic health, the aims of the
current study were: (i) to examine the associations of breakfast quality and energy density
from both solids and beverages with cardiometabolic risk factors, and (ii) to explore whether
physical activity levels may attenuate these relationships in children with overweight/obesity

from two projects carried out in the north and south of Spain.

MATERIAL AND METHODS

Study design and participants

The current cross-sectional pooled analysis includes baseline data from the EFIGRO
(ClinicalTrials.gov 1D: NCT02258126) (24) and the ActiveBrains (ClinicalTrials.gov ID:

NCT02295072) (25) randomized controlled trials. Both studies involve participants with the
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same characteristics and were conducted between 2014 and 2017. The EFIGRO study was
carried out in Vitoria-Gasteiz, (North of Spain), with the aim of examining the additional effect
of supervised exercise training on hepatic fat content in children with overweight/obesity
participating in a family-based healthy lifestyle educational intervention. The ActiveBrains
project was conducted in the southern Spanish city of Granada with the main objective to
investigate the effect of a supervised exercise training program on brain, cognition, academic
achievement as well as physical and mental health in children with overweight/obesity. The
study protocols were approved by the Ethic Committee of Clinical Investigation of Euskadi
(P12014045) and the Review Committee for Research Involving Human Subjects at University
of Granada (Reference: 848, February 2014), respectively. Parents or legal guardians whose
child was participating in the study signed an informed written consent before being enrolled

in the study.

For the current cross-sectional study we used the baseline data of a total of 203
children (47.3% girls) with overweight/obesity, aged 8-12 years and with dietary data available

from two non-consecutive 24h-recalls were included in the analysis.

Anthropometry, cardiometabolic risk assessment and socio-demographic data

Height (SECA 220, Hamburg, Germany) and body weight (SECA 760, Hamburg,
Germany) were measured barefoot following the standard protocols. Body mass index (BMI)
was calculated as body weight divided by height squared (kg/m2). According to World Obesity
Federation criteria, children were classified as having overweight or obesity (26). Waist
circumference was measured by a non-elastic tape (SECA 201, Hamburg, Germany) after a
normal breathing in standing position, at the middle point between the anterior iliac crest and
lower border of the rib. Total and abdominal fat were assessed by dual energy X-ray
absorptiometry (DXA; HOLOGIC, QDR 4500W and HOLOGIC, Discoveri Wi for EFIGRO and

ActiveBrains, respectively) and FMI was calculated as fat mass divided by height squared
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(kg/m2). Abdominal adiposity was measured by determining three abdominal sections as

described elsewhere (27).

Systolic and diastolic blood pressure (OMRON ® M6) were measured twice following
recommendations for children (28). Puberty stage was determined by direct examination by a
pediatrician according to Tanner and Whitehouse (29). Biochemical parameters such as serum
lipid profile, gamma glutamyl transferase (GGT), glucose, insulin and uric acid were obtained
from fasting blood samples as has been reported elsewhere (24) (25). Insulin resistance was
determined by computing homeostatic model assessment (HOMA) as follows: (insulin (uU/mL)
x glucose (mmol/dL))/22.5) (30). Maternal educational level was recorded and categorized as

high (university or higher education) or low (primary, secondary or high school).

Children were categorized as having or not metabolic syndrome according to the IDF
criteria (31). According to this definition, children were considered as having MetS if they
presented 3 or more metabolic risk factors (central obesity; elevated systolic (2130 mmHg) or
diastolic (285 mmHg) blood pressure; elevated triglycerides (=150 mg/dl) or low HDL
cholesterol (<40 mg/dl); and impaired fasting blood glucose (=100 mg/dl). We calculated the
metabolic syndrome z-score based on sex- and age-specific z-scores using data from a sample
of Spanish children with a similar age range and with all BMI categories (32). MetS z-score was
computed by using the sum of the sex- and age-specific z-scores for the most common
variables included in the metabolic syndrome definition (triglycerides, HDL-cholesterol, glucose

and systolic and diastolic blood pressure) (33).

Breakfast intake, quality and energy density assessment

Two non-consecutive 24h-recalls of weekdays were recorded during a time span of a
week by trained nutritionists, and thereafter, the mean of energy intake as well as food intake
of both days was calculated. Children reported their detailed intake from the previous day in

an interview with trained nutritionists and with the collaboration of their parents. Parents
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were not aware of the dietary assessment previous to the interview in order to avoid reporting
bias. Pictures of food servings were used to estimate servings and food sizes (34). Nutritional
composition data wasobtained by the Easydiet computer software (©Biocentury, S.L.U. 2016),
which is supported by the Spanish Association of Dietetics and Nutritionists. Those participants
with a single questionnaire or with non-completed data on dietary intake were excluded from

the analyses (N=22).

Skipping breakfast information was obtained (i) extracting an item from the KIDMED
questionnaire (35), and (ii) based on meals recorded in the 24h-recalls. In addition, the quality
of the breakfast was evaluated based on the modified tool “Breakfast Quality Index (BQl)”
proposed by Monteagudo C et al. (14), which was slightly modified. The index used in our
study is composed of 10 items related to breakfast consumption and is based on whether
children meet or not the criteria of each component. The criteria to score one point in each
item are the following: to consume (i) cereals and derivates, (ii) fruits and/or vegetables, (iii)
dairy products, (iv) to provide <5% of total daily energy from food rich in simple sugars from
breakfast, (v) to consume olive oil, (vi) monounsaturated to saturated fatty acids ratio
(MUFA/SFA) 22:1, (vii) to provide 20-25 % of energy from breakfast in relation to total daily
energy intake, (viii) to consume cereals, fruits and dairy products at the same meal, (ix) to
consume >200-300 mg of calcium, and (x) not to consume butter or margarine. Thereby, 1
point was scored when children met the criterion in each item, while a value of 0 was given
when this was not achieved. The BQl score ranged from 0O (poorest breakfast quality) to 10
points (optimal breakfast quality). Detailed information of the BQIl score is available in

Supplemental table 1.

Breakfast energy density from both solids and beverages was calculated by dividing
the energy consumed (kcal) by the amount (mass in grams) of food or drinks consumed,

respectively (kcal/g). Breakfast energy density from solids (BEDs) includes all solid food
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excluding all energy-containing and non-energy-containing beverages, whereas breakfast
energy density from beverages (BEDb) included all drinkable energy-containing beverages such

as soft drinks, milk, smoothies, shakes or juices.

Physical activity assessment

Accelerometers were used to objectively measure total physical activity (wActisleep-
BT and wGT3X-BT, ActiGraph, Pensacola, FL, USA). Children had to wear the accelerometer on
the non-dominant wrist during a seven consecutive days (24h) except during water-activities.
In order to quantify the acceleration related to the movement registered and expressed in
milligravity (mg), Euclidean Norm Minus One (ENMO) was analyzed using the R software (GGIR
Packae, v. 1.5-12, https://cran.r-project.org/web/packages/GGIR/). Moderate-to vigorous
physical activity (MVPA) was estimated by establishing age-specific cut-offs for ENMO (36) as
recommended elsewhere (37). Children were considered as active when meeting the criteria
of reaching a minimum of 60 minutes of MVPA per day and as inactive when MVPA<60

min/day (38).

Statistical analysis

The distribution of the variables was analyzed by exploring the skewness and kurtosis,
and as triglycerides, GGT, insulin and HOMA did not have a normal distribution, all of them
were logarithmically transformed. As the DXA used in both of the studies to assess total and
abdominal adiposity was similar but not exactly the same model, Z-score of FMI and
abdominal adiposity according to the study center was calculated in order to avoid any
possible systematic error. To examine the association of breakfast quality with cardiometabolic
risk factors linear regression analyses were performed considering breakfast quality as
independent variable and cardiometabolic risk factors as dependent variables. For this purpose
three models were performed; sex, age, center (Vitoria or Granada), maternal educational
level and energy intake were used in Model 1; Model 2 was additionally adjusted for FMI and
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in Model 3 the analysis was further adjusted for total physical activity. This last was included in
the third model to explore if physical activity plays any role in the association between
breakfast dimensions and cardiometabolic risk. Linear regression analyses were also
performed to examine the association of energy density from solids and beverages
(independent variables) with cardiometabolic risk factors and MetS z-score (dependent
variables). The same models were used for both objectives. As sensitivity analyses, all the
regression models were repeated including puberty stage instead of age as confounder. Sex
interaction was also examined and no significant differences were found, thus, the results are
presented with boys and girls together. Statistical analyses were carried out with the statistical

software SPSS version 20.0 (SPSS Inc, Chicago) with a level of significance of a=0.05.

RESULTS

Descriptive characteristics and dimensions of breakfast intake of participants are
shown in Table 1. Overall, it was observed that 7-21% and 4-11% of girls and boys,
respectively, used to skip breakfast depending on the criteria used to define skipping
breakfast. Although there were non-significant differences neither according to sex nor to
study center in skipping breakfast, girls tended to skip breakfast more than boys (all p<0.05).
Finally, boys had higher levels of total daily physical activity and MVPA than girls (p<0.05),
while there were no significant differences according to the study center. BQl score was similar
in boys and girls (Table 1), whereas children from the ActiveBrains trial had significantly higher
BQl score compared to children from the EFIGRO project, and therefore, had a better
breakfast quality (p<0.001). In contrast, BEDs and BEDb were similar in boys and girls, as well

asin the two study centers (Table 1).
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Table 1. Descriptive characteristicsand dimensions of breakfast intake of participants.

N All N Girls N Boys N EFIGRO N ActiveBrains
Biological characteristics
Age (years) 203 10.3(1.1)° 96 10.3(1) 107 10.4(1.2) 112 10.6(1.1) 91 10(1.1)
BMI (kg/m?) 203 26.1(3.5) 96 25.9(3.6) 107 26.3(3.5) 112 25.5(3.1) 91 26.9(3.8)
Obese (N, %) 203 135(65.5) 96 59(61.5) 107 76(71.0) 112 66 (58.9) 91 69(78.8)
High maternal educational level (N, %) 203 54(26.2) 96 25(26) 107 29(27.1) 112 28(25) 91 26(28.6)
High puberty stage (N, %)® 197 45(23.1) 88 35(38.9) 98 10(9.7) 102 32(29.4) 84  13(15.1)
Waist circumference (cm) 203 84.1(10.5) 96 81.8(10.4) 107 86.3(10.2) 112 79(7.6) 91  90.4(10.3)
FMI (kg/m?) 184 10.7(2.5) 86  10.7(2.6) 98  10.6(2.5) 110 10.1(2.3) 74 11.5(2.7)
Abdominal fat (kg) 183 1.7(0.6) 86 1.7 (0.6) 96 1.6 (0.6) 110 1.5(0.6) 73 1.8(0.6)
Systolic blood pressure (mmHg) 197 105.2(15) 94 103.9(15) 103 106.4(14.8) 112 96.2(10.1) 85 117 (11.6)
Diastolic blood pressure (mmHg) 197 65.4(9.8) 94  64.6(9.5) 103 66.1(10) 112 61.6(8.3) 85 70.3(9.5)
Uric acid (mg/dl) 188 4.7(0.9) 87 4.9(0.9) 101 4.6(0.8) 108 4.7(0.8) 80 4.7(0.9)
Cholesterol (mg/dl) 197 170.3(30.6) 93 170.4(32.1) 104 170.2(29.3) 110 171.7(28.4) 87 168.6(33.2)
HDL-c (mg/dl) 197 51.1(11.6) 93  49(11.1) 104 53(11.8) 110 51(11.2) 87 51.3(12.1)
LDL-c (mg/dI) 189 102.8(24.9) 88 104.2(24.8) 101 101.5(25) 110 104 (23.8) 79 101 (26.4)
Triglycerides (mg/dl) 197 89.9(50) 93  96.6(53.3) 104 84 (46,3) 110 83.7(39.5) 87 97.8(60.1)
Glucose (mg/dl) 197 85.9(6.2) 93  84.8(6.5) 104 86.9(5.8) 109 85.4(5.5) 88  86.5(7.1)
Insulin (LU/1) 194 12.9(8.5) 93 14.4(10.7) 101 11.5(5.6) 110 12.2(5) 84 13.9(11.6)
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HOMA 192 2.8(2.1) 92 2.9(1.7) 100 2.6(1.3) 109 2.6(1.1) 83 3.2(2.1)
GGT (U/1) 184 16.9(5.9) 85 16.9(6.8) 99  16.9(5.1) 108 16.3(4.8) 76 17.7(7.3)
MetS (N, %) 181 12(6.1) 8 7(7.8) 95 5(4.9) 105 4(3.7) 76  8(9.3)
MetS Z-score 181 2.4(3.7) 86 2.2(3.9) 95 2.5(3.7) 105 0.5(2.9) 76 4.9(3.3)
Physical activity*

Total physical activity (ENMO min/day) 191 63 (15.4) 92 59.7(13.7) 99 66.1(16.5) 104 64.1(16.4) 87 61.8(14.3)
MVPA (min/day) 191 54.4(20.9) 92  48.4(18.3) 99  59.9(21.7) 104 56.8(21.7) 87 51.5(19.6)
Skipping breakfast (N, %)

24h-recall criteria 203 11(5.3) 9% 7(7.2) 107 4(3.7) 112 4(3.5) 91 7(7.5)
KIDMED item criteria 172 26 (12.6) 80 17 (21.3) 91 9(11) 9% 14 (14.6) 75 12 (16)
Breakfast quality

BQl score (0-10) 191 4.2(1.3) 90 4.1(1.3) 100 4.2(1.2) 109 3.8(1) 82 4.6 (1.5)
Breakfast energy density

From solids (BEDs) 179 3.3(1.1) 86 3.3(1.2) 92 3.3(1.1) 109 3.3(1.3) 70  3.4(0.9)
From beverages (BEDb) 191 0.5(0.3) 88 0.5(0.2) 102 0.5(0.1) 109 0.5(0.2) 82 0.5(0.1)

BMI, Body mass index, FMI, fat mass index; HDL-c, High density lipoprotein cholesterol, LDL-c, low density lipoprotein cholesterol, HOMA, homeostasis
model assessment for insulin resistance; GGT, gamma glutamyl transferase; MetS, metabolic syndrome; MVPA, moderate-to vigorous physical activity;

BEDs, breakfast energy density from solids; BEDb, breakfast energy density from beverages.

§ Values are means and standard deviations

@ High puberty stage was considered as Tanner stage equal or above IlI

¥-Physical-activitywas obtained from raw data based on Hildebrand et al (30).
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A higher percentage of boys met the criteria of having a dairy product included in the
breakfast than girls (p<0.02, Supplemental table 2). The rest of the breakfast components
included in the BQl were similar according to sex. Moreover, significantly higher number of
participants from the ActiveBrains project met the criteria for BQl components such as cereals
(p<0.001), food rich in simple sugars (p<0.05), MUFA-rich fats (p<0.001) and MUFA/SFA ratio

(p<0.05) compared to children from the EFIGRO project (Supplemental table 2).

The associations of BQl score with cardiometabolic risk factors are shown in Table 2.
BQl score was significantly and inversely associated with serum uric acid after adjusting for sex,
age, center, maternal educational level, daily energy intake and FMI (p<0.05, Model 2, Table
2). However, this association was attenuated after further controlling for total physical activity
(p<0.07, Model 3, Table 2). Although there was a trend to significance between BQl score and
GGT, BQI score was not significantly associated with the rest of cardiometabolic risk factors in

children with overweight/obesity.

Table 2. Associations of Breakfast Quality Index (BQl) score with cardiometabolic risk factors.

Model 1 Model 2 Model 3

B p B P B P
FMI Z-score 0.057 0.455 - - - -
Abdominalfat Z-score 0.024 0.752 -0.028 0.478 -0.047 0.235
SBP (mmHg) 0.047 0.384 0.042 0.426 0.034 0.533
DBP (mmHg) 0.034 0.625 0.029 0.674 0.041 0.553
Uric acid (mg/dl) -0.128 0.091 -0.172 0.028 -0.151 0.060
Cholesterol (mg/dl) -0.038 0.625 -0.036 0.659 -0.017 0.845
HDL-c (mg/dl) -0.022 0.779 0.017 0.831 0.009 0.913
LDL-c (mg/dl) -0.039 0.629 -0.046 0.582 -0.017 0.849
Triglycerides (mg/dl) -0.008 0.913 -0.030 0.699 -0.020 0.804
HOMA -0.016 0.845 0.022 0.779 0.020 0.809
GGT (U/l) -0.136 0.096 -0.144 0.082 -0.161 0.061
MetS Z-score -0.018 0.779 -0.022 0.725 -0.011 0.869

FMI, Fat mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure, HDL-c, High
density lipoprotein cholesterol, LDL-c, low density lipoprotein cholesterol; HOMA, Homeostasis
model assessment for insulin resistance; GGT, gamma glutamyl transferase; MetS, metabolic
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syndrome. Model 1 was adjusted for sex, age, center, maternal educational level and energy
intake; Model 2 was additionally adjusted for fat mass index; and Model 3 was further
adjusted for total physical activity.

The associations between breakfast energy density and cardiometabolic risk factors
are shown in Table 3. BEDs was significantly associated with total cholesterol regardless of
potential confounders (p<0.05, Model 2, Table 3) and of total physical activity (p<0.05, Model
3, Table 3), as well as with with HDL cholesterol regardless of potential confounders (p<0.05,
Model 2). Similarly, BEDs was positively associated with systolic blood pressure (p<0.05, Model
2, Table 3). BEDb was significantly associated with HOMA after controlling for potential
confounders including physical activity (p<0.03 for all, Model 1, 2 and 3, Table 3). Furthermore,
after categorizing children as being active (MVPA =60 min/day, N=54) or inactive (MVPA <60
min/day, N=88), the current positive association between BEDb and HOMA remained
statistically significant ($=0.288; adjusted P=0.025, and =0.250; adjusted P=0.022 for active

and inactive children, respectively).

Finally, all the analyses examining the associations of BQl and energy density of
breakfast were repeated including puberty stage instead of age into the models and the results

did not substantially change (data not shown).
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Table 3. Associations of breakfast energy density from solids (BEDs)and beverages (BEDb) with cardiometabolic risk factors.

BEDs BEDb

Model 1 Model 2 Model 1 Model 2

B p B p B P B p
Systolic blood pressure (mmHg) 0.100 0.068 0.074 0.183 0.086 0.109 0.087 0.110
Diastolicblood pressure (mmHg)  0.009 0.900 -0.018 0.795 0.011 0.880 0.006 0.930
Uric acid (mg/dl) 0.057 0.478 0.054 0.506 0.017 0.831 0.008 0.919
Cholesterol (mg/dl) 0.163 0.044 0.178 0.033 0.021 0.794 0.022 0.793
HDL-c (mg/dl) 0.188 0.015 0.172 0.031 0.052 0.500 0.064 0.421
LDL-c (mg/dl) 0.107 0.195 0.125 0.145 0.035 0.672 0.032 0.710
Triglycerides (mg/dl) 0.027 0.725 0.037 0.647 -0.020 0.798 -0.026 0.744
HOMA-IR 0.072 0.389 0.101 0.245 0.214 0.011 0.216 0.012
GGT (U/l) 0.111 0.176 0.119 0.159 -0.026 0.753 -0.022 0.794

BEDs, Breakfast energy density from solids; BEDb, breakfast energy density from beverages; HDL-c, High density lipoprotein cholesterol, LDL-c, low density
lipoprotein cholesterol; HOMA-IR, Homeostasis model assessment for insulin resistance; GGT, gamma glutamyl transferase. Model 1 was adjusted for sex,
age, center, maternal educational level, energyintake and body fat percentage; and Model 2 was additionally adjusted for total physical activity.
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DISCUSSION

The current study examined the association of several breakfast dimensions on
cardiometabolic risk in children with overweight/obesity aged 8-12 years old. The main
findings were that both breakfast quality and breakfast energy density were associated with
some of the cardiometabolic risk factors studied. BQl score was inversely associated with
serum uric acid, while breakfast energy density from solids was related to higher total and HDL
cholesterol and higher breakfast energy density from beverages was associated with higher
levels of insulin resistance independently of physical activity levels in children with
overweight/obesity. To the best of our knowledge, this is the first study examining the
association of breakfast quality and energy density on cardiometabolic risk in children with

overweight/obesity.

In regards to skipping breakfast, a higher prevalence of skippers was reported by
following the KIDMED criteria than by using the 24h-recall questionnaire since 24h-recall
criteria could only reflect two of the interviewed days and there might be children who were
usual skippers, but consumed breakfast in the interviewed days by chance. Previous studies
reported a breakfast skipping prevalence of 10-30% in children and adolescents from the

United States and Europe (39), with an even higher prevalence in individuals with obesity (40).

Taking into account that two items from the BQl were related to monounsaturated
fats, children from the ActiveBrains project could have higher BQl score because in the south
of Spain the consumption of virgin olive oil is higher than in other regions. Indeed, children
from the ActiveBrains study (south of Spain) tended to consume higher intakes of virgin olive
oil in their breakfast whereas children from the EFIGRO study (north Spain) were more likely to
consume less unhealthy alternatives such as biscuits, breakfast cereals with sugar added or

pastries and therefore, did not obtain a positive value in those items.
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We found a negative association between BQI score and serum uric acid levels albeit
no with other cardiometabolic risk markers such as lipid, glycemic profile or metabolic
syndrome. Previous research showed that serum uric acid is related to cardiovascular disease
(41,42), which in turn is an independent predictor for future cardiovascular mortality (43). Milk
proteins seem to decrease serum uric acid concentration in adults (44) and as BQl scored
positively with the presence of dairy products in the meal, they could be one of the
responsible components. A cross-sectional analysis of two Caucasian adults cohorts reported
lower serum uric acid levels in participants with higher consumption of carbohydrates, calcium
and vitamin B2 and lower fat intake (45). The same study also examined individual food items,
and high consumption of dairy products, fiber-rich bread, cereals and fruits were negatively
associated with serum uric acid. Of note is that all these mentioned foods are components of
BQl which score positively and therefore could partially explain our findings. However, it
should be pointed that BQI was not associated with other cardiometabolic risk markers and
metabolic syndrome. Overall, little is known about the influence of breakfast quality on
cardiometabolic risk in children. Most studies in pediatric population examined just which
were the health consequences of the consumption or skipping breakfast, whereas the few
studies examining the quality of breakfast were carried out in adults (46), which hamper
comparisons. Hence, asfar as we are aware, there are no previous studies exploring the effect

of breakfast quality in cardiometabolic health of children with overweight/obesity.

Regarding energy density, we also observed that BEDs and BEDb was positively
associated with both total and HDL cholesterol as well as with systolic blood pressure. The
association of energy density from solids with HDL could be explained by the fact that virgin
olive oil that was added to the toasts in breakfast was considered as solid as a whole (toast
with virgin olive oil), since virgin olive oil is not drinkable. Cumulative evidence suggests that
virgin olive oil may have a preventive role in coronary disease due to its monounsaturated
fatty acids and polyphenolic compounds content (47) (48). In addition, considering that olive
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oil is energetically dense, the consumption of olive oil could be the responsible of the positive
association between breakfast energy density from solids and HDL cholesterol. Furthermore,
the ultra-processed consists on an energy-dense food due to its high salt, fat and sugar
content. The positive association we found between BEDs and systolic blood pressure could be
explained by the high consumption of salt and sugars present in ultra-processed food
consumed at breakfast since both sugar and salt intakes have been associated with increased

blood pressure (49,50).

One important finding of the current study is that BEDb might be associated with
insulin resistance in children with overweight/obesity. Interestingly, this association was found
regardless of being an active (meeting PA recommendations) or inactive (not meeting PA
recommendations) children. A possible explanation for this relationship could be that almost
all the kids of our projects tend to add soluble cocoa or similar sweeteners to their milk cups,
which in turn, increase the energy density from these beverages. Moreover, some of the
participants consumed artificial juices as a substitute of fruit or natural fruit juice. This fact
would be in line with a study that reported that added sugars from liquid sources is associated
with impaired glucose homeostasis and insulin resistance among youth at risk of obesity (51).
Similarly, Donin et al. reported a positive association between dietary energy density and
insulin resistance and fat mass index in children aged 9-10 years (52), even though these
associations were attenuated and became non-significant after adjustment for energy intake.
According to another study in adults, total daily energy dietary energy density was associated
with obesity and metabolic syndrome (53). Taken into consideration that this positive
association was observed in both active and inactive children, our hypothesis about the
attenuation of the detrimental effects of the unhealthy breakfast by physical activity in

cardiometabolic health was not confirmed.
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The current proposal for examining BQI includes an item about energy intake, but it
does not include energy density of breakfast. However, taking into account our results on the
association of energy density with insulin resistance, we believe that this dimension of

breakfast should be also included when analyzing breakfast quality in youth.

LIMITATIONS AND STRENGTHS

The current study has several limitations. The cross-sectional design of the study
should be considered as a study limitation. Dietary assessment was carried out by different
researches which could bias the measurements. Nevertheless, in order to decrease the
interpersonal variability, the same criteria were followed after reaching consensus. One of the
strengths of the study is the homogeneity of our sample composed exclusively by children with
overweight or obesity. Moreover, different dimensions of breakfast have been examined in

order to have a more comprehensive study of breakfast adequacy.

CONCLUSION

In conclusion, the findings of the current study suggest that both breakfast quality and
breakfast energy density might be associated with cardiometabolic risk factors such as serum
uric acid, cholesterol and insulin resistance in children with overweight/obesity. Moreover,
energy density from beverages was associated with insulin resistance regardless a set of
potential confounders and in both children meeting and not meeting physical activity
recommendations. Results of the current study suggest that breakfast energy density should
be considered as an additional dimension of breakfast intake. Therefore, nutritional education
programs targeting on the prevention of cardiometabolic disease in children with
overweight/obesity should include strategies focused on promoting high quality and low

energy density of breakfast.
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Table S1. Components and criteria for the calculation of Breakfast Quality Index (BQl) score

(14).

Yes

No

Cereals and derivate

Fruits and vegetables

Dairy products

Food rich in simple

sugars

MUFA-rich fats

MUFA/SFA ratio

Energyintake

Fruits, cereals and

dairy product

Calcium

Absence of butteror

margarine

1

-+

+1

Bread, non-sugar rich
breakfast cereals

Fresh fruit, natural fruit
juices, tomato

Whole or skimmed milk,
yoghurt, cheese

<5% of total daily energy
from simple sugars
Olive oil added by the
consumer

>2/1

20-25% of daily energy
intake from breakfast
To include the 3 of the
components

2 200mg

Not to include butter or

margarine in the breakfast

Biscuits, pastries, sugar rich
breakfast cereals ¢

Artificial juices, jam

Dairy desserts ®£

>5% of total daily energy
from simple sugars

Olive oil from biscuits or
other fats such as butter ¢
<2

<20% or >25% of daily energy
intake from breakfast

Not to be composed of three
of the components

<200mg

To include butter or

margarine in the breakfast

MUFA, monounsaturated fatty acids; SFA, saturated fatty acids

®“Not to consume the foods of these item also is punctuated as 0

f=Commercial chocolate milk-shakes, smoothies and rice-puddings, mousse, ice-creamsor

vegetal drinks

Sugared or flavored yoghurt, commercial chocolate milk-shakes and smoothies, rice-puddings,
mousse, ice-creams, vegetal drinks.
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ABSTRACT

Paediatric non-alcoholic fatty liver disease has increased in parallel with childhood
obesity. Dietary habits, particularly products rich in sugars, may influence both hepatic fat and
insulin resistance (homeostatic model assessment for insulin resistance (HOMA-IR)). The aim
of the study was to examine the association of the consumption of foods and foods
components, dairy products desserts and substitutes (DDS), sugar-sweetened beverages (SSB)
as well as total and added sugars, with hepatic fat and HOMA-IR. Dietary intake (two non-
consecutive 24 h-recalls), hepatic fat (MRI) and HOMA-IR were assessed in 110
overweight/obese children (10.6 (SD 1.1) years old). Linear regression analyses were used to
examine the association of dietary intake with hepatic fat and HOMA-IR adjusted for potential
confounders (sex, age, energy intake, maternal educational level, total and abdominal
adiposity and sugar intake). The results showed that there was a negative association between
cereal intake and hepatic fat (B=—0-197, P<0-05). In contrast, both SSB consumption (f=0-217;
P=0-028) and sugar in SSB (B=0-210, P=0-035), but not DDS or sugar in DDS or other dietary
components, were positively associated with hepatic fat regardless of potential confounders
including total sugar intake. In conclusion, cereal intake might decrease hepatic fat, whereas
SSB consumption and its sugar content may increase the likelihood of having hepatic steatosis.
Although these observations need to be confirmed using experimental evidence, these results
suggest that healthy lifestyle intervention programs are needed to improve dietary habits as

well as to increase the awareness of the detrimental effects of SSB consumption early in life.

Keywords: Hepatic steatosis, childhood obesity, HOMA-IR, dietary intake, sugar-sweetened

beverages.
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INTRODUCTION

In recent years, the incidence of pediatric non-alcoholic fatty liver disease (NAFLD) has
increased worldwide in parallel with childhood obesity rates, and therefore constitute an
emerging global health concern (1). NAFLD is one of the most common cause of liver disease
among children and adolescents (2) and consists on the accumulation of lipids within the
hepatocytes in the absence of excess alcohol consumption (3). This pathological disorder is
strongly associated with insulin resistance and dyslipidemia and, therefore, it is considered to

be the hepatic manifestation of metabolic syndrome (4,5)

Diet and other lifestyle determinants seem to modulate hepatic steatosis development
and progression (6). For instance, western dietary habits (7) in both normal weight and
overweight/obese adolescents, as well as energy intake in children (8) or dietary sugar intake
such as fructose or sucrose in adults (9), may have an influence on hepatic fat content and

other cardio-metabolic risk factors (10,11).

Sugar-sweetened beverages (SSB) are the main source of dietary added sugars among
children and adolescents, representing around 10-15% of their dietary energy intake (12,13).
Along with the increase of childhood obesity and hepatic steatosis, SSBs consumption has also
risen in the last years (12). In this context, a systematic review and meta-analysis reported
higher risk of NAFLD assessed by abdominal ultrasound or liver biopsy in patients consuming
SSB (14). Other studies have also shown associations of SSB consumption with adiposity, type 2

diabetes, metabolic syndrome and cardiovascular disease risk factors (15).

Dairy products desserts and substitutes (DDS) are other common dietary sugar sources
among children since they are often flavored and sugar sweetened (16,9). Nevertheless, the
sugar added in DDS seems not to play such a detrimental role in cardio metabolic health in
comparison with sugar from SSB (17). In contrast, the intake of other food groups and dietary

components such as fruits and vegetables (18), dairy products (19) and fiber (20,21) may have
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a protective role against the metabolic syndrome and hepatic fat accumulation. However, the
majority of the studies examining the associations of dietary intake with hepatic steatosis are
conducted in adolescents (7,18) and adult populations (22). Hence, there are few studies
examining the relationship between dietary habits and liver health (23,24) or insulin resistance
(25) in children with overweight and obesity, and, to the best of our knowledge, none of these
studies measured hepatic fat content by magnetic resonance imaging, which is considered to

be the gold standard.

We hypothesized that the intake of products rich in added sugars, such as SSB
consumption, would be associated with higher hepatic fat accumulation, whereas no such
association would be observed between DDS and hepatic fat content. Likewise, fiber or fiber-

rich foods would be beneficial in the prevention of hepatic steatosis and insulin resistance.

Therefore, the aims of the current study were to examine (i) the associations of the
consumption of dietary foods and components on hepatic fat content and insulin resistance
(HOMA-IR; homeostatic model assessment) and (ii) the influence of SSB and DDS, as well as
their sugar content, on hepatic fat content and insulin resistance in children with

overweight/obesity.

MATERIAL AND METHODS

Study participants and design

The Prevention of Diabetes in Kids (PREDIKID) study is a randomized controlled trial
(ClinicalTrials.gov ID: NCT03027726) examining the effect of a family-based intervention
program (26) on diabetes risk of children with overweight/obesity. The study protocol was
approved by the Ethic Committee of Clinical Investigation of Euskadi (P12014045) and the

research was conducted according to the Declaration of Helsinki. Participants were recruited
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from the Pediatric Endocrinology Unit of the University Hospital of Araba and Primary Care
Clinics from Vitoria-Gasteiz and surroundings (North of Spain) in 2017.The main outcome of
the trial was insulin resistance (26), whereas the primary outcomes for this sub-study were
hepatic fat content and insulin resistance. The inclusion criteria were 1) to be aged between 8
and 12 years, 2) to have overweight or obesity, and 3) to meet the international criteria for
classification of type 2 diabetes risk. The current cross-sectional study includes baseline data of
110 children (10.6 + 1.1 years old, 53.1% girls) with overweight or obesity participating in the
PREDIKID study who had dietary intake and hepatic fat content data. After parents or legal
guardians signed an informed written consent in order to be enrolled in the study, a total of
110 children (10.6 + 1.1 years old, 53.1% girls) with overweight or obesity who had dietary

intake and hepatic fat content data were included in the current study.

Anthropometry

Height (SECA 220) and body weight (SECA 760) were measured barefoot according to
standard protocols, and waist circumference was measured with a non-elastic tape (SECA 201)
following international recommendations. Body mass index (BMI) was calculated as body
weight divided by height squared (kg/m2) and, thereafter, children were classified as having
overweight or obesity according to World Obesity Federation criteria (27). All the
anthropometic measurements were carried out by the same trained researcher to avoid
interpersonal variability bias. Pubertal stage was directly examined by a pediatrician and

classified according to Tanner and Whitehouse criteria (28).

Body composition

Dual energy X-ray absorptiometry (HOLOGIC, QDR 4500W) was used to evaluate total
and abdominal adiposity. Abdominal adiposity was measured by determining three abdominal

sections as described elsewhere (29).
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Hepatic fat

Hepatic fat content was measured by magnetic resonance imaging (MAGNETOM
Avanto, Siemens Healthcare, Erlangen, Germany) with phased-array surface coil and a spine
array coil equipment. This was provided by the work-in-progress software package by Siemens
Medical System (version syngo.MR B17A). Briefly, two different 3D gradient-echo sequences in
breath-hold and six-echo acquisition with advanced signal analysis were used for hepatic fat
guantification and estimation, respectively, as reported elsewhere (30). According to the
literature, liver proton density fat fraction estimated by MRI correlates well with histologic
steatosis grade in children (31), and therefore MRI is considered a non-invasive and acurate

method to detect hepatic steatosis in pediatric population (32).

In accordance with previous studies, the cut-off value of hepatic fat content
established for categorizing children with and without hepatic steatosis was 5.5% (33,34).
Therefore, children with a hepatic fat >5.5% were considered as having hepatic steatosis,

whereas children with <5.5% hepatic fat accumulation as not having hepatic steatosis.

Insulin resistance

Insulin resistance was determined by calculating HOMA-IR using fasting blood glucose
and insulin values with the following formula: (insulin (uU/mL) x glucose (mmol/L))/22.5 (35).

Blood sample collection details have been published elsewhere (30).

Dietary intake assessment

Dietary intake was evaluated, by trained nutritionists, as the mean of two non-
consecutive 24h-recalls during a time span of a week. Children reported, with help of their
parents, all the foods and beverages consumed the day before the interview. Pictures of food
servings were used to help the participants to estimate food intake. Nutritional composition

data was obtained by EasyDiet software. Thereby, energy intake and macro and
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micronutritional composition data from both interviewed days was obtained. Regarding the
food groups, each dietary recall was examined thoroughly, and thereafter, the food consumed
was classified into the different food groups so as to obtain the daily food-group intake.
Afterwards, the mean consumption of the dietary components consumed in both interviewed

days was computed.

Fruits and vegetables were analyzed together. Detailed information about foods
included in each food category and explanation about each term is available in Supplemental
Table 1. Participants were asked to report product brands, particularly for SSB and DDS, in
order to obtain detailed nutritional composition data, i.e., sugar and energy content of each
food and beverage. SSB consumption included sugar sweetened beverages, while low- or non-
caloric beverages were excluded due to the reduction of sugar and replacement for artificial
non-caloric sweeteners. DDS were considered milk-derived products with added sugar when
its sugar content was =6g/100g product. The current sugar cut-off value was established based
on the natural lactose content of dairy products, assuming that dairy products with higher
sugar content may have sugar added in their composition. Also, all dairy substitutes such as
soya-, oat- or almond-beverages were included in DDS, but no cut-off value for sugar content

was used since they are not milk-based.

Furthermore, total added sugar was calculated by removing the sugar amount in

natural sugar sources such as fruits and dairy products from total dietary sugar intake.

Physical activity

Accelerometry was used as an objective measurement of total physical activity
(wActisleep-BT and wGT3X-BT, ActiGraph, Pensacola, FL, USA). All participants had to wear an
accelerometer on the non-dominant wrist during a week. Euclidean Norm Minus One (ENMO)

was used to quantify the acceleration related to the movement registered expressed in
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milligravity (mg) using the R software (v. 3.1.2, www.cran.r-project.org with the GGIR package

(v. 1.5-12, https://cran.r-project.org/web/packages/GGIR/).

Statistical analysis

As the variables did not show a normal distribution, non-parametrical Mann-Whitney
U tests were used to examine differences in continuous variables (i.e., biological characteristics
and dietary intake) between children with and without hepatic steatosis, whereas chi-square
test was used for categorical variables. Linear regression analyses were used to examine the
associations between dietary components (independent variables) and hepatic fat content and
insulin resistance (dependent variables). Potential confounders such as sex, age, energy intake
and maternal educational level (Model 1), and additionally body fat percent (Model 2) or
abdominal adiposity (Model 3) and dietary simple sugar intake (Model 4) were used as
covariates in the analyses. Variables with a non-normal distribution were logarithmically
transformed for linear regression analyses. Sensitivity analyses were performed in dietary
variables and hepatic fat content analysis adjusting additionally for HOMA-IR, physical activity
and parental BMI. Collinearity diagnosis tests were also performed between dietary factors to
examine if they were related to one another or not. Statistical analyses were carried out with
the statistical software SPSS version 20.0 (SPSS Inc, Chicago) with the level of significance of

a=0.05.
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RESULTS

Biological characteristics and dietary intake of participants with and without hepatic
steatosis are shown in Table 1. The proportion of children with hepatic steatosis was 36.4%.
Children with hepatic steatosis had significantly higher BMI zscore (P<0.03), waist
circumference (P<0.01), total and abdominal adiposity (P<0.01), hepatic fat content (P<0.001)
and HOMA-IR (P<0.01) compared to children without hepatic steatosis. Likewise, the
percentage of children with obesity was higher in the group with hepatic steatosis (P<0.03),
while age, sex, high maternal educational level, parental obesity and diabetes and total
physical activity were similar between in both groups (P>0.05), non-Caucasian ethnicity was
higher among children with hepatic steatosis (P<0.03). In contrast, there were no significant
differences in the intakes of macronutrients, simple sugars, added sugars, fiber, cereals, fruits
and vegetables, legumes, nuts, dairy products, fish and shellfish, and meat and meats products
between children with and without hepatic steatosis (Ps>0.1). The consumption of SSB and the
sugar content of SSB tended to be higher in children with hepatic steatosis than in their peers

without hepatic steatosis (P<0.1).
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Table 1. Biological characteristicsand dietary intake of participants with and without hepatic steatosis of the children participating in the PREDIKID study.

Children with Children without P
hepatic steatosis hepatic steatosis
(n=40) (n=70)
N N
Age 40 10.5 (1.1) 70 10.6 (1.1) 0.485
Girls (N, %) 40 20 (50) 70 39 (55.7) 0.563
BMl zscore 40 0.29(1.1) 70 -0.16 (0.9) 0.028
Obese (N, %) 40 30(75) 70 34 (48.6) 0.007
Waist circumference (cm) 40 82.3(7) 70 76.7 (6.6) <0.001
Body fat (%) 40 41.2 (4.2) 69 38.4(4.6) 0.005
Abdominalfat (kg) 40 3(1.1) 69 2.3(8.4) <0.001
Hepatic fat (%) 40 9.2 (4.9) 70 3.6 (1) <0.001
HOMA-IR 39 3.0(1.3) 69 2.3(1) 0.005
High maternal educationallevel (N, %) 39 12 (30.8) 70 16 (22.5) 0.173
Parental obesity (N, %) 40 11 (27.5) 70 15 (21.4) 0.471
Parental diabetes (N, %) 39 3(7.5) 70 4(5.7) 0.686
Non-Caucasian ethnicity (N, %) 38 10 (25) 69 7 (10) 0.029
Total physical activity (mg) 38 61.7 (14.6) 65 65.9 (17) 0.286
Energy intake (KJ/day) 40 7878 (1498) 70 7460 (1858) 0.131

153

Universidad Publica de Navarra
Nafarroako Unibertsitate Publikoa



Carbohydrates (g/day) 40 196 (60) 70 190 (50) 0.737

Fat (g/day) 40 86 (25) 70 79 (26) 0.148
Proteins (g/day) 40 79 (19) 70 76 (20) 0.437
Fiber (g/day) 40 14 (5) 70 14 (7) 0.921
Cereals (g/day) 40 92 (53) 70 105 (48) 0.184
Fruits and vegetables (g/day) 40 251 (183) 70 224 (148) 0.686
Legumes (g/day) 40 12.7 (15.8) 70 14.3 (20.8) 0.799
Nuts (g/day) 40 2(6.5) 70 3(9) 0.697
Dairy products (g/day) 40 347 (188) 70 321 (134) 0.725
Fish and shellfish (g/day) 40 47 (57) 70 34 (45) 0.260
Meat and meat products (g/day) 40 107 (70) 70 98 (76) 0.389
Simple sugars (g/day) 40 89 (37) 70 82 (26) 0.445
Added sugar (g/day) 40 60 (31) 70 51(22) 0.146
SSB (ml/day) 40 117 (169) 70 53 (91) 0.069
SugarfromSSB (g/day) 40 9.8 (14.7) 70 4.6 (8.0) 0.094
DDS (g/day) 40 81(77) 70 85 (93) 0.839
SugarfromDDS (g/day) 40 10.6 (10) 70 10.8 (12.0) 0.739

BMI: body mass index; DDS: dairy products desserts and substitutes; HOMA-IR: homeostatic model assessment; SSB: sugar sweetened beverages.Valuesare
means (standard deviation).
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Table 2 shows the associations of dietary components with hepatic fat content and
insulin resistance. There was a negative association between cereal intake and hepatic fat
content regardless of sex, age, energyintake and maternal educational level (P<0.02, Model 1).
This association was diminished, but remained significant, when both total (Model 2) and
abdominal fat (Model 3) were entered into the model (Ps<0.05). No statistically significant
associations were found between the rest of dietary components and hepatic fat content and

insulin resistance in children with overweight/obesity.

The associations of SSB and DDS intake as well as the intake of their sugar contents
with hepatic fat and HOMA-IR are shown in Table 3. The results showed that both SSB
consumption and the intake of sugar from SSB were significantly associated with hepatic fat
content regardless of sex, age, energyintake and maternal educational level (P<0.02, Model 1).
These relationships were still significant when either body fat percent or abdominal fat were
included into the model (Ps<0.02, Models 2 and 3). Interestingly, the associations of SSB
consumption and the intake of sugar from SSB with hepatic fat content remained statistically
significant even after further adjustment for total simple sugar intake (P<0.05, Model 4). Ina
sensitivity (additional adjustment) analysis with insulin resistance (p=0.212, P=0.036 and
=0.204, P=0.045 for SSB and sugar from SSB, respectively), physical activity (3=0.217, P=0.032
and B=0.206, P=0.043 for SSB and sugar from SSB, respectively) and parental BMI ($=0.207, P
=0.037 and B=0.199, P=0.047 for SSB and sugar from SSB, respectively) this associations
remained statistically significant. Continuous logistic regression was performed to analyze the
effect of SSB consumption in children with and without hepatic steatosis (sex, age, maternal
educational level and energy intake adjustments) and even though it was not statistically
significant, a trend to signification was observed (OR 1.003, 95%Cl, 1.000-1.007, P=0.051). On
the contrary, no significant relationships were observed between DDS consumption and sugar

from DDS with hepatic fat content in children with overweight/obesity (Ps>0.05). Neither SSB
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nor DDS consumption were associated with insulin resistance (Ps>0.05). No collinearity was

found between dietary factors.
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Table 2. Associations of dietary energy and macronutrient intake, and other dietary components with hepatic fat content and insulin resistance in

overweight/obese children.

Hepatic fat content (%) HOMA-IR
Model 1 Model 2 Model 3 Model 1 Model 2 Model 3

B P B P B P B P B p B P
Energy (KJ/day) 0.033 0.740 - - - - 0.068 0.487 - - - -
Carbohydrates (g/day) -0.016 0.919 0.017 0.913 0.007 0.965 0.048 0.761 0.112 0.452 0.098 0.477
Fat (g/day) 0.034 0.838  0.041 0.796  0.044 0.779  -0.026 0.874 -0.063 0.693 -0.064 0.665
Proteins (g/day) -0.017 0.907 -0.097 0.477 -0.084 0.533 -0.041 0.772 -0.092 0.485 -0.066 0.591
Fiber (g/day) -0.118 0.261 -0.152  0.132  -0.157 0.114 0.052 0.620 0.037 0.706 0.028 0.763
Cereals (g/day) -0.254 0.013 -0.211 0.036 -0.197 0.048 0.003 0.979 0.062 0.530 0.091 0.328
Fruits and vegetables (g/day) 0.028 0.771 0.044 0.638 0.062 0.501 0.063 0.511 0.080 0.381 0.116 0.173
Dairy products (g/day) 0.085 0.384 0.125 0.190 0.095 0.322 -0.073 0.454 -0.018 0.849 -0.085 0.334
Fish and shellfish (g/day) 0.152 0.114 0.112 0.230 0.103 0.263 0.110 0.250 0.079 0.389 0.069 0.422
Meat and meat products (g/day) -0.007 0.949 -0.008 0.939 0.001 0.995 -0.076 0.492 -0.134 0.207 -0.119 0.230

HOMA-IR: homeostatic model assessment Model 1: adjusted for sex, age, energy intake and maternal educational level; Model 2: Model 1 additionally

adjusted for body fat percent; Model 3: Model 2 additionally adjusted for abdominal adiposity.
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Table 3. Associations of sugar-sweetened beverages (SSB) and dairy products desserts and substitutes (DDS) consumption, as well as their sugar content

with hepatic fat content and insulin resistance (HOMA-IR) in overweight/obese children.

Hepatic fat content (%) HOMA-IR
Model 1 Model 2 Model 3 Model 4 Model 1 Model 2 Model 3 Model 4

B p B p B P B P B P B p B p B p
SSB (g/day) 0.263 0.008 0.250 0.009 0.243 0.010 0.217 0.028 0.108 0.276 0.102 0.282 0.085 0.336 0.094 0.318
Sugar from SSB (g/day) 0.254 0.011 0.243 0.011 0.237 0.012 0.210 0.035 0.106 0.292 0.100 0.298 0.085 0.340 0.094 0.322
DDS (g/day) -0.051 0.612 -0.067 0.498 -0.048 0.621 -0.081 0412 -0.054 0.58 -0.128 0.184 -0.092 0.309 -0.096 0.299
Sugar from DDS (g/day) -0.037 0.715 -0.053 0.593 -0.036 0.715 -0.070 0.483 -0.061 0.540 -0.135 0.163 -0.099 0.274 -0.104 0.263
Simple sugar (g/day) 0.131 0270 0.171 0.135 0179 0.112 - - -0053 0.648 -0.013 0.904 0.004 0.969 - -
Added Sugar (g/day) 0.209 0.074 0.195 0.084 0.208 0.061 0.178 0.314 0.005 0.964 -0.024 0.827 0.002 0.98 -0.003 0.983

Model 1: adjusted for sex, age, energyintake and maternal education level; Model 2: Model 1 additionally adjusted for body fat percent; Model 3: Model 2

additionally adjusted for abdominal adiposity Model 4: Model 3 additionally adjusted for simple sugarintake.
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DISCUSSION

The current study examined the influence of several food groups and dietary
components on hepatic fat content and insulin resistance among pre-adolescent children with
overweight/obesity. The main findings were that cereal intake was negatively associated with
hepatic fat content but not with insulin resistance, whereas the rest of the food groups and
macronutrients were not associated neither with hepatic fat content nor with insulin
resistance. Moreover, SSB consumption and sugar from SSB were positively associated with
hepatic fat accumulation, but not with insulin resistance. In contrast, we did not observe any
significant relationships between DDS and hepatic fat content or insulin resistance among

children aged 8-12 years with overweight/obesity.

Almost half of the children in the study (36.4% of the participants), presented hepatic
steatosis. It is well known that excess adiposity increases the risk of having NAFLD (36). Our
findings about prevalence are in agreement with findings from two previous studies. One of
them reported that whilst the prevalence of pediatric hepatic steatosis is lower than 10% in
general population, the prevalence among children with obesity can reach 80% (37). According
to other study, the prevalence of NAFLD in children with normal weight was 2.6%, and
increased to 20-77% among children and adolescents with obesity (38). Nevertheless, it should
be pointed out that the range of prevalence might vary depending on the diagnosis method
used for measuring hepatic fat content. In this study, hepatic fat content was measured by
MRI, which is more accurate method compared to ultrasound, and in fact, it has been
considered a non-invasive appropriate alternative for pediatric population (33). Furthermore,
and in line with other studies (34), ethnic differences between Hispanic, black and white
population were observed in the prevalence of hepatic steatosis. Regarding body composition,
children with hepatic steatosis had higher values of waist circumference as well as total and

abdominal adiposity compared to children without hepatic steatosis. On the contrary,
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participants with hepatic steatosis did not show higher values of BMI, which demonstrates the
limitations of using BMI as a proxy of body fatness in children (39). Accordingly, basing on the
strong association between abdominal adiposity and hepatic steatosis, Alisi et al reported that

abdominal obesity is more powerful in predicting hepatic steatosis than BMI (40).

Overall, we found only few differences in dietary intake variables between children
with and without hepatic steatosis. In contrast to our results, a previous study reported that
adolescents with hepatic steatosis had higher intakes of total fat and fried foods consumption
than their peers without hepatic steatosis (41). However, in the current study children with
hepatic steatosis tended to consume more SSB compared to children without hepatic
steatosis, which is consistent with the association between SSB consumption and NAFLD (10).
Our observations suggest that cereal intake may be protective against hepatic steatosis
development. On the contrary, Georgoulis et al reported that refined grains were associated
with higher likelihood of having NAFLD in adults, whereas whole grain consumption favorably
affected clinical characteristics of participants with NAFLD as a result of being rich in fiber and
having lower glycemic index (42). Unfortunately, due to the infrequent intake of whole-grains
of children from the PREDIKID study, we could not examine the influence of whole cereals on
hepatic health. On the other hand, in disagreement with other studies in which whole cereal
intake was inversely associated with insulin resistance among adolescents (43), no association
was found between cereal intake and HOMA-IR in children with overweight/obesity from the

current study.

We observed that 39.8% and 65.5% of the children consumed SSB and DDS,
respectively (data not shown). Moreover, we found a positive association between SSB
consumption as well as sugar in SSB and hepatic fat content regardless of sex, age, energy
intake, maternal educational level, body fat percent, abdominal obesity and total simple sugar

intake. Of note, while in United States SSB are primarily sweetened with high fructose corn
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syrup, in Europe sucrose is commonly used as the main sweetener (44), which is a
disaccharide, composed of fructose and glucose. Although there are several studies reporting
the association of both fructose (45) and SSB consumption (46,47) with adiposity and cardio
metabolic risk factors in adults and adolescents, there are few studies focused on children to
date. Furthermore, to the best of our knowledge, this is the first study examining the influence
of SSB consumption on hepatic fat content in children with overweight/obesity. Interestingly,
neither SSB nor sugar from SSB was associated with insulin resistance. In addition, based on
the fact that impaired insulin signaling originated by dysfunctional adipose tissue induces
insulin resistance, insulin resistance might be a secondary effect of excess hepatic fat. Despite
the lack of the association in our study, other authors reported that daily intake of SSB was
associated with increased HOMA-IR in adolescents (48). The possible mechanism of how
fructose can induce NAFLD has largely been studied in animal models. Briefly, fructose is
absorbed from the intestine into the portal vein and goes directly to the liver, where it
stimulates de novo lipogenesis by promoting hepatic lipid accumulation (40,46), which may
explain NAFLD development. Nonetheless, not only fructose, but also sucrose-containing
beverages have been shown to increase hepatic fat, as well as visceral and muscle fat and

triglycerides (49).

In contrast, DDS consumption was not significantly associated with hepatic fat content
and insulin resistance in our sample of children with overweight/obesity. This finding is in line
with previous studies suggesting that dairy fat intake, as well as other nutrients like calcium
(which are mostly present in DDS, but not in SSB) could be protective against hepatic fat
accumulation in adults (50), and abdominal adiposity in female adolescents (51). In addition,
the fact that DDS are commonly consumed with a meal, whereas people tend to drink SSB
between meals, could also explain the influence on these outcomes. Accordingly, previous
studies reported that snacking promotes liver fat accumulation (52,53). As a consequence of
the rise of SSB consumption in children, initiatives such as the implementation of SSB
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associated tax in several countries have been carried out in order to prevent obesity and
related comorbidities. The purchases of SSB decreased after Mexico implemented a tax, so

that this seems to be a successful intervention from global policies (54).

STRENGTHS AND LIMITATIONS

The use of magnetic resonance imaging to measure hepatic fat content should be
considered as study strength for its accuracy, while ultrasonography is used in most of the
other studies. Moreover, detailed nutritional composition information of SSB and DDS was
obtained by analyzing the labels of products brands. However, the current study has also some
limitations. These findings should be taken carefully due to its cross-sectional design and
therefore, prospective studies are needed since experimental evidence would strengthen

these cross section observations.

CONCLUSIONS

The main findings in the current study suggest that cereal intake seems to be
associated with lower liver fat content, whereas SSB consumption and sugar from SSB might
increase hepatic fat content among children with overweight/obesity. In contrast, neither DDS
consumption nor sugar from DDS seems to modulate cardio metabolic risk factors, and last but
not least, no associations were found between dietary intake and insulin resistance in children
with excess adiposity. Our results suggest that healthy lifestyle intervention programs are
needed to improve dietary habits as well as to increase the awareness of the detrimental

effects of SSB consumption early in life.
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Supplemental Table 1. Included and excluded foods in

recommendations for children.

each food group and intake

Food groups

Foodsincluded

Foods excluded

Intake

recommendation for

children

Cereals Whole or refined pasta, Flours, cereals with 3 servings/day
bread, rice, couscous, chocolate, biscuits, (90g/day). Preferably
rusks, sliced bread. pastries, energy bars, whole cereals (AHA)

rice or corn snacks. (1).

Fruits and All kind of vegetables, Potatoes, commercial 4.5 servings/day

vegetables home-made tomato fried tomato sauce, (>360g/day)(AHA) (1).
sauce or crushed canned corn, green
tomato. All kind of fresh peas. Dried or
fruits, natural fruit- sweetened fruits
juices. (peaches in  syrup,

industrial fruit-salad).

Legumes French beans, green Green beans, nuts. 2-3 servings/week
peas, chickpeas, lentils. (>80g/week) (2).

Nuts Naturalwalnut, hazelnut, Sugared or high- 3-7 servings/week
almond, pistachio, processed nuts. (>60g/week) (SENC)(3).
sunflower pipe.

Dairy Milk, yoghurt, cheese, Ice-creams, vegetal 2-4 servings/day,

products curd drinks. >500ml/day to ensure

calcium intake (2).

Fish and Fresh, frozen or canned Surimi. >2 servings/week

shellfish fish, mollusk, squid, (>200g/week) (2)
octopus, crusty Preferably both white

and fatty fish (AHA) (1)

Meat and White or red meat, Vegetarian-meat <34 servings/week

meat processed meat, alternatives, such as (<400g/week).

products lunchmeat. tofu or soy products. Preferably lean meat
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Sugar-

sweetened

beverages

Dairy

desserts and

substitutes

Simple

sugars

Added sugar

sweetened

drinks,

Soft drinks,
soda, fizzy
artificial fruit-juices,

energy drinks.

Sugared or flavored
yoghurt, commercial
chocolate milk-shakes

and smoothies, rice-

puddings, mousse, ice-

creams, vegetal drinks.

All dietary simple sugars;
including natural sugar
sources and artificially

added.

Sugars and syrups put in
foods during preparation
or processing, or added

at the table.

Light or zero drinks
(non-caloric

beverages).

Home-made smoothies
or rice-puddings,
with

yoghurts non-

caloric sweeteners,
yoghurts with <6g/100g

sugar content.

Polysaccharides.

Natural sugar from
fruits and dairy
products.

Try to avoid them by
replacing with water or
natural fruit-juices The
recommended intake is
0.

Try to avoid them by

replacing with less-
processed dairy
products without
added sugar. The

recommended intake is
0.

Less than 10% of total
energy intake from free
sugars, ideally less than
5% of total
intake (WHO) (4)

energy

<25g/day for all

children aged 2-19
years regardless of age

(AHA) (1).

AHA: American Heart Association; SENC: Spanish Society for Community Nutrition; WHO:
World Health Organization; Perseo Program of NAOS strategy.
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ABSTRACT

Healthy lifestyle education programs are recommended for obesity prevention and
treatment. However, there is no previous information on the effects of these programs on
the reduction of hepatic fat percentage. The aims were (i) to examine the effectiveness of a
22-week family-based lifestyle education program on dietary habits, and (ii) to explore the
associations of changes in dietary intake with percent hepatic fat reduction and adiposity in
children with overweight/obesity. A total of 81 children with overweight/obesity (aged 10.6 +
1.1 years, 53.1% girls) and their parents attended a 22-week family based healthy lifestyle
and psychoeducational program accompanied with (intensive group) or without (control) an
exercise program. Hepatic fat (magnetic resonance imaging), adiposity (dual energy X-ray
absorptiometry) and dietary habits (two non-consecutive 24 h-recalls) were assessed before
and after the intervention. Energy (p < 0.01) fat (p < 0.01) and added sugar (p < 0.03) intake
were significantly reduced in both groups at the end of the program, while, in addition,
carbohydrates intake (p < 0.04) was reduced exclusively in the control group, and simple
sugar (p < 0.05) and cholesterol (p < 0.03) intake was reduced in the exercise group. Fruit (p <
0.03) and low-fat/skimmed dairy consumption (p < 0.02), the adherence to the
Mediterranean Diet Quality Index for children and teenagers (KIDMED, p < 0.01) and
breakfast quality index (p < 0.03) were significantly higher in both control and intervention
groups after the intervention. Moreover, participants in the exercise group increased the
adherence to the Dietary Approaches to Stop Hypertension (DASH) diet (p < 0.001), whereas
the ratio of evening-morning energy intake was significantly lower exclusively in the control
group after the program (p < 0.02). Changes in energy intake were significantly associated
with changes in fat mass index (FMI) in the exercise group, whereas changes in sugar-
sweetened beverages (SSB) consumption were associated with percent hepatic fat reduction

(p < 0.05) in the control group. A 22-week family-based healthy lifestyle program seems to be
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effective on improving diet quality and health in children with overweight/obesity and these

should focus on SSB avoidance and physical activity.

Keywords: lifestyle program; dietary habits; hepatic fat; sugar-sweetened beverages

175

Universidad Publica de Navarra
Nafarroako Unibertsitate Publikoa



INTRODUCTION

The worldwide rising prevalence of childhood obesity is of public health concern [1].
Childhood obesity is associated with greater cardiometabolic risk later in life [2], and already in
early ages [3]. Spain, with 26% and 12.6% of 817 years-old children presenting overweight
and obesity, respectively, is one of the European countries with the highest prevalence of
childhood obesity, reporting a worse situation in 8-13 years-old boys from low socioeconomic
and educational families [4]. National strategies, where environmental and policy actions are a
priority, have been launched to tackle pediatric obesity in this country [5]. Abdominal adiposity
is strongly associated with non-alcoholic fatty liver disease (NAFLD) [6], which consists of the
accumulation of triglycerides within hepatocytes with the absence of alcohol consumption [7].

NAFLD is also considered as the hepatic manifestation of metabolic syndrome [8].

Lifestyle changes are the main recommendation for the prevention and treatment of
NAFLD. Diet quality improvement, with a special focus on sugar-sweetened beverage (SSB)
avoidance, and increasing physical activity together with reducing sedentary behaviors, are
recommended as the main targets to improve the spectrum of the disease [9]. Besides the
importance of an early treatment of obesity and NAFLD in order to prevent adiposity-related
comorbidities, lifestyle changes seem to be more effective in childhood than later life, since
children are still acquiring and establishing their habits. Furthermore, the participation and
active involvement of the parents in lifestyle interventions increase their effectiveness, since
they are fundamental agents in their children’s lifestyle habits [10—12]. As far as we are aware,
there is no previous information on the effects of lifestyle education programs targeting diet
quality improvement on the reduction of hepatic fat percent in prepuberal children. In adults
and adolescents with obesity, lifestyle intervention based on weight loss induced by
hypocaloric diets have been shown to be effective at reducing hepatic fat [13—-15] or were

based on exercise programs [16]. However, caloric restriction is not recommended in the
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pediatric population since it could affect both children’s growth and development, as well as

induce eating disorder behaviors development [17].

Therefore, the aims of the current study were i) to examine the effects of a family-
based lifestyle educational program on dietary habits and ii) to explore the associations of
changes in dietary habits with changes in percent hepatic fat and adiposity in children with

overweight/obesity.

MATERIAL AND METHODS

Study Design and Participants

The EFIGRO study is a non-randomized two-arm, parallel-design controlled trial
(NCT02258126, ClinicalTrials.gov), carried out between 2014 and 2017 in Vitoria-Gasteiz
(Spain). The study protocol was approved by the Ethic Committee of Clinical Investigation of
Euskadi (P12014045) and was performed according to the compliance of the ethical guidelines
of the Declaration of Helsinki. More detailed information and the main effects of the study
have been published elsewhere [18,19]. Briefly, participants were divided into control and
exercise groups, in which the main difference was that whereas children in the control group
participated exclusively in the family-based healthy lifestyle program, the ones in the exercise
group besides participating in the previous one additionally did in the exercise program (3
sessions per week). For the current purpose, a total of 81 children with overweight/obesity
(aged 10.6 + 1.1 years, 53.1% girls) either from the control or exercise group who (1)
completed the study, (2) attended at least 50% of the lifestyle education sessions, and (3) had

two 24 h-recalls at baseline and post-intervention, were included in the analyses (Figure 1).
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Figure 1. Flowchart of children participating in the study.

Family-based Healthy Lifestyle Program

All children and their parents or caregivers participated in a 22-week intervention
focused on healthy lifestyle promotion. The program, conducted by experienced nutritionists,
was composed of 11 sessions (once per two weeks), whose main aim was to improve dietary
habits by increasing the intake of fruits and vegetables (F+V), enhancing breakfast habits, and
reducing sugar intake and SSB consumption, as well as to make children be physically more
active. Children had a booklet which included the objectives to accomplish from each session
and these were commented on thereafter. In order to make easier to adopt the proposed
lifestyle changes, both children and parents also attended psychoeducational sessions to

achieve appropriate skills and counseling. More details about the interventions has been

published elsewhere [18].
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Hepatic Fat and Adiposity

Body weight (SECA 760), height (SECA 220) and waist circumference (SECA 201) were
measured following standard protocols and BMI was calculated. Children were classified as
overweight/obese according to the World Obesity Federation criteria [20]. Dual energy X-ray
absorptiometry (DXA; HOLOGIC, QDR 4500 W) was used to measure total and abdominal
adiposity [18]. Fat mass index (FMI) was calculated as fat mass divided by height squared
(kg/m2). Liver fat percentage was measured by magnetic resonance imaging (MAGNETOM

Avanto 1.5-T, Siemens, Munich, Germany) with a Dixon method.

Dietary Habits

Dietary Intake

Energy and nutrients intake was examined using two non-consecutive 24 h-recalls by
trained dietitians and nutritional composition was analyzed with the EasyDiet software (©
Biocentury, S.L.U. 2020, Spain). Thereafter, the average intake of the two reported days was
calculated. We also calculated added sugar intake by subtracting natural sugar from fruits and

dairy products from total simple sugar intake.

Adherence to Dietary Patterns

Adherence to dietary patterns was examined, both before and after the participation
in the trial. More information about the tools and criteria used to examine the adherence to
these patterns or scores is detailed in Table S1. Mediterranean Diet Quality Index for children
and teenagers (KIDMED test) was used to examine the adherence to the Mediterranean
pattern [21]; the adherence to the Dietary Approaches to Stop Hypertension (DASH) diet was
assessed by following the Cohen et al. criteria [22] and HDI score by using World Health

Organization (WHO) criteria [23].
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Breakfast Habits

Skipping breakfast prevalence was obtained from the food recalls, and the breakfast
quality index (BQl) was used to examine the children’s breakfast quality before and after
participating in the education program [24]. This information is available in the supplementary

material (Table S1).

Meal Frequency and Daily Energy Distribution (Morning vs. Evening Energy Intake)

Eating frequency was obtained from the 24 h-recalls and each eating occasion was
considered when meeting the criteria of (1) having =50 kcal/meal, and (2) spending =15 min
from any previous eating occasion as described elsewhere [25]. The average of daily energy
intake was divided into morning and evening intake. The criteria used in other studies for
morning and evening classification has been before and after 12 p.m., respectively [26].
Nevertheless, taking into consideration Spanish dietary habits, in which none of the
participants used to eat lunch before noon, we used another criterion. Thereby,
evening/morning energy ratio (EMEratio) was calculated as evening energy intake divided by
morning energy intake establishing as threshold before and after having lunch, by considering

the intake of lunch as morning intake.

Statistical Analysis

Independent t tests were used to analyze baseline differences according to
intervention groups for continuous variables, whereas chi-square test was used for categorical
variables. To examine changes in nutritional variables between baseline and post intervention,
paired sample t-test and McNemar test were used for continuous and categorical variables,
respectively. Changes in biological and nutritional variables were calculated as post-value
subtracted by pre-value (A = post-pre). Univariate linear models (ANCOVA) were performed to

examine differences in changes in continuous variables (dependent variables) using study
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group as fixed factor and sex, age and changes in energy as covariates. Partial correlations
were performed to examine the association between changes in dietary intake and changes in
hepatic fat and adiposity, adjusting for sex and age and changes in height and energy intake.
The interaction effect of sex and intervention group (control or exercise) was examined with
repeated measures ANCOVA, by using pre- and post-intervention energy and macronutrients
intake, as within subjects’ variables. Statistical analyses were carried out with the statistical

software SPSS version 20.0 (SPSS Inc., Chicago, IL, USA), with the significance level of a = 0.05.

RESULTS

Table 1 shows baseline characteristics of participants according to intervention group.
There were no significant baseline differences between the two intervention groups in
biological and sociodemographic characteristics or body composition measurements.
Intervention effects on BMI and percent hepatic fat (ps < 0.01) were significantly different
according to the study group, with greater effects on participants in the exercise group, as has

been published elsewhere [19].

Table 1. Baseline biological and sociodemographic characteristics of study participants
according to the intervention group.

Control Group Exercise Group p

N N
Age (years) 48 10.6 (1.1) 33 10.5(1.1) 0.597
Girls (N, %) 48  26,54.2 33 17,515 0.814
High educational level of the mother (N, %) 48 39,81.3 32 21,63.6 0.114
Children with Spanish-origin mother (N, %) 48 43, 89.6 33  30,90.9 0.844
Body mass index (kg/m?) 48  25.2(2.8) 33  25.7(3.6) 0.536
Children with obesity (N, %) 48  26,54.2 33 19, 58 0.762
Fat mass index (kg/m?) 48 9.8(2.2) 32 10.4(2.6) 0.270
Abdominal fat (kg) 48  2.4(1.0) 32 2.6(1.1) 0.448
Hepatic fat (%) 48 5.1(2.8) 33 5.8(5.2) 0.471

Values are means (standard deviation) or frequencies and percentages (N, %).
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Dietary Intake

Table 2 shows baseline differences in dietary habits between the control and exercise
group, changes in dietary habits at the end of the intervention in both groups (post- vs. pre-
intervention values), as well as differences in the effect of the intervention on dietary habits
between control and exercise groups. It can be observed that there were no baseline
differences in dietary habits between the two intervention groups (p > 0.05, Table 2).

It was observed that both groups significantly reduced energy and fat intake, as well as
added sugar intake after participating in the program (p < 0.05, Table 2). Similarly, simple sugar
intake was also reduced at the end of intervention in both groups, although not significantly in
the control group (p < 0.07). Regarding food groups, fruits and low-fat/skimmed dairy
consumption were significantly increased in both control and intervention groups (p < 0.03).
Moreover, the adherence to dietary patterns was also improved regardless of the study group,
as KIDMED and BQI score were significantly increased after participation in the program (p <
0.03). There were no significant differences between the intervention groups.

Carbohydrates intake and EME,.;, was significantly reduced exclusively in the control
group (p < 0.04), whereas cholesterol intake was significantly reduced, and the DASH score
increased in the exercise group, but not in the control one (p < 0.03). However, no statistically
significant differences were found between groups in the previous variables. Although changes
in cereal intake were significantly different between groups (p < 0.03), none of the groups
showed a significant intervention effect in its intake (p > 0.05). A significant increase in the
DASH score was observed exclusively in the exercise group (p < 0.001), showing a significant

intervention effect between groups (p < 0.05).
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Table 2. Dietary habits of children participating in the family-based lifestyle program (control group) and in the same plus exercise program (exercise
group), before (Pre) and after (Post) the intervention.

Intervention

Baseline
. Effect
Control Group Exercise Group Controlvs.
Exercise Controll vs.
Exercise

N Pre Post p* N Pre Post p* p ** p ***

Energy, nutrients and food

groups

Energy intake (kcal/day) 48  1827(423) 1652(376) 0.009 33 1855 (430) 1622(326) 0.003 0.774 0.566
Carbohydrates intake (g/day) 48 197 (53) 179 (44) 0.039 33 189 (53) 178 (39) 0.248 0.501 0.168
Simple sugar intake (g/day) 48 87 (32) 78 (24) 0.067 33 84 (28) 73 (25) 0.044 0.622 0.970
Added sugar intake (g/day) 48 55 (31) 43 (19) 0.024 33 58 (29) 40 (19) 0.006 0.955 0.517
Fat intake (g/day) 48 81 (28) 70 (24) 0.010 33  88(27) 66 (19)  <0.001 0.229 0.062
Protein intake (g/day) 48 77 (20) 75 (20) 0.591 33 75 (18) 76 (18) 0.865 0.736 0.226
Cholesterol (mg/day) 48 306 (127) 301 (145) 0.858 33 308(153) 249 (102) 0.029 0.948 0.268
Fiber (g/day) 48 14 (5) 14 (5) 0.641 33 14 (9) 16 (6) 0.281 0.720 0.400
Calcium (mg/day) 48  661(217) 665(201) 0.920 33 639(203) 659(229) 0.610 0.948 0.898
Magnesium (mg/day) 48 234 (57) 234 (58) 0.963 33 233(121) 248 (73) 0.454 0.647 0.299
Sodium (mg/day) 48  2227(1003) 2022(756) 0.199 33 2191(764) 2248(776) 0.688 0.948 0.068
Potassium (mg/day) 48 2352 (480) 2430(653) 0.442 33 2292(795) 2540(644) 0.090 0.718 0.107
Vegetables (g/day) 48 76 (58) 93 (77) 0.192 33 111(107) 140(85)  0.171 0.090 0.363
Fruits (g/day) 48 149 (126) 240 (168) 0.001 33 138(155) 189 (166) 0.027 0.727 0.420
Dairy products (g/day) 48  333(156) 336(134) 0910 33 306(162) 339(152) 0.239 0.452 0.658
Low-fat/skimmed dairy (g/day) 48 109 (144) 179 (157) 0.001 33 93(138) 174 (174) 0.014 0.622 0.672
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Cereals (g/day) 48 166 (72) 160 (61) 0.577 33 145 (57) 175 (71) 0.070 0.144 0.028

Whole cereals (g/day) 48 12 (23) 19 (32) 0.177 33  4(11) 7 (15) 0.460 0.055 0.413
Nuts and legumes (g/day) 48 16 (21) 14 (21) 0.743 33 13 (17) 16 (19) 0.493 0.605 0.742
Fish and seafood (g/day) 48 41 (53) 41 (47) 0.958 33  34(48) 30 (28) 0.739 0.535 0.976
Meat and meat products 48 104 (88) 81(64) 0162 33  93(62) 89(57) 0916  0.519 0.084

(g/day)
Sugar-sweetened
48 85 (146) 47 (81) 0.135 33  63(92) 37(101)  0.282 0.412 0.313
beverages(g/day)
Adherence to dietary patterns
KIDMED score (0—12) 45 5.7 (1.9) 8.1(1.9) <0.001 25 5.4(2.1) 7.7(2.0)  <0.001 0.552 0.652
DASH score (0-9) 48 1.3(0.9) 1.6(1.3) 0.182 33 1.1(1.0) 1.9(1.1)  <0.001 0.320 0.048
HDI score (0-7) 48 1.6(1.1) 1.6(1.1) 1.000 33 1.8(1.2) 1.8(0.9) 0.891 0.531 0.949
Breakfast habits
Skipping breakfast (N, %) 48 0,0 1,21 0.100 33 1,3 2,6.1 0.100 0.407 0.652
BQl score (0-10) 48 3.9(1.0) 5.2(1.6) <0.001 33 3.7(0.9) 4.3(1.2) 0.025 0.269 0.207
Meal frequency and daily
energy distribution
Having > 4 meals/day (N, %) 48 45,93.8 44,91.7 0.100 33 28, 84.8 32,97.0 0.125 0.173 0.154
Evening/ morr;':ﬁoenergy intake e 0.73(0.29) 0.61(0.24) 0.014 33 071(028) 0.69(0.22) 0749  0.796 0.322

KIDMED, Mediterranean Diet Quality Index for children and teenagers; DASH, Dietary Approaches to Stop Hypertension ; HDI, Healthy Diet Indicator;
BQl, Breakfast Quality Index. * = p value refers to differences between Pre- vs. Post-intervention values for either control or exercise group analyzed by
Paired-samples t test (continues variables) and McNemar test (categorical variables). ** = p value refers to differences between baseline values between
control and exercise group analyzed by Independent-samples t test (continues variables) and chi-square test (categorical variables). *** = p value refers to
differences in changes (Post-Pre-intervention values) between the control and the exercise groups analyzed by Univariate Linear Models adjusting with sex,
age and changes in energy intake as covariates; and chi square test by wusing pre-post changes (categorical variables).
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Association between Dietary Improvements and Changes in Hepatic Fat and Adiposity
Markers

Associations of changes in dietary intake, particularly focused on those items related to
the main nutritional goals of the program, and dietary patterns with hepatic fat and adiposity
markers are shown in Table 3 and separately by intervention group in Table $2. Changes in SSB
consumption was significantly associated with changes in hepatic fat content (p < 0.05), but
not with changes in FMI or abdominal fat. When the results were examined by intervention
group, it was observed that the association between changes in SSB consumption and changes
in percent hepatic remained statistically significant only in the control group (p < 0.05), as
shown in Table S2. Moreover, changes in energy intake were significantly associated with
changes in FMI only in the exercise group (p < 0.05, Table S2). No other significant associations
were found between dietary improvements and changes in percent hepatic fat or adiposity
markers. In addition, Figure S1 provides data on children’s growth over the study time.

Table 3. Associations of changes in dietary intake with changes in percentage hepatic fat and
adiposity markers among children with overweight/obesity.

A FMI (kg/m?)

A Abdominal Fat (kg)

A Hepatic Fat (%)

r p r p r p
Main nutritional goals *
A Energy intake (kcal/day) ** 0.086 0.466 0.008 0.946 0.136 0.245
A Fat intake (g/day) 0.056  0.665 0.064 0.619 0.233 0.066
A Simple sugar (g/day) -0.087 0.496 -0.100 0.438 0.013 0.919
A Fruits and vegetables (g/day) 0.136  0.288 -0.007 0.956 -0.045 0.729
A SSB consumption (g/day) -0.017 0.897 -0.083 0.516 0.266  0.035
A Meal frequency (times/day) -0.105 0.414 -0.081 0.528 -0.097 0.451
Dietary patterns
A KIDMED score 0.004 0.976 -0.080 0.535 0.191 0.134
A DASH score -0.166 0.194 -0.113 0.376 -0.137 0.285
A HDI score -0.096 0.453 -0.043 0.740 0.157 0.220
A BQl score 0.004 0.976 0.022 0.864 -0.062 0.628

KIDMED, Mediterranean Diet Quality Index for children and teenagers; DASH, Dietary
Approaches to Stop Hypertension; HDI, Healthy Diet Indicator; BQl, Breakfast Quality Index.
Analyses were adjusted for sex, age and changes in height and energy intake. A means changes
calculated as post-value subtracted by pre-value (A = post-pre). *Main nutritional goals of the
family-based lifestyle education program. **Adjusted for sex, age and changes in height.
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DISCUSSION

The current study showed interesting findings regarding the effect of a 22-week family-
based healthy lifestyle intervention program on changes in dietary habits and adiposity
markers in children with overweight/obesity. Firstly, our intervention program was effective
on reducing the intakes of energy, carbohydrate, total fat and simple and added sugar intake,
as well as increasing the consumption of fruits and low-fat/skimmed dairy in children with
overweight/obesity. Consequently, the adherence to the Mediterranean and DASH dietary
patterns improved, together with an enhancement in the breakfast quality and daily energy
distribution after participating in the program. Secondly, changes in SSB consumption were
associated with hepatic fat reductions, even in the absence of exercise training.

Overall, children had poor dietary habits, with only 16% of children showing optimal
Mediterranean diet adherence (KIDMED score >8 points) at baseline. Della Corte et al. [27]
reported similar results in children and adolescents with obesity; only 14.8% of participants
had an optimal KIDMED score. Concerning macronutrients, the average fat percentage intake
in our study sample (41%) exceeded the one established for the Mediterranean diet (30%—
35%). The intake of percent added sugar (11%) was also above WHO recommendations (<10%
of total energy intake, with additional health benefits if <5%) [28].

After the program, children improved their dietary habits. One of the main goals of the
program was successfully achieved, as participants had lower intakes of simple and added
sugar after the intervention. Moreover, total fat intake decreased among participants after the
intervention, while protein intake barely changed. Due to lower carbohydrate and fat intake,
despite not being the main goal of the program, the intervention induced an average reduction
of ~200 kilocalories/day after the study, which might be due to healthier and less caloric
dietary choices. Similarly, Reinehr et al. [29] reported reductions in energy, fat and sugar
intake after a 6-month intervention based on nutritional education, behavior counselling and

physical activity in 8—16 years-old overweight children.
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Regarding food groups, the aim of promoting F+V consumption was partially
accomplished. F+V consumption was increased in 52% and 24%, respectively, at the end of the
intervention, although the latter was not significant. F+V consumption is highly recommended
for all age-groups, not only because of their low caloric content, but also due to their fiber and
micronutrients supply; therefore, their intake is essential for obesity prevention and treatment
[30,31]. Despite the increase of vegetable consumption, participants still consumed fewer
amounts than that which was recommended. In fact, after the participation in our program,
the average intake of F+V among children was 332 g/day, not meeting the recommendations
of the American Heart Association (>360 g/day) [32] or the WHO guidelines (>400 g/day) [33].
This is in line with a previous work conducted in the same region of our study (Basque Country)
among 4-18 years-olds [34]. We included cooking workshops in two educational sessions in
order to increase kids' interest and motivation regarding healthy food preparation and to
make them feel involved throughout the whole process. Nonetheless, it might be interesting
to additionally include F+V tasting workshops in these type of programs, since they have been
to succeed in enhancing youth’s interest in healthy eating [35,36].

With respect to dairy intake, low-fat/skimmed dairy consumption increased by 73.5%
after the intervention, as participants tended to choose milk/yoghurts with less fat content
than they used to. Nevertheless, participants still did not meet the recommendations for dairy
products (500 g/day) [37]. Although these products are an appropriate source of calcium, this
mineral intake was below European Food Safety Authority recommendation [38] (800—1150
mg/day for 4-17 years-olds), even after the program.

SSB consumption was not significantly changed after the program, even though the 43%
reduction in its consumption should be highlighted. Another 10-week intervention in 4-10
years old children based on family meals did not find intervention effects on SSB consumption
[39]. Likewise, Haerens et al. [40] found no positive effects on the consumption of SSB in 11—

15 years olds after a school-based program. In contrast, another combined school/community-
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based water campaign intervention was successful in reducing the average SSB consumption in
children [41].

The adherence to Mediterranean and DASH dietary patterns was improved after the
lifestyle program. Our findings are in accordance with another study [42], reporting a 42%
increase in the aforementioned score in children with abdominal obesity after 8-weeks;
nonetheless, this intervention included an established energy-restricted diet. As a result of the
increase in F+V and low-fat dairy consumption, the intake of micronutrients included in the
DASH score, such as potassium and calcium, increased, and in turn the DASH score also did. As
far as we are aware, there is no other study examining changes in the adherence to DASH and
HDI dietary patterns in obese children.

Skipping breakfast was less common after the program, as its frequency reduced by
62.5%. Moreover, the greater BQl score observed after the program showed an improvement
in the quality of the breakfast. Despite no changes in meal frequency, participants decreased
the EMEratio, showing that the energy intake in the morning was higher compared to the
afternoon after the intervention. According to Aljuraiban et al. [38], British and American
adults with lower EMEratio and more eating frequents showed lower BMI and higher nutrient
density, whereas those who ate less frequently and mostly in the evening showed lower
intakes of F+V and lower nutrient density and higher alcohol consumption.

Concerning intervention effects on dietary habits between groups, children in the exercise
group increased their cerealintake significantly, as well as their DASH score, compared to their
peers in the control group. In this line, Manz et al. [43] reported a positive association of
physical exercise and recommended daily physical activity with cereal intake among young
boys, which suggest that nutritional adaptation as changes in food choices may occur as a
response to physical activity [44]. According to the literature [45], a 15-week exercise training
could help young adults pursuing healthier dietary preferences, as well as regulating their food

intake in young adults. This could explain the between groups difference in DASH score, in
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which participants in the exercise group improved significantly more their diet quality
according to DASH guidelines.

Our results pointed out a positive association between changes in energy intake and
changes in FMI in the exercise group. In accordance with this, Steinsbekk et al. [46] reported
that changes in energy intake from baseline to six months predicted a decrease in body fat in
children with obesity. The exclusive association observed between the reduction of energy
intake and the decrease in FMI in the exercise group may be explained by the additional
energy expenditure due to exercise training, which would affect both energy balance and
adiposity [47,48].

Changes in SSB consumption were associated with changes in percent hepatic fat. This
finding is in line with our previous work [49], reporting a positive association between SSB
consumption and percent hepatic fat in children with overweight/obesity, which in turn
supports the evidence linking sugary drinks and liver fat [50,51]. Physical activity exerts an
important effect on reducing liver fat [19], which may explain the lack of association between
changes in SSB and percentage hepatic fat in the exercise group, by covering somehow the
effect of SSB. However, even with the absence of exercise, the reduction of SSB consumption
helps to reduce hepatic fat content. A recent systematic review confirmed the link between
SSB consumption and weight gain in both children and adults [52]. Notwithstanding the
number of lifestyle interventions in children with obesity, to the best of our knowledge, there
are no studies targeting SSB reduction for the treatment of NAFLD in children. Findings from
another study [53] suggested that a conventional low-fat or low-glycemic load diet could
produce substantial decreases in liver fat and hepatocellular injury within six months in obese

children.
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STRENGTHS AND LIMITATIONS

This study has some strengths and limitations. The sample size could be considered as a
study limitation, since it was lower than the original sample due to some missing data,
especially in the post-intervention. However, our well characterized and homogeneous sample
with a narrow range of age should be considered as study strength. Last but not least, the use
of magnetic resonance imaging for hepatic fat determination and the study design strengthen

these findings.

CONCLUSIONS

In conclusion, a 22-week family-based healthy lifestyle program mostly focused on
nutritional education and accompanied by psychoeducation seemed to be effective in
improving dietary habits in children with overweight/obesity by reducing energy intake; total
carbohydrate, simple and added sugar intake; and total fat intake on the one hand, and by
increasing the consumption of fruits and low-fat/skimmed dairy on the other. Furthermore,
these changes resulted in improvements in the adherence to the Mediterranean and DASH
dietary patterns, as well as in the breakfast quality and daily energy distribution after the
program. The association observed between SSB consumption and hepatic fat reduction in
participants who did not additionally attend the exercise program support the detrimental
effects of sugary drinks on cardiometabolic health. Hence, interventions targeting healthy
dietary and lifestyle habits with a special focus on the SSB avoidance and physical activity
should be promoted to prevent fatty liver and cardiometabolic disorders in children with

overweight/obesity.
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Table S1. Criteria for the dietary patternscalculation.

Dietary Approaches to Stope Hypertension (DASH)

Nutrient Age 8 to 10 years Age 11 to 13 years
Totalfat (%E) <27% of energy <27% of energy
Saturated fat (%E) <6% of energy <6% of energy
Protein (%E) >18% of energy >18% of energy
Cholesterol (mg) <150 mg <150 mg
Fiber (g) >25g >26 g girls; 231 g boys
Calcium (mg) >1000 mg >1300 mg
Magnesium (mg) 2240 mg > 240 mg
Potassium (mg) >3800 mg 24500 mg
Sodium (mg) <2300 mg <2300 mg
Healthy Diet Indicator (HDI)
Components 0 points 1 point
Saturated fatty acids (%E) >10 <10
Polyunsaturated fatty acids (%E) <6 or>10 6-10
Cholesterol (mg/day) >300 <300
Proteins (%E) <10or >15 10-15
Fiber (g/day) <25 >25
Fruits and vegetables (g/day) <400 2400
Simple sugars (%) >10 <10
Breakfast Quality Index (BQl)
Components 1 points 0 point
Cereals and derivate Bread, non-sugar rich Biscuits, pastries, sugar rich

Fruits and vegetables
Dairy products

Food rich in simple sugars
MUFA-rich products

MUFA/SFA ratio
Energyintake

Fruits, cereals and dairy
product

Calcium

Absence of butter or margarine

breakfast cereals

Fresh fruit, natural fruit
juices, tomato

Whole or skimmed milk,
yoghurt, cheese

<5% of total daily energy
from simple sugars

Olive oil added by the
consumer

22/1

20-25% of daily energy
intake from breakfast

To include the 3 of the
components

>200mg

Not to include butter or
margarine in the breakfast

breakfast cereals
Artificial juices, jam

Dairy desserts

>5% of total daily energy from
simple sugars

Olive oil from biscuits or other
fats such as butter

<2

<20% or >25% of daily energy
intake from breakfast

Not to be composed of three
of the components

<200mg

To include butter or margarine
in the breakfast

%E, percentage from total energy intake; MUFA, monounsaturated fatty acids; SFA, saturated

fattyacids
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Table S2. Associations of changes in dietary habits with percent hepatic fat and adiposity markers by intervention group.

Control group Exercise group
A FMI (kg/m?) A Abd‘(’lg;"a' fat A Hepatic fat (%) A FMI (kg/m?) A Abd‘(’k'g;"a' fat A Hepatic fat (%)
r P r P r P r P r P r P
Main nutritional goals *
A Energy intake (kcal/day)** -0.001 0.997 0.071 0.652 0.001 0.993 0.380 0.042 0.059 0.759 0.265 0.165
A Fatintake (g/day) -0.038 0.816 0.038 0.818 0.102 0.535 0.038 0.872 -0.028 0.908 0.336 0.148
A Simple sugar (g/day) -0.087 0597  -0.101  0.540  0.095 0.563 0_(;22 0.925 -0.038 0.874 -0.092 0.700
A Fruits and vegetables (g/day) 0.209 0.202 0.036 0.826  0.028 0.866  0.016 0.948 -0.023 0.923 -0.232 0.325
A SSB consumption (g/day) -0.058 0.726 -0.021 0.899 0.362 0.024 0.010 0.968 -0.351 0.129 0.100 0.675
A Meal frequency (times/day) -0.155 0.346 -0.134 0417 -0.102 0.536 0.075 0.753 0.079 0.740 -0.026 0.914
Dietary patterns
A KIDMED score 0.171 0.299 0.109 0.507 0.283 0.081 0.2_52 0.283 -0.375 0.103 0.110 0.645
A DASH score -0.066 0.691 -0.051 0.760 0.016 0.922 0.2-28 0.333 -0.191 0.420 -0.255 0.278
AHDI score -0.137 0.406 -0.026 0.874 0.247 0.130 0.064 0.789 -0.018 0.940 0.155 0.514
A BQl score -0.077 0.639 0.031 0.852  -0.046 0.780 0.(;67 0.778 -0.020 0.935 -0.442 0.051

KIDMED, Mediterranean Diet Quality Index for children and teenagers; DASH, Dietary Approaches to Stop Hypertension; HDI, Healthy Diet
Indicator; BQl, Breakfast Quality Index. Analyses were adjusted for sex, age and changes in height and energy intake. A means changes calculated
as post-value subtracted by pre-value (A = post-pre). *Main nutritional goals of the family-based lifestyle education program. **Adjusted for sex,
age and changes in height.
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4. GENERAL DISCUSSION
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4.1. Adherence to the Mediterranean dietary pattern, adiposity and cardiometabolic health

The first two studies included in the current Thesis (Studies | and IlI) examined the
influence of the MDP on adiposity and metabolic profile. More specifically, the Study |
analysed the associations of the adherence to the MDP and CRF with total and central
adiposity in pre-school children, whereas the Study Il examined the relationship between the
adherence to the MDP with healthy and unhealthy metabolic phenotypes in overweight/obese

adolescents.

4.1.1 The influence of Mediterranean dietary pattern and cardiorespiratory fitness on total
and central adiposity in pre-school children

To the best of our knowledge, the Study | is the first work examining the combined
influence of the adherence to the MDP and CRF on total and central adiposity in preschool
children. The main findings of this study were that 1) the adherence to the MDP among pre-
school children was low to moderate, with only few children having an optimal adherence to
this diet; 2) higher adherence to MDP was associated with lower values of waist
circumference, whereas higher levels of CRF were associated with both lower BMI and waist
circumference; and 3) children with both low adherence to the MDP and low CRF had higher

waist circumference independently of age, sex, and sociodemographic factors.

In the Study I, the overall adherence to the MDP among 3-5 years-old pre-school
children was 62.7%, by showing a higher adherence in girls (65%) than in boys (60%). Likewise,
children were classified as having or not having optimal adherence to the MDP (= 80% of total
MDP index), and it was observed that only less than a fourth part of children (24.3%) showed
an optimal adherence to the MDP. Although the adherence to this dietary pattern was based
on the KIDMED test, only those items exclusively related to Mediterranean dietary habits were

considered in the total score, as items regarding breakfast habits or behaviours such as eating
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in fast-food restaurants are not so closely related to the MDP. This low percentage of children
showing an optimal adherence to the MDP reflects that despite the fact that Spain is a
Mediterraneanregion country, at least in the North of the country, traditional Mediterranean-
based dietary habits are decreasing in early childhood. This might be of concern since findings
from the current study suggest that MDP is associated with a lower waist circumference, and
therefore, with a lower central adiposity, which is of high importance due to its relationship
with lower CVD risk. These findings support the previous evidence on the beneficial effects of

MDP on cardiovascular health (153).

We also observed that a higher CRF was associated with lower both total and central
adiposity in pre-school children. These results are in line with previous findings reporting that
pre-school children with excess adiposity showed lower CRF than their normal-weight peers
(154). Similarly, a study conducted with 10-13 years-old children concluded that higher

adiposity was associated with poorer CRF regardless of physical activity levels (155).

Although CRF is partially determined by genetics, it has been shown that regular
physical activity helps enhancing it (119). Therefore, a healthy lifestyle including a diet based
on Mediterranean dietary habits accompanied by regular physical activity might be helpful in
maintaining a healthy body composition and preventing or avoiding excess total and

abdominal adiposity in pre-school children.

4.1.2 Mediterranean dietary pattern and cardiometabolic health

The main finding of the Study Il was that European adolescents with MHO phenotype
showed higher adherence to the MDP than their peers with MUO phenotype. Actually, having
a low adherence to the MDP increased by twice the likelihood of having obesity-related risk
factors, which in turn, stands for having MUO phenotype. Despite the existing evidence on the

effect of MDP adherence on cardiovascular health in paediatric population (131), as far as we
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are aware, this study is the first comparing the adherence to the MDP between MHO and MUO

adolescents.

We found that one third of adolescents with overweight/obesity had a healthy
metabolic phenotype, which means that they still did not develop obesity-related
cardiovascular risk factors. The prevalence of MHO in adolescents varies depending on the
criteria used to its definition. However, the prevalence of MHO among our participants seems
to be close to the percentages reported in other studies (156). Regarding dietary habits of
participants, we observed that MHO adolescents had around 7% higher adherence to the MDP
compared to the MUO ones, supporting the beneficial effects of the MDP on metabolic health.
Moreover, we observed that MHO adolescents had significantly higher (33%) intakes of fish
than their MUO peers. This is in accordance with other studies reporting that fish intake is
associated with lower triglyceride levels and blood pressure, as well as with lower risk of
metabolic syndrome (131,157), which might be due to beneficial effects of polyunsaturated

fatty acids present in fish (158-160).

Furthermore, the difference in the adherence to the MDP observed between MHO and
MUO youths became non-significant after adjusting for CRF. Taking into consideration that CRF
is a strong cardiovascular biomarker, this might be a key characteristic of MHO phenotype

(161).

4.2. Breakfast habits and cardiometabolic health in children with overweight/obesity

The Study Il examined the association of breakfast quality and energy density with
cardiovascular disease risk factor among 8-12 years-old children with overweight/obesity from
the North (Vitoria-Gasteiz) and South (Granada) of Spain. The main findings were the
following: 1) breakfast quality, assessed by the BQI score, was negatively associated with

serum uric acid concentrations; 2) higher BEDs was associated with greater levels of both total
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and HDL cholesterol, as well as with systolic blood pressure; and 3) BEDb was positively related

to HOMA-IR in either active/inactive children with overweight/obesity.

Concerning breakfast habits, we observed that around 10% of children participating in
the study used to skip breakfast. Skipping breakfast has been shown to be associated not only
with obesity, but also with unhealthier lifestyle and poorer diet quality (162—164). In this line,
Ramsay et al.(165) reported that 2-5 years-old children who skipped breakfast consumed
nearly 40% of daily energy intake from snacks, leading to consume high amounts of added
sugar.

We found an inverse association between BQl score and serum uric acid among
children participating in the study. Considering that lower serum uric acid levels have been
associated with lower CVD risk (65), this finding suggests that a high quality of breakfast may
be beneficial for CVD prevention. Focusing on the items included in the BQI score, milk was
one of them and it has been shown that the intake of milk proteins might decrease serum uric
acid levels (166). Similarly, the association between BQIl and serum uric acid could also be
explained by dairy products, fibre-rich cereals and fruits, as all of them are items included in
the BQI score and have been associated with lower serum uric acid levels (167).

Moreover, BEDs was associated with systolic blood pressure, as well as with total and
HDL cholesterol. The relationship between BEDs and systolic blood pressure could be
explained by the consumption of ultra-processed foods such as biscuits and pastries consumed
at breakfast. Precisely, these foodstuffs are often high in sugar and salt, being both associated
with increased blood pressure (168). According to a longitudinal study carried out in children
aged 3-4 and 7-8 years, the consumption of ultra-processed foods in pre-school children may
be predictors of increased levels of total cholesterol in school age children, which might
explain the association between BEDsand total cholesterol (169). Unexpectedly, BEDs was also
associated with HDL cholesterol, which is linked to a healthier cardiovascular profile.
Notwithstanding, some children tended to consume bread toasts with virgin olive oil, and
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despite its liquid form, olive oil is not drinkable in the form it is consumed. Therefore, toasts
plus virgin olive oil were considered as solids altogether. Since the consumption of virgin olive
oil is associated with reduced risk of CVD and mortality, this fact can be explaining the positive
association between BEDs and HDL cholesterol (170). Furthermore, BEDb was positively
associated with HOMA-IR, which could be due to soluble cocoa added to milk or artificial juices
consumed at breakfast, as these choices are sugar-rich, which in turn are associated with
insulin resistance in children with overweight/obesity (142). This association was observed
either in active or inactive children; suggesting that physical activity did not attenuate the

detrimental effects of an unhealthy breakfast.

Nonetheless, to the best of our knowledge, this is the first study examining the
association of breakfast quality and its energy density with CVD risk factors in children with
overweight/obesity, which hampers comparisons. Indeed, although there are several studies
focused on the effects of skipping breakfast on health and academic performance in children

(171), the evidence on the influence of breakfast composition on CVD risk factors is scarce.

4.3. Dietary habits, hepatic steatosis and insulin resistance

The Study IV examined the influence of several food groups on hepatic fat content and
insulin resistance among 8-12 years-old children with overweight/obesity. The main findings
from the current study were that 1) cereal intake was negatively associated with hepatic fat
content, but not with insulin resistance; 2) SSB) consumption, as well as their sugar content,
were positively associated with percentage hepatic fat, but not with insulin resistance; and 3)
dairy desserts and substitutes (DDS) were not associated neither with hepatic fat nor with
insulin resistance in children with overweight/obesity.

We observed that 36.4% of our participants presented hepatic steatosis. A high

prevalence of hepatic steatosis was expected since the study sample was composed of
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children with overweight/obesity. Precisely, excess adiposity increases the risk of fat
deposition in the liver (72), and therefore, the prevalence of hepatic steatosis among patients
with excess weight is greater compared to the general population. Thereby, children with
hepatic steatosis were characterized by presenting central adiposity, as they had higher values
of both waist circumference and abdominal adiposity. In contrast, we did not find differences
of BMI between children with and without hepatic steatosis. This findings highlight the
limitation of BMI on determining excessive adiposity, and it should be noted that abdominal
adiposity might be a better predictor of hepatic steatosis than BMI (97).

Regarding dietary intake, we unexpectedly observed that cereal intake was negatively
associated with hepatic fat content, which is not in accordance with findings from other
studies (172). Albeit it would be of interest to examine the influence of whole cereals on
hepatic fat, their intake among participants was quite low. In any case, fibre intake was not
associated with percent hepatic fat. On the contrary, cereals were not associated with insulin
resistance.

The most interesting findings of the current study were that SSB intake and sugar from
SSB were positively associated with percent hepatic fat regardless of several confounders. This
is in agreement with other studies reporting the detrimental effects of sugary drinks on liver
and cardiovascular health (145,146). In our study, children with hepatic steatosis (117 ml/day
of SSB consumption) consumed more than twice SSB than those without hepatic steatosis (53
ml/day of SSB consumption). Although SSB consumption has been associated with greater
increase in insulin resistance in adults (173), we found no association between SSB or sugar
from SSB and HOMA-IR. Given that insulin resistance might develop as a consequence of
excessive hepatic fat accumulation, one explanation of this finding could be that HOMA-IR is
not still altered in these children with overweight/obesity, as could be a later step in the
pathogenesis of NAFLD. In contrast, there was no association of DDS with hepatic fat content

or HOMA-IR in children participating in the study. One possible explanation might be that as
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fructose or sucrose containing SSB are liquid and do not contain fibre, the fructose from these
beverages is rapidly absorbed into the portal vein and go directly to the liver (148,174). On the
contrary, DDS are mostly solids and contain other nutrients such as calcium or dairy-fat, which
are not present in SSB, that seems to have beneficial effects on liver and cardiovascular health

(175,176).

4.4. The effect of a family-based lifestyle education program, including nutritional

counselling, on dietary habits, hepatic fat and adiposity

The study V examined the effects of a 22-week family-based healthy lifestyle program
on changes in dietary habits and adiposity markers in 8-12 vyears-old children with
overweight/obesity. The main findings of the current study were that the family-based
intervention program we carried out for 22 weeks was effective on 1) reducing energy,
carbohydrate as well as total and simple added sugar intake, together with increasing the
consumption of fruits and low-fat/skimmed dairy; and 2) improving the adherence to the
Mediterraneanand DASH dietary patterns, breakfast quality and energy distribution of the day
in children with overweight/obesity. In addition, 3) changes in SSB consumption were
associated with hepatic fat reduction, even in the absence of exercise training.

Overall, our results showed that children participating in the study had poor dietary
habits. We observed that the adherence to healthy dietary patternssuch as MDP, DASH or HDI
at baseline was low among participants. For instance, less than one fifth part of children had
an optimal adherence to the MDP. Furthermore, sugar and added sugar intake before the
participation in the program was too high according to nutrition guidelines (142), which is of
high concern due to its relationship with CVD risk.

However, and fortunately, dietary habits among children improved together with their

participation in the program, and participants reduced their total and added sugar intake.
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Besides the sugar intake, they also reduced the intakes of carbohydrates and fat; and as a
consequence, participants consumed less energy per day at the end of the lifestyle program.
Although the reduction of energy intake of the diet was not a specific aim of the nutritional
intervention, by the end of the program most of children had learnt to make nutritionally more
adequate dietary choices, and therefore, these healthier options seemed to be lower in
energy.

The nutrition program was not only focused on promoting the consumption of fruits,
vegetables and fibre-rich foods such as whole-grain bread/cereals and improving breakfast and
snacks habits, but it was also on reducing artificially-added sugar-rich products. Before the
intervention, most of kids tended to consume SSB, flavoured yoghurts, biscuits or candies
every single day, and hence, their intake of sugar was too high by leading to weight gain. On
the other hand, as some participants used to refuse vegetables before trying them, we
organised a vegetable-based cooking workshop to make children veggies more attractive. We
also wanted to offer families healthier snack alternatives in order to avoid the consumption of
ultra-processed foods, so the program included another healthy snacks-workshop based on
fruits, plain yoghurts and whole cereals. Thus, children learnt that by adding pieces of fruit to
plain yoghurt they could obtain a sweet-flavour yoghurt but much healthier than the
artificially-flavoured ones. They also tried adding oatmeal or nuts to yoghurts, made shakes
and ice-creams with fruits and milk or designed healthy toasts with whole-grain bread.
Interestingly, the consumption of fruit and low-fat/skimmed dairy increased at the end of the
program; even though, children did not meet their recommendations yet (177-179). As a
result of these dietary improvements, the adherence to the MDP and DASH diet was also
increased. In addition, although not significantly, SSB consumption among participants
reduced considerably after the program. It is of note that improvements of dietary habits of
children depend a great deal on their parents awareness of health and diet, as parents are still

the responsible for grocery shopping, meals planning, and overall, feeding their children. On
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the other hand, the distribution of the daily energy was improved since participants decreased
the EME,.i, which according to the literature, seems to have benefits on adiposity (180). The
lack of studies examining the adherence to the DASH or HDI diet in children after participating
in a lifestyle program hampers comparisons.

We also observed that changes in SSB consumption were associated with changes in
percent hepatic fat. This finding is in line with our previous study (181) in which SSB were
positively associated with percent hepatic fat. As previously mentioned, the evidence
regarding the detrimental effects of SSB consumption on liver health is strong (142,182). These
negative effects of sugary drinks on liver are mostly attributed to the fast-absorbable fructose,
as this monosaccharide increases de novo lipogenesis, TG production and fat accumulation in
the liver, and increase blood TG and cholesterol levels (183-186). Importantly, the decrease in
SSB consumption was associated with hepatic fat reduction, even in the absence of exercise

training.
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5. CONCLUSIONS AND CLINICAL
HEALTH IMPLICATIONS/

ONDORIOAK ETA INPLIKAZIO
KLINIKOAK
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5.1. Conclusions

The conclusions of the current International Doctoral Thesis are the following:

I) High adherence to the MDP might prevent pre-school children from abdominal
adiposity and later CVD, whereas high CRF seems to have benefits not only preventing
abdominal adiposity, but also total adiposity in pre-school children. These findings
highlight the importance of promoting a healthy lifestyle including MDP as well as

physical activity since early childhood.

I1) High adherence to the MDP and its components, such as the intake of fish, seem to
have a protective role against adiposity-related CVD risk factors development in
adolescents with overweight/obesity, leading to present a metabolically healthy

obesity. Moreover, CRF may also play a key role in the healthy metabolic phenotype.

) Breakfast with high quality and with low energy density from both solids and
beverages might be beneficial to prevent CVD risk factors in children with
overweight/obesity. Therefore, besides breakfast components and its quality,
breakfast energy density should also be considered as an additional dimension in

nutrition-based education programs for an early prevention of CVD risk factors.

IV) A diet moderate in cereals intake and low in SSB and their sugars content seems to be
related to lower hepatic fat content in children with overweight/obesity. A 22-week
family-based healthy lifestyle program mostly focused on nutritional education is

effective on improving dietary habits and reducing SSB consumption in 8-12 years-old
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children with overweight/obesity. In addition, the reduction of SSB consumption was
shown to be effective on reducing hepatic fat content in these children, by supporting
the detrimental effects of sugary drinks on hepatic steatosis. Interventions in children
with overweight/obesity should include specific strategies focused on the reduction
and avoidance of SSB for the prevention and treatment of hepatic steatosis and its

consequent CVD comorbidities.

5.2. Clinical health implications

The findings from the current International Doctoral Thesis regarding the influence of
dietary habits on hepatic and cardiovascular health in children might have clinical implications
in the design and development of future healthy lifestyle education programs focused on the
prevention of obesity and its related comorbidities. Nutritional education programs should
include contents targeting the promotion of MDP, the consumption of a healthy breakfast, a
diet low in total and added sugars, and particularly, SSB avoidance for the prevention and

treatment of obesity, hepatic steatosis and CVD risk factors in children.

SSB require special attention when focusing on sugars and health. The present work
emphasizes the relation between the consumption of SSB and hepatic fat content by
supporting the cumulative evidence regarding the detrimental effects of these sugary drinks
on hepatic steatosis and cardiovascular health. However, the consumption of SSB, such as soft
drinks and artificial fruit-juices, is common among children, supposing an important
contribution of added sugar. Lifestyle programs aiming the reduction of hepatic fat content
should set the goal of avoiding the consumption of SSB. Teaching children how to interpret

nutritional labels and weighting the amount of sugar that these products contain could also
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help to think more critically by increasing the awareness of the total amount of sugar they

consume.

Physical activity improves CRF and body composition, which are both related to a
healthier metabolic phenotype. Based on this, it is of high importance to promote a physically
active lifestyle and the practice of regular physical activity among children with

overweight/obesity to prevent obesity-related comorbidities.

In summary, health policies targeting healthy lifestyle promotion and sugar-rich food
and beverages advertising restriction might additionally help to prevent and tackle obesity,
hepatic steatosis and CVD, together with increasing the well-being of people and reducing the

public health costs.
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5.1. Ondorioak

Nazioarteko Doktorego Tesi honen ondorioak ondorengoak dira:

I) PDM-kiko atxikidurak eskolaurreko haurretan gantz-pilaketa abdominala eta
etorkizuneko GKB izatea prebeni lezakeen bitartean, bihotz-arnas gaitasunak gantz-
pilaketa abdominala zein totala prebenitzeko onurak izan litzake. Aurkikuntza hauek
PDM eta ariketa fisikoa barnebiltzen dituen txikitatik bizi-ohitura osasungarriak

sustatzearen garrantzia azpimarratzen dute.

I1) PDM-kiko atxikidurak eta arraina bezalako dietako elikagaiek adipositateari loturiko
GKB-ren arrisku faktoreen garapenaren aurrean funtzio babesgarria izan dezateke
gainpisua/obesitatea pairatzen duten nerabeetan, metabolikoki osasuntsua den
obesitateaizatera daramatelarik. Era berean, bihotz-arnasgaitasunak rol garrantzitsua

bete lezake metabolikoki osasuntsua den fenotipoan.

llI) Kalitate altuko eta solido zein edari jatorriko dentsitate energetiko baxuko gosaria
GKB-ren arrisku faktoreak prebenitzeko onuragarria izan liteke gainpisua/obesitatea
pairatzen duten haurretan. Ondorioz, gosariaren osagaiak eta honakoaren kalitateaz
haratago, gosariaren dentsitate energetikoa ere oinarri nutrizionaleko hezkuntza
programetan dimentsio gehigarritzat hartu beharko litzateke GKB-ren arrisku

faktoreen prebentzio goiztiarra bermatzeko.
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IV) Zerealen neurrizko kontsumoa duen eta azukredun edarietan eta hauen azukre
edukian urria den dieta bat gibeleko gantz-pilaketa txikiago batekin erlazionatzen da
gainpisua/obesitatea duten haurretan. Hezkuntza nutrizionalean oinarritutako 22
astetako bizi-ohituren hezkuntza programa familiar bat elikadura-ohiturak hobetzeko
eta azukredun edarien kontsumoa murrizteko eraginkorra izan daiteke
gainpisua/obesitatea pairatzen duten 8-12 urte bitarteko haurretan. Horrez gain,
azukredun edarien kontsumoaren murrizketa haur hauen gibeleko gantz edukia
murrizteko eraginkorra dela behatu da, azukreetan aberatsak diren edariek esteatosi
hepatikoan duten eragin kaltegarria azpimarratuz. Gainpisua/obesitatea pairatzen
duten haurrei bideratutako esteatosi hepatikoaren eta GKB-ren prebentzioa helburu
duten esku-hartze programek azukredun edarien kontsumoaren murrizketa eta

ekiditean oinarritutako berariazko estrategiak barnebildu beharko lituzkete.

5.2. Inplikazio klinikoak

Haurren elikadura-ohiturek esteatosi hepatikoan eta osasun kardiobaskularrean duten
eraginaren inguruko Nazioarteko Doktorego Tesi honen aurkikuntzek obesitatea eta
ondoriozko erikortasunaren prebentzioa helburu duten etorkizuneko bizi-ohitura osasuntsuen
hezkuntza programen diseinua eta garapenerako inplikazio klinikoak izan ditzake. Haurrei
zuzendutako hezkuntza nutrizionaleko programek PDM, gosari osasungarri baten kontsumoa,
azukre eta gehitutako azukreetan urria den, eta bereziki, azukredun edarien saihestea
sustatzen duten edukiak barnebildu beharko lituzkete obesitatea, esteatosi hepatikoa eta GKB-

ren arrisku faktoreen haurren prebentzio eta tratamendurako.
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Azukreak eta osasunaren arteko arloan, azukredun edariek arreta berezia eskatzen
dute. Lan honek azukredun edarien kontsumoak eta gibeleko gantz edukiaren arteko erlazioa
azpimarratzendu, edari gozo hauek esteatosi hepatikoan eta osasun kardiobaskularrean duten
eragin kaltegarriaren inguruko ebidentzia euskarri duelarik. Hala ere, edari freskagarriak eta
fruta-zuku artifizialak bezalako azukredun edarien kontsumoa ohikoa da haurretan, gehitutako
azukreen ekarpen garrantzitsu bat suposatuz. Gibeleko gantz edukia murriztea helburu duten
bizi-ohituretan oinarritutako programek azukredun edariak saihestearen helburua jarri
beharko Ilukete. Horrez gain, haurrei informazio nutrizionala biltzen duten etiketak
interpretatzen eta produktuek duten azukre kantitatea pisatzen irakasteak, kontsumitzen
duten azukre kantitateareninguruko kontzientzia handitzen eta modu kritikoagoan pentsatzen

lagunduko lieke.

Ariketa fisikoak bihotz-arnas gaitasuna eta gorputz-konposizioa hobetzen ditu, biak
fenotipo metaboliko osasuntsuago batekin erlazionatzen direlarik. Honakoan oinarrituz,
obesitateari egozten zaizkion erikortasuna prebenitzeko, fisikoki aktiboa den bizimodua eta
modu ohikoan ariketa fisikoa burutzea sustatzeak garrantzi handia gainpisua/obesitatea duten

haurretan.

Laburbilduz, bizi-ohitura osasungarriak eta azukreetan aberatsak diren elikagaien
iragarkien murrizketak helburu dituzten osasun politikek obesitatea, esteatosi hepatikoa eta
GKB prebenitu eta hauei aurre egiten lagun lezakete. Ekimen hauek pertsonen ongizatea

areagotu ez ezik, osasun publikoaren gastua ere murriztuko lukete.
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