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Abstract

Introduction: Numerous studies on nightshift workers evidence a link between circadian rhythms
disruption and metabolic disorders. In parallel, other investigations mainly carried out on animal models or
in human adults, show a link between the timing of life habits, insufficient duration and poor quality of sleep,
and the development of obesity and its comorbidities. Nevertheless, little is known about the role played by
these mechanisms in the current epidemic of childhood obesity. Therefore, we developed a study of the
relationship between life habits, circadian rhythms of melatonin, and metabolism, in the context of childhood
obesity. In complement, we also studied in vitro the impact of melatonin on the circadian rhythm of the
genetic expression of adipocytes.

M&M: A transversal and analytical study was performed on 203 children between 7 and 16 years
old, assigned to the control group or the overweight and obesity group. Anthropometric and clinical
characteristics were collected, metabolic and inflammatory markers were measured in the plasma. Melatonin
was assessed by immunoassay in saliva that was collected by the participants at home at three time points:
4h before sleep time, 2h before sleep time and after 1h of sleep. Questionnaires were used to collect
information about life habits, chronotype, and life environment. The in vitro study was performed on human
subcutaneous adipocytes, after 24h in culture with or without melatonin supplementation, RNA was extracted
at four time points and quantified by rtqPCR for clock genes and metabolic genes.

Results: A lower increase rate of melatonin around sleep time was observed in children with
overweight and obesity. In parallel, the in vitro study showed that adipocytes stimulated with melatonin
present a greater amplitude in the circadian expression of clock genes and metabolic genes. In children,
correlations and multivariate analysis showed interrelationships between variables from all the different
categories: anthropometry, clinic, metabolism, inflammation, circadian rhythms, chronotype, life habits, and
environment. A subsequent clustering analysis showed that among the individuals from the obesity group, a
subgroup of individuals presented a better metabolic health in parallel of earlier life habits and a longer sleep
duration. An algorithm showed that, among the parameters studied, poor sleep quality and duration and late
meal timing were the strongest predictors of obesity. Another algorithm showed that melatonin nocturnal
increase rate was as much a biomarker of obesity as classic markers such as adiponectin, omentin, ghrelin,
or glucose.

Discussion: The present findings support that there is, in childhood obesity, a relationship between
life habits, circadian rhythms of melatonin and metabolism. We observed that late chronotypes and life habits,
short sleep duration, poor sleep quality, and eating more in the later part of the day, are associated to poorer
metabolic health outcomes, in parallel of an altered nocturnal melatonin rise. Plus, the presence of screen
devices in the sleep environment, as well as low education levels of the parents and precarious work situation
of the father, appear as risk factors for the children in term of social jetlag, short sleep, late life habit, but also
obesity and its metabolic alterations. These new findings emphasize the importance to address sleep, life

habits timing, and life environment, in the development of measures of prevention and treatment of obesity.
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I. Introduction



I.1.  Childhood obesity, a public health issue of
the modern era

Overweight and obesity define an abnormal or excessive accumulation of fat in the organism, which

present risk for health.

Several methods exist to characterize this excessive accumulation of body fat mass, taking into
consideration that the body composition evolves with age and puberty stage and is different according to the
sex. On one hand, the lean and fat masses can be accurately measured by bioelectrical impedance analysis,
nevertheless, this method requires expensive materials, limiting its availability worldwide. On the other hand,
the body weight is easy to measure everywhere, and 70-85% of the body weight variations is in fact linked
to the fat mass variations.! Therefore, an index based on the body weight for a given body height informs
quite reliably on the body fat mass. The formula of the body mass index (BMI) is BMI = mass in kg / (height
in m)°. In adulthood, from a BMI of 25kg/m?, an individual is considered to present overweight, and passed
30kg/m?, to present obesity. During growth, the body mass and height are not proportionate so these criterions
cannot apply. Therefore, the WHO indicates that the reference to use is the number of standard deviations
(SD) to the mean BMI in a population of a same age and sex. Above +1SD, a child is considered to present
overweight, and above +2SD, to present obesity.>* In complement, other anthropometric characteristics as
the circumferences of the arms, waist, and hips, can allow a more accurate prediction of the comorbidities

associated with high BML*

The prevalence of obesity is increasing worldwide, including in childhood, with a rise from 4% in
1975 to 18% in 2016 in the children between 5 and 19 years old.>® This global trend is represented in

Figure 1 with the increasing proportion of the overweight and obesity (in red and yellow) in the
world population. This figure illustrates the trends in females, which look very similar as the equivalent
figure of trends in males.” The overweight and obesity increase is frequently qualified as a global

pandemic®’, and Southwestern Europe is touched in an even higher proportion than the global.’”
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Figure 1. Worldwide trends in obesity, overweight, normal weight and underweight in females.

Adapted from NCD-RisC, 2017 with permission from the authors’, Open license: Attribution 4.0 International (CC BY
4.0).

According to the developed by the World Obesity Federation, this trend is very likely to persist in
the future. In their Global Atlas on Childhood obesity, they predict that the number of children age 5-19 years
old living with obesity will rise of 60% by 2030.'° This same report also estimates the chances of countries
to be meeting the WHO target of “no increase in childhood obesity prevalence by 2025”. As an example, for
Spain, the chances are estimated at only at 18%. This situation is preoccupying considering overweight and
obesity result each year in millions of deaths'!, and the concerned individuals are also more vulnerable to die

or develop more complications in other pathologies as clearly observed in the Covid-19 pandemics.'*!* The



children with overweight and obesity have an increased probability to present obesity in adulthood,'*!® but
also other diseases such as type-II diabetes, steatohepatitis, cardiovascular diseases and cancers.'’ ! On the
short term, this burden of ponderal overload is also associated with weakened cognitive functions, and these
children are more prone to depression, impaired body-image, low self-esteem, stress, weight stigma, eating

disorders and poor quality of life.?**

To efficiently prevent obesity development, it appears essential to reach an accurate understanding
of the elements favouring obesity development as well as the biological mechanisms involved. In the recent
years, the importance of timing and rhythms in obesity physiopathology has been investigated, although
substantially more in adulthood than in childhood. This work constitutes the first approach in children
integrating together life habits, circadian rhythms, and metabolic homeostasis, and showing their relationship

in childhood obesity.
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I. 2. Metabolic health and life habits

The metabolism is defined as the sum of the reactions that take place within a living organism and
that provide the energy necessary to live. First, the parameters conditioning the energy intake and energy
expenditure are presented (Figure 2), followed by energy storage and a particular introduction to the adipose

tissue physiology. Finally, the concept of homeostasis in energy, fat, and weight is discussed.

ENERGY EXPENDITURE

~—

Figure 2. Schematic representation of the energy metabolism

Scheme created by Marie Gombert and drawn by Clémence Gombert



L. 2.1. Energy intake

Energetic molecules as carbohydrates, lipids, and proteins, are absorbed by the organism through
the digestive tract. The total energy intake of an individual depends on the regulation of the ingestion and the

absorption processes.

1 2.1.1.  Nutritional ingestion

The occurrence of the nutritional ingestion, as well as the quantity and quality of nutrients ingested,
is a behaviour which results from the integration by the central nervous system of biological, psychological,

and external drivers.

a)  Biological signals

The action of nutritional ingestion integrates biological signals from the organism indicating the

energy available and the resources needed, in terms of quantity and quality.

The digestive system, storage organs, and the central nervous system, dispose of a variety of sensors
which continuously detect the levels and type of nutrients that are ingested, stored, or available in the blood
circulation. This information is communicated through nervous and endocrine signals to the central nervous
system and gets integrated in the brain stem and in the hypothalamus. The arcuate nucleus of the
hypothalamus is a key location of the regulation of the ingestion. This nucleus contains two groups of neurons
with opposite actions: stimulating or inhibiting the hunger feeling. These neurons are themselves stimulated
or inhibited by peripheral signals, and act by communicating with other nuclei of the hypothalamus such as
the dorsomedial hypothalamus, lateral hypothalamus, paraventricular nucleus, ventromedial nucleus.” The

peripheral signals involved in the arcuate nucleus activity are of endocrine and nervous nature:

. Endocrine signals

When the digestive tract is empty, ghrelin is produced by the cells of the stomach and proximal
duodenum. It reaches high levels before meals which fall during the postprandial period.”® This peptidic
hormone acts directly as orexic factor on the arcuate nucleus. Leptin, in the contrary, has an anorexigenic
action. It is produced by the adipose tissue in higher levels during the post prandial periods, and its synthesis
is proportional of the volume of fat in the body.?”-?® Its action on the arcuate nucleus triggers the satiety
feeling, which consequently reduces nutritional ingestion.?® In addition, insulin, produced by the pancreas
consecutively to a rise in glycemia, acts in a similar manner as leptin on the hunger regulation through

hypothalamic signalling.”
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The control of appetite and satiety occurs at the level of the nervous system and is integrated in the
arcuate nucleus of the hypothalamus, in which there are two groups of neurons with opposing effects. On
one hand, the neurons expressing the neuropeptide Y and the agouti peptide, promoting the consumption of
foods that increase appetite and decrease energy expenditure. On the other hand, the proopiomelanocortin,

and the cocaine- and amphetamine-regulated transcript neurons, with the opposite action.

. Nervous signals

Direct signal from the digestive tract is communicated to the central nervous system through the
vagus nerve, for instance from the baroreceptors of the stomach which sense distensions, and the detection
of glucose and lipide levels in the liver.”® The distention of the stomach caused by food ingestion is sensed
by baroreceptors, which in turn inhibits the ghrelin synthesis and therefore decreases the hunger feeling.
Circulating nutrients are also detected directly in the brain to regulate nutritional intake. Glucose-sensitive
neurons have been identified in the arcuate nucleus and the paraventricular nucleus.*® Plus, lipids presence
in the central nervous system may also diminish the nutritional ingestion through decreasing the expression
of orexigenic neuropeptides in the hypothalamus.’! Finally, the repeated lack of an essential amino acid in
the diet is known to induce a repulsive behaviour towards foods which lack this amino acid.*® This

mechanism show that not only the quantity but also the content of the meals are driven by biological signals.

In summary, the human organism senses the levels of energy available and produces signals aiming

to regulate energy ingestion through a modulation of the hunger and satiety feelings.

b)  Psychological signals

The human feeding behaviour in does not only depend on the biological needs in energy. An
important part lies in the integration of these signals, together with psychological signals.”® These
psychological signals include the reward system, which mediates the behaviours associated to pleasure-
seeking associated with food intake.>**® Numerous other psychological parameters influence the nutritional

34,35

intake such as emotions®’, memory>**, aversion or attractivity toward foods*® the attention toward foods®’,

25,38 t 39

the cognitive control of decision making which is shaped by social trust.” Finally, in emergency

conditions such as trauma, illness or injury, the hunger signal can be switched-off.*°

c)  External signals

The biological and psychological signals regulating feeding are modulated by elements from the
environment. The availability of foods, the influence of peers, social norms, culture, or education, also
condition the feeding behaviours.*'* In childhood and particularly at younger ages, the nutritional context
is set by the caregivers. Consistently, the nutritional ingestion of the children is related to their own

consumption and awareness.** The policies applied in the country regarding marketing and signalling of



unhealthy foods, together with sensibilization campaigns, also influence the awareness of the parent and the

child.** Consecutively, it changes the content of the supermarket cart, the fridge, and the plate.*6

In summary, the feeding behaviour is the result of the integration of biological signals, psychological
signals, and environmental signals. All their different components form a network in which they regulate

each other.”

1 2.1.2.  Nutritional absorption

The energy intake of the organism depends on the quantity and quality of nutrients that are not only
ingested, but also absorbed. From the arrival in the mouth, foods undergo a succession of mechanical,
chemical and enzymatic steps act in chain to be transformed into nutrients that are absorbable by the
intestines.*® In average 90% of the nutrients ingested are absorbed, but through the modulation of the motility
of the digestive tract, and the expression of transporters at the surface of the enterocytes, the absorption can

50,51

be regulated. This regulation has been shown to be influenced by hormones*’, digestive peptides®**!, mental

stress>, the integrity of the intestinal barrier’, and by the gut microbiota.>*

It is to note that the mechanisms regulating ingestion and digestion are interconnected. For example,
the sight, smell, or taste of a food trigger a cognitive and psychological response which stimulates the hunger
feeling. In parallel, it signals the digestive system to prepare for food consumption, starting with the well-
known saliva secretion increase in the mouth, as well as the production of digestive enzymes, hormones and

motility regulation.?®
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As summarized in Figure 3, the nutritional intake depends in the energy ingested and absorbed.

These processes depend on biological, psychological, and external signals.
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Figure 3. Summary of the elements influencing energy intake

Scheme created by Marie Gombert and drawn by Clémence Gombert



L. 2.2. Energy expenditure

The nutrients absorbed are the substrates of biochemical reactions which generate an energy
molecule that can directly be used by the cells: the adenosine triphosphate (ATP). The glycolysis, the Krebs
cycle and the cellular respiration are reactions during which ATP is produced. The organism needs to provide
each of its cells with the necessary energy for its basal maintenance, for the digestion, the temperature

homeostasis, the specific needs of physical, mental activities, sleep, and in the case of children, growth.

1221 Basal metabolism

The basal metabolism corresponds to the energy expenditure necessary for the individual to survive,
without doing any activity, but not asleep. It is quantified through the measurement of the basal metabolic
rate, the metabolic expenditure at rest per unit of time. At rest implies being fully awake but lying down,
fasted for 10 to 12 hours, in a thermo-neutral environment and free of emotional stress.’® The average
estimated percentage of basal metabolic rate per organ is of 27% for the liver, 19% for the brain, 18% for the
skeletal muscle, 10% for the kidney, 8% for the heart, and 19% for the other organs. basal metabolic rate is
lower in girls compared to boys, and decreases with age.>’ Lean mass is closely related to energy expenditure

t58

even at rest>®, and through its increase, regular physical activity practice increases the basal metabolic rate in

the long term.>’

1 2.2.2.  Digestion

The digestion process by itself consumes energy for the motility, secretions of fluids, enzymes,
hormones, immune factors, and compounds of the mucosa. In addition, expenses are related to the
postprandial metabolism of the nutrients. These processes elevate the energy expenditure of the organism,

and the variation depends on the quantity and quality of the meal.*°

1223 Temperature homeostasis

As human are homeotherm animals, the body temperature is actively maintained constant, around
37°C. The hypothalamus receives information from cutaneous and inner temperature sensors, and triggers
adaptative responses. The body temperature decreases through radiation, evaporation of the transpiration,
convection, and conduction of temperature. The vasodilatation of the peripheral vessels potentiates these
mechanisms by increasing the quantity of blood present close to the body surface and participating to the
temperature exchanges. Children present a higher body surface area relative to their mass compared to adults,

therefore this mechanism is even more efficient for them.®' Plus, other mechanisms are activated to regulate

10
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body temperature in addition to this vasodilatation/vasoconstriction system, such as the horripilator muscles,

muscular shivering, and the thermogenesis in the brown adipose tissue.

1. 2.2.4.  Physical activity

a) Effect on metabolism

Physical activity increases the energy expenditure via muscular contraction, increase in heart rate
and breathing rate. Body weight impacts the energy expenditure of physical activity as a heavier body cost
more energy to move. The quantity of movement, frequency and duration spent in activity matter. In addition,
the type of physical activity practiced conditions the level of intensity of the effort. School-aged children are
frequently enrolled in extracurricular physical activities which intensity levels vary from an activity to
another. A way to estimate physical activities intensity is through classification based on the type of
mechanical action done by the muscles, from which can be deduced the level of cardiovascular response
demanded by each sport.®* In childhood, the energy expenditure related to activity is lower than in adulthood.
An explanation may be that their body being smaller and lighter, they need fewer energy to move it.*%* In
addition, studies with actigraphs show that compared to adults, children spend more time in activity per day,

and their activity patterns differ too, characterized by intermittent, short and intense moments of activity.*

b)  Intrinsic and environmental drivers of physical activity

As for the nutritional intake, the quantity of exercise varies according to different factors from
biology, psychology, and environment. Genetics contributes to predispose for physical activity in daily life,
and for the quantity of energy expenditure induced by an activity. These predispositions may correspond
to visible interindividual differences in personality or tempers, with certain children appearing to naturally
be very dynamic and mobile while others are more calm. The body weight also modulates the energy
expenditure as the same movement requires more energy if the body is heavier. In addition, the social
environment influences the level of physical activity of the child through the direct contact with other

68,66

persons®, indirect influence through medias®’, the sociodemographic characteristics®®, and the urban or

rural life environment®®°,

1 2.2.5.  Mental activity and emotional status

Complex tasks requiring intense mental focus (such as reading a PhD thesis), may seem very energy
consuming, but it appears that this process induces a very little increase in energy expenditure.”! As the brain
function already constitutes 19% of the basal metabolic rate, a possibility is that the increase in activity
induced by the mental task represents a very small increase at the scale of the brain function, and is hardly
detectable on the global metabolic rate. Nevertheless, emotions and mental stress do increase the energy

expenditure significantly. Mental stress was shown to increase about 12% the metabolic rate.”

11



It is to note that the time spent doing mental activities are generally sedentary. From listening to the
teacher at school to playing videogames, these activities have an impact on energy expenditure by the limited
amount of movement performed during their duration. Studies tend to show that the effect on the energy
expenditure may differ according to the types of screen devices. For instance, the use of television is thought
to induce the most sedentary behaviour and is associated to an increase in snacking habits, while active
videogames are estimated to induce the same level of energy expenditure as walking.”® Gender is also

associated with different patterns and types of screen use.®®

1 2.26. Sleep

Energy expenditure decreases during sleep. Therefore, the sleep duration changes the time spent in
“low energy mode”, which impacts the total energy expenditure over a day.”* The energy expenditure varies
according to the sleep stage. The lowest energy expenditure occurs during stage 2 and slow waves sleep,
whereas the phases of rapid-eye-movement (REM) sleep and stage 1 are higher but remain significantly
lower than during the wake period. Sleep also indirectly impacts energy expenditure during the day.

As feeding and physical activity, sleep behaviour results from biological, psychological, and external
signals. Physiological factors play a role in sleep arousal, for instance the accumulation of adenosine in the
basal forebrain”’, and the melatonin onset which will be further described and prepare the organs for the sleep
period. But sleep is also conditioned by psychological elements of decision making, mental and emotional
state, social schedules (in particular school and work time)’®, and the direct sleep environment including
light, noise, presence of other individuals or animals...

In addition to its impact on energy metabolism, sleep constitutes a temporal niche for numerous key
health functions that need to occur every day when the organs are at rest. For instance, cellular turnover in
the organs takes place essentially while they are at rest during several hours, and was shown to be controlled
by the circadian clock.””-”® It is also the time of repair mechanisms to be performed, and sleep quality is

necessary for inflammation levels to remain at healthy levels.”

1 22.7. Growth

During childhood, growth constitutes an additional path of energy expenditure. Passed the first
months of life, the daily energy expenditure mobilized for growth is negligeable compared to the basal
metabolic rate, the thermic effects of meals and the physical activity.*® Nevertheless, puberty is a period of
important changes in metabolism regarding hormonal activity, body composition and psychological

development, which influence activities and, indirectly, the energy expenditure.

12
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As summarized in Figure 4, the energy expenditure depends on the basal metabolism, thermic
regulation, digestion, growth, mental activity, and physical activity. These last elements are influenced by

biological, psychological, and environmental elements.
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Figure 4. Summary figure of the elements influencing nutritional expenditure

Scheme created by Marie Gombert and drawn by Clémence Gombert

13



I. 2.3. Energy storage

Energy is continuously expended, but energy cannot be continuously absorbed. Therefore, forms of

energy storage are needed for survival.

1 2.3.1. Cells, liver, muscles

A form of energy storage in the cells is by the presence of ion gradients also known as chemiosmosis.
Nevertheless, the essential part of the energy is stored in form of covalent chemical bonds in diverse energetic
molecules which characteristics and location are strategically distributed so that energy can be mobilized and
expended in all situations. Energy is instantaneously available in the cells in form of ATP, which can be
quickly restored by transfer from creatine phosphate during an intense effort. The glycogen, a branched
glucose polymer is another form of energy storage which is mainly present in the liver and the muscles to be
quickly remobilized. Finally, the triglycerides constitute the biggest energy storage. Formed a glycerol
molecule is esterified by three fatty acids, triglycerides are present in the muscles and the liver in small

quantity, and mainly stored in the adipose tissue.

1. 2.3.2.  Adipose tissue

The adipose tissue plays an important role in metabolism through energy storage and endocrine
activity. The normal proportion of body fat mass changes with age and puberty. At 6 years old, the body fat
percentage is already higher in girls compared to boys. In boys, the adiposity increases during childhood until
reaching a maximum before teenage growth spurt onset around 10-11 years of age and then decreases. In

girls, the fat mass increases continuously during the entire childhood and adolescence.?!%?

Body fat is composed of three main types of adipose tissue: the white adipose tissue, the brown

adipose tissue, and the adipose tissue from the bone marrow.

The white adipose tissue is mainly composed of adipocytes which store the triglycerides in a single
big lipid droplet which pushes the nucleus to the periphery of the cell, it appears mainly white in histology,
hence its name. The white adipose tissue is located in part under the skin and in part inside the abdomen. The
subcutaneous white adipose tissue plays a thermic and mechanic protective role and is also a source of
energy. The visceral white adipose tissue allows triglycerides storage directly in the abdominal cavity and
is also more metabolically active. The oestradiol produced mainly by women from puberty until menopause
favours the accumulation of subcutaneous rather than visceral adipose tissue. This explains an important part

of the sex-difference in the repartition of fat accumulation in men versus women in reproductive age, with

14
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men presenting an increased belly volume and women an increased hips volume. Subcutaneous deposit is

less associated with metabolic and cardiovascular disorders than visceral fat.

The second category is the brown adipose tissue. Its adipocytes contain several small lipid droplets
and an important number of mitochondria which matrix contains iron and confers the brown colour. The
mitochondria of the brown adipose tissue contain a high level of the uncoupling protein-1 (UCP-1) which
uncouples the respiratory chain to produce heat. This thermogenic mechanism activated by cold exposure is
particularly important in new-borns who are not able to shiver yet but is less useful in later life. Nevertheless,
it remains present in most individuals in the neck and upper chest, and its activation improves insulin
sensitivity and glucose homeostasis.®*3* The brown adipose tissue is more metabolically active, has a higher
density of mitochondria and blood vessels, generate more heat when activated, and a higher water-to-fat ratio
compared to white adipose tissue. These characteristics allow to distinguish them using techniques as
PET/CT scan, MRI, functional MRI, or thermal imaging.®>* Some researchers investigate pathways to

trigger a “browning” or “beiging” of the white adipose tissue to improve metabolic health.

The third main type of adipose tissue is the one from the bone marrow. At birth, the bone marrow is
mainly composed of red blood cells. With time, marrow adipose tissue accumulates and by 25 years of age,
it composes 50 to 70% of the bone marrow and represents approximately 10% of the adipose tissue in lean
individuals. The close location of fat and bone tissue is not their only common point. Indeed, adipocytes and
osteoblasts are both derived from mesenchymal stem cells, and they are responsive to each other’s signalling.
There is a balance between bone and fat development, and the excess in one is frequently associated with
insufficiency in the other.®” Vitamin D is involved in bone health, but also impacts the adipose tissue function
by regulating adipokines expression and inflammatory response.®® A healthy exposure to day light is

therefore necessary to contribute to bone but also adipose tissue physiology.®

Finally, some cellular factors play a key role in the adipose tissue development and function. The
activation of the peroxisome proliferator-activated receptor y (PPARy) induces the genetic expression of
compounds necessary for the adipogenesis and the storage of triglycerides. The transcription factor
CCAAT/enhancer-binding protein o (C/EBPa) binds directly the leptin gene promotor. Together, C/EBPa
and PPARy play a key role on adipogenesis.”” For instance, they are necessary to the expression of the
enzyme lipoprotein lipase (LPL) which hydrolyses the triglycerides, and the adipocyte protein2 (aP2) which

is a carrier for fatty acids.”!

Although the adipose tissue was long considered only as a storage organ, it is now known that it is
an endocrine organ. It is sensitive to metabolic signals from other organs and produces signalling molecules
named adipokines. The first to be discovered was leptin in 1994, and since then hundreds of potentially
secretory proteins have been identified.”**> Here are some of the key adipokines identified and their roles.

As described, leptin acts through its receptors, present on different regions of the central nervous system and

15



in particular the hypothalamus, in order to decrease energy intake. In addition, it decreases triglycerides
storage by inhibiting its synthesis, stimulating lipolysis and B-oxidation, and regulating gluconeogenesis.
Adiponectin is another adipokine. It potentiates the insulin sensitivity by stimulating B-oxidation and
regulating gluconeogenesis, and prevents atherogenesis through inhibiting the expression of adhesion
molecules in blood vessels.”* In addition to these hormones, some adipokines are immune factors such as the
lectin omentin, the C-reactive protein (CRP), the interleukin-6 (IL-6), the monocyte chemotactic protein-1

(MCP-1) or the plasminogen activator inhibitor-1 (PAI-1).

In summary, the energy intake, expenditure and therefore storage, are impacted by nutrition, physical
activity, sleep, mental and emotional activity, and exposure to temperature and light. Nevertheless, the energy
exchanges in the human organism are far from being the passive consequence of nutritional intake and
physical activity. Numerous external and internal signals are integrated, and dynamic regulations are
activated to maintain a healthy balance. The homeostasis is the phenomenon by which a biological parameter
is actively regulated at a beneficial level for the organism. As presented earlier, internal signals inform the
central nervous system and the other organs on the energy status of the organism, and consequent metabolic
adaptations are triggered. It is hypothesized that these signals are integrated in a form of homeostatic system
regulating body fat mass or body weight.! A crucial aspect of life habits is their repetitiveness. They are
defined “a settled or regular tendency or practice, especially one that is hard to give up” or “an automatic
reaction to a specific situation”, habits correspond to stimulus—response or context-response mechanisms
developed through repetition and learning.”® In habits, the daily rhythms are key. Every day, the digestive
functions are mobilized at similar hours, followed by the storage reactions. The wake/rest cycles orchestrate
the patterns of energy expenditure. And once again, the metabolism is far from passively reacting to the

external signals: the metabolism has a clock.
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I.3.  Circadian rhythms: structure,
synchronization, and metabolic control

A key characteristic of life on Earth surface is the 24h variations of the environment. This cyclic
niche, or life context, induces a temporal repartition of the behaviours and exposures over the course of the
day. Humans being essentially a diurnal animal, the main sleep phase takes place during the night and the
active and feeding behaviours occur during the day. This pattern gets repeated every day. Logically, the
metabolic adaptations triggered by these behaviours and exposures display 24h patterns as well.
Nevertheless, these metabolic reactions are not only passively rthythmic as an exclusive consequence of cyclic
inputs. On the contrary, inner clocks are present in the organism which self-synchronize with external day
time. In turn, they regulate metabolic mechanisms, conferring to the organism the faculty to anticipate the
adaptations to regular variations. The biological rhythms following a period of twenty-four hours are referred
to as “circadian rhythms”, a term coming from the Latin words circa, meaning “approximately”, and diem,
“day”. In every tissue where in which they have been investigated, circadian oscillations have been found.
They are therefore considered ubiquitous.”® In humans, two main mechanisms ensure the structure and
synchronization of the inner circadian rhythms: the clock genes, and melatonin’s production and activity.
These clocks rhythms are synchronized by external factors, the zeitgebers. The entrainment of the rhythms
will be discussed, together with the interindividual differences known as the different chronotypes. Finally,

the circadian regulation of metabolism will be presented.
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L. 3.1. Clock genes

A group of genes named the clock genes form a double regulation loop which period lasts

approximately twenty-four hours illustrated in Figure 5.
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Figure 5. Clock genes circadian loops

Scheme created by Marie Gombert

At the beginning of the subjective day, the genes circadian locomotor output cycles kaput (CLOCK)
and brain and muscle aryl hydrocarbon receptor nuclear translocator-like 1 (BMALI) are expressed and
heterodimerized. The heterodimer binds on the enhancer box (E-box) located in the promoter region of the
following genes to activate their expression: Period genes (PERI, PER2 and PER3), Cryptochrome (CRY1
and CRY?2), and the orphan receptors REV-ERB and ROR genes. There is a competition between the protein
REV-ERB which inhibits BMALI expression, and the protein ROR which inhibits BMALI expression, both
by binding on specific response elements (RORE).”” The inhibition of BMALI expression prevents its
dimerization with CLOCK. In parallel, the proteins PER and CRY accumulate, forming a complex that
inhibits the activating limb and consequently the expression of PER, CRY, and REV-ERBa. The levels of
REV-ERBa drop, which allow the expression of BMALI. New CLOCK-BMALI1 dimers are formed, and
another subjective day begins.”®* This mechanism is also known as the transcription-translation feedback

loops of clock genes.'”
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In addition, several post-translational reactions are involved in the fine tuning of the clock. Indeed,
reactions of phosphorylation, ubiquitylation, SUMOylation, O-GIcNAcylation, and acetylation can modify

the durations and level of expression of the components of the loops.*®

Under the promoters targeted by the components of the clock figure different genes, consistently
called the clock-controlled genes (Figure 5). Among them figure transcription factors, receptors, hormones,
carriers of the metabolism.'”! This mechanism confers a circadian rhythmic structure to the genetic
expression which is maintained even in the absence of external variations. For example, in the adipose tissue,
the leptin gene (LEP) presents circadian rhythms of expression. Clock genes and clock-controlled genes
continue to oscillate even in constant conditions, and their thythm is temperature compensated, meaning that
the rhythm does not accelerates when the temperature increases or slows when temperature falls. Plus, ex
vivo studies of cellular explants can be performed since these rhythms are maintained during several days

out of the organism.

It is to note that other oscillating mechanisms exist independently from the genetic expression. In
humans, they have been encountered in the red blood cells, which metabolism presents circadian rhythms
while these cells do not comport a nucleus. These cycles are redox-based and involve the antioxidant
proteins peroxiredoxins. These mechanisms are suspected to participate to circadian rhythms in other human

cells too, by interacting with the transcription-translation feedback loop of clock genes.!®

Together, these rhythmical and self-sustained mechanisms are therefore considered to form cellular
pacemakers, they constitute the peripheral clocks. Another mechanism exists which is crucial in metabolic

adaptation to daily variations: the central clock.
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I. 3.2. The central clock and melatonin

Every day, the external light from the environment varies. In the morning, it contains a high
proportion of blue wavelengths around 480 nm. These wavelengths stimulate the cells of the retina. In
addition to the cones and rods, a third type of retinal cells is activated by the light signal: the intrinsically
photosensitive retinal ganglion cells, containing the photopigment melanopsin. When activated, the photic
information is transmitted by the retino-hypothalamic fibers to the suprachiasmatic nucleus of the
hypothalamus, which is the location of the central clock. In turn, the neural stimulus is forwarded to the
superior cervical ganglion, triggering norepinephrine release. It activates the adrenergic receptor, which
increases the cAMP levels, resulting in the activation of the associated protein kinase A in the pineal gland.
Inside the pinealocytes, the amino acid tryptophan undergoes three enzymatic reactions, including by the
arylalkyl-amine N-acetyltransferase, to synthesize N-acetyl-5-methoxytryptamine, commonly known as
melatonin. The light signalling pathway inhibits the expression the enzyme arylalkyl-amine N-
acetyltransferase, which confers a rhythm to melatonin expression. When produced, this circadian hormone

is released in the blood and flows all around the organism.
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Figure 6. Melatonin molecule

Melatonin is an indoleamine of amphiphilic nature (Figure 6), and a powerful antioxidant
molecule.'”® The amphiphilic characteristic allows melatonin to flow directly in the blood, to reach the
surface of the target cells, but also to passively diffuse through the cell membrane or enter through
transporters. Produced in the last hours of the day, melatonin signals to the organs to prepare for the resting

phase through different pathways'®:

e On the cell surface, melatonin binds its specific receptors, MT1 and MT2, two G protein-coupled
receptors respectively associated with proteins Gi and Gq.'® They are present at the surface of
numerous cell types, such as of the cardiovascular system on which melatonin plays an
antihypertensive role, or on the endocrine system as in the adipose tissue or pancreas, in which

melatonin participates to regulate the lipid and carbohydrate metabolisms.!*

e Melatonin also acts directly inside the cells on other types of receptors such as the nuclear receptors

of the group ROR/RZR (retinoid orphan receptors/retinoid Z receptors). In the immune system, it is
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through their activation that melatonin contributes to the regulation of the metabolism of

lymphocytes B, and of cytokines expression in mononuclear cells. ¢

e Melatonin interacts with intracellular proteins in the cytosol and organelles like the mitochondria.
These interactions modulate the activity of enzymes, transporters, calcium-binding proteins,
cytoskeletal and scaffold proteins. Plus, melatonin is proposed to regulate the peripheral clocks

formed by the clock genes by regulating the activity of the proteasome.!%’

e Finally, melatonin can directly act biochemically as a scavenger of free radicals to decrease oxidative

stress in the cells.'??

Through these actions, melatonin communicates the external photoperiod to the organs, which
synchronize their thythms of clock genes and clock-controlled genes to be in phase with the cyclic needs and
activities of the organism. For instance, the body temperature and the blood pressure drop at night
consecutively to the melatonin signal.!!%” These changes put the organism in the ideal dispositions for sleep

onset.

At birth and during the first months of life, rhythmic melatonin is not yet produced by the infant, but
is present in the breastmilk.'® It reaches the highest nocturnal levels around 3 years of age, and then
decreases during the entire life. An important part of melatonin drop occurs during childhood and is suggested
to be due to an unchanged production of melatonin in a growing organism, inducing a dilution of the
hormone.'® In addition, crystalline absorption increases with age and pupil diameter decreases with age,
which decreases retinal photoreception, from which depends melatonin expression.!” Sex differences have
been reported in some studies with a higher and earlier melatonin peak in women compared to men, but other

studies did not observe these differences.''*!"!

Melatonin levels variation is frequently used as an indicator for circadian rhythms studies.
Melatonin’s production starts in the evening, peaks at night and is down in the morning. Therefore, it needs
to be measured at several time points and during the dark photoperiod to provide reliable information about
the individual’s thythms.!'? As melatonin flows in the blood and the other body fluids when produced, it can
be easily measured in saliva. This makes possible the assessment of melatonin at several time points in a
non-invasive manner. It can be performed directly by the subject, which makes possible a sample collection
at home, in the usual life conditions.'!® The collection of samples in the life environment provides the most
reliable information as the daily life habits and exposure are preserved, unlike when the experiment is

performed in a sleep laboratory.
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I. 3.3. Circadian rhythms

1. 3.3.1.  Zeitgeber

The signals indicating the external time to the organs and their inner clocks are called zeitgeber, the
German word for time-giver (Figure 7). They include the external light and temperature, feeding, sleeping,

mental and physical activity.

P O

Feeding Physical Mental Sleep Light Temperature
activity activity

Figure 7. Zeitgebers = external time cues to which the organism is sensitive

It is said that the clocks can entrain to those signals, meaning using them as time indicators to actively
enter in synchrony with the external day. The entrainment capacity depends on the relative strength of the
clock and the zeitgeber. The zeitgeber strength corresponds to the difference between its minimum and its
maximum, for example the lightning difference during the day vs night. When the central clock and the
peripheral clocks are in phase, together and with their environment, it is said that they are aligned. These key
terms and concepts definitions of circadian rhythms biology were clarified by Till Ronnenberg and Martha

Merrow in the glossary of their review entitled The Circadian Clock and Human Health.'"*

1 3.3.2.  Chronotypes

There are interindividual differences in the tendency to engage in earlier or later behaviours. It is
said that individuals are of early chronotype or late chronotype, or in a colloquial language, “morning-" or
“evening-persons”’. The chronotype can be assessed with equivalent efficacy through different tests such as
the Munich ChronoType Questionnaire, which is based on times of sleep during work and free days, or via
Horne and Osberg’s morningness eveningness score, which is based on time preferences for several
activities.'"® The individuals chronotypes depend on the duration of their inner day and on their entrainment
capacity to the light/dark cycle.

Melatonin rhythmic expression is also regulated by the clock genes expressed in the suprachiasmatic
nucleus, which ensures its rhythmic expression even in constant conditions. The period of the inner rhythms
of humans is usually longer, and sometimes shorter, than 24h. An individual with a short inner day tends to

eat early, feel awake and full of energy in the earlier part of the day, and feels the need to go to bed early. In
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the contrary, individuals with longer inner days naturally tend to engage in later behaviours. Genetics, age
and sex are linked to chronotype and inner day duration.”®!'® Chronotype evolves with age, as in early
childhood the chronotype is early, and gets delayed during the entire period of growth, reaching its maximum
around 19.5 years old for women and 21 for men. Then, it progressively becomes earlier with age until the
end of the life. Approximately from the beginning of puberty until menopause age, women display in average
earlier chronotypes than men.'"” These elements influence clocks characteristics such as amplitude or
response characteristics, which changes the relative strength of the clock compared to the zeitgebers, and

consequently, the entrainment capacity.''®

On the other hand, the zeitgebers strength changes according to the environment, which modulates
clock entrainment, and finally the chronotype. This is clearly illustrated by studies on children going
camping. After a few days of contact with natural temporal cues, and in particular a strong light zeitgeber,
the range of diversity in chronotype narrows, the inner days of the participants all become closer to the

external day.'"” As illustrated in Figure 8, with a strong contrast exist between day and night light exposure,

the individual’s thythms and behaviours (here, sleep) entrain earlier (A) than when this zeitgeber is weaker

—

(B).
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Figure 8. Early or late entrainment of wake/sleep cycle to light/dark cycle

A) Strong contrast in light zeitgeber and early entrainment of the wake/sleep cycle. B) Weak contrast in light zeitgeber
and later entrainment of the wake/sleep cycle. Adapted from Ronnenberg and Merrow with authorized license from the

publisher (Licence n°5310720528873).111

Light exposure is the zeitgeber that has been the most studied and seems to be the most important
driver of chronotypes’® and in particular of the central clock entrainment. Nevertheless, other zeitgebers
influence clocks entrainment. In our current society, sleep timing results in an important part from the social
organization.’® Therefore, through the moment we put our organism at rest and close our eyes, sleep mediates
a time information from the social clock.'*® An important element in the entrainment of peripheral clocks of
the digestive system, and more particularly the liver, is the timing of the nutritional intake. The liver clock
may primarily entrain to the nutrition rhythm rather than the central clock signalling.'?! The sport and mental
activity, through the release of glucocorticoids, are also able to influence the inner clocks rhythms. Indeed,
physical activity in the two hours before sleep has been shown to delay circadian rhythm of wrist

temperature'?*, nevertheless it is not clear whether late physical activity practice constitute a risk factor for
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circadian misalignment and obesity in childhood. Finally, temperature variations are proposed to modulate

clocks rhythms through regulation of the phosphorylation of the clock genes.'*?

According to the time of the zeitgeber peak, the clocks rhythms will be shifted in different directions.
It is considered that high light exposure, intense physical activity, or heavy meal, when happening in the
earlier part of the day, entrain the inner clock towards an early chronotype. Inversely, engaging in these

behaviours in the later part of the day entrains the clock towards a late chronotype.

1. 3.3.3.  External factors influencing zeitgebers

It is to note that because our activities are scheduled in an important part in consequence to social
organization, chronotypes are influenced by the social clock.

First, in a same time-zone, the social time is the same for everyone, whereas the dawn, dusk, or the
sun’s zenith do not fall at the same time in the eastern and western part of the time-zone. It was observed that
in the countryside and small cities, the chronotype is strongly correlated with the east-west location of a time-
zone, showing the high importance of the light zeitgeber on chronotype. In the other hand, in bigger cities,
this correlation was still significant but weaker, showing a reduced importance of the light zeitgebers in these
life places.”® The strength of the light zeitgeber is decreased in urban areas, as during the days most of the
activities happen indoors, and even once outside, the architecture can limit the direct contact with sunlight.
In parallel, at night, the enlightenment is higher and so is the level of noise and activities opportunities.
Finally, the temperature rhythms are different, as the buildings accumulate heat and release it once the sun is
down. These factors influence sleep, in its timing, duration and quality, to the extent that New York City, in
which these characteristics are pushed to the extreme, is even called “the city that never sleeps”. In addition
to the home location, the life context inside of the home influence the life habits timing. The presence of
electronic devices with screens in the bedroom, or the habit to watch TV/play videogames before bed
influences sleep onset. Indeed, even a light pulse before sleep can delay the rhythm of the suprachiasmatic
nucleus and consequently melatonin expression.'**

In childhood, meal and sleep timings are directly the consequence of the caregiver’s schedule and
own habits. This last depends on the culture and country, influenced by work schedules, school schedules,
paediatrician/public health recommendations, awareness, ... And the timing of physical activity and
mental/emotional signals are also related to the societal organization and social environment with school

schedules, engagement in extracurricular activities, familiar and community support, ...

In summary, human circadian rhythms are structured in peripheral clocks, mainly composed of the
clock genes, and of the central clock, which signals the photoperiodic time to the rest of the organs mainly
through melatonin’s action. These rhythms entrain to zeitgebers from the environment and life activities.
Consequently, they confer rhythms to numerous mechanisms playing important roles in metabolic

homeostasis.
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I. 3.4. Circadian rhythms of the metabolism

In The circadian regulation of food intake, Etienne Challet explained clearly the two aspects through
which metabolic regulation by the circadian clocks is beneficial: “First, [the clocks] provide a temporal
organization from the cellular level to the organism level. Therefore, circadian clocks facilitate the temporal
occurrence of related functions, such as food intake and glycogenesis, and separate conflicting functions and
behaviours, such as eating and sleep. Second, circadian clocks allow organisms and organs to anticipate or
be in phase with foreseeable events from one day to another, such as sunrise and sunset or food

availability.”'?

The daily window of the nutritional ingestion, physical and mental activities correspond to the wake
period, which in humans corresponds essentially to the light photoperiod, in contrary to sleep. In accordance
with this organization, the circadian clocks orchestrate the interconnected mechanisms involved in metabolic
homeostasis. Here are presented the circadian rhythms in the biology of energy intake, expenditure, and

storage.

1. 3.4.1.  Circadian rhythms in energy intake

Everyone has experienced being hungry, then being very very hungry, and a little while later,
noticing that the hunger feeling went away as if “the train had passed”. In addition, it is known that, for a
same nutritional intake, according to the time of the day, the metabolic response is different.!?® These are
clues that from a biological point of view, the organism has a variable capacity to welcome the meal over the

day. Indeed, mechanisms regulating food ingestion as well as digestion are under circadian control.

A rise in glucocorticoids, controlled by the suprachiasmatic nucleus, has been shown to occur in the
pre-prandial periods, in accordance with the meal schedules of the previous days. This endocrine signal is
involved in food anticipatory activities and preparation of the digestive system.!” Similarly, the
gastrointestinal hormone ghrelin is present in high levels in the plasma before meals and more particularly
in the early part of the day. Its levels decrease during the meals, increase again during the fasting periods,
and its daily variations depend on circadian rhythms health. In parallel, Leptin, which peak of secretion
occurs at the beginning of the night, is a mediator of the circadian regulation of rhythmic glucose levels in
the blood. While glucagon and insulin appear not to play a role on the food anticipatory action from one day
to another, they have a regulatory role on the hepatic clock.'? It is to note that not only the secretion of these
hormones is clock-regulated, but also the sensitivity of the tissues to their action. At each moment of the day,
a different cocktail with various concentrations of the mentioned hormones influences the hunger feeling and
the nutrients metabolization. As a result of their actions, the eating behaviour is influenced into driving the

individuals to eat when the organism is prepared.
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Once food 1is ingested, it undergoes successive mechanical, chemical, biochemical, and
microbiological transformations making possible the absorption of nutrients, and the time dimension is
critical in this process. Indeed, the digestive organs ensuring these modifications need to be timely activated
one after the other to complete the process, and to be ready for use at the time of the day at which food is
ingested. Consistently, circadian variations have been observed in the levels of the following digestive
mechanisms: saliva production, mouth microbiota diversity, gastric emptying rate, digestive enzymes
expression, digestive tube peristalsis, intestinal epithelial permeability, mucus and antimicrobial peptides,

127,128

and gut microbiota metabolome. These rhythms result from the joint action of melatonin and the

peripheral clocks.

Once we understand the extent of this time regulation in the ingestion and digestion processes, it
becomes clear that for the energy intake metabolism to function optimally, the central clock, peripheral clocks
and eating behaviour need to be in phase. Consistently, certain moments of the day are better adapted than
others for the body to process food. The dark photoperiod is temporally allocated to sleep, logically the
organism is better adapted for the nutritional intake during the light photoperiod. In addition, in the light
photoperiod, moments are more adapted than others. Scientific observations confirm the ancient adage “Eat
breakfast like a king, lunch like a prince, and dinner like a pauper”. Indeed, the postprandial metabolic
response is found better: for equivalent meal contents, when the meal is consumed earlier than later'*, and

for equivalent meal schedules, when most of the caloric content is consumed in the first meals of the days.'*
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1. 3.4.2.  Circadian rhythms in energy expenditure

Through rhythmic expression of hormones and clock-controlled cellular activity, the functions of
the organs and the type of metabolic reactions vary over the course of the day. Consequently, the metabolic
rate varies as well on a circadian manner, with a nadir of Oz consumption around 6AM and a maximum

around 6PM. 13!

The temperature homeostasis also presents circadian rhythms. Each night, the core body
temperature decreases of approximately 1°C, from ~37°C to ~36.2°C, whereas the peripheral temperature of
the skin presents the opposite pattern. Indeed, around dusk and melatonin onset, the vasodilatation of the
peripheral vessels allows the blood to come closer to the body surface, increasing the skin temperature.
Temperature exchanges with the environment are potentiated, and the core temperature consequently
decreases for the night. In the contrary, around dawn and cortisol onset, the vasoconstriction of the peripheral
vessels keeps the blood away to the body surface, decreasing the skin temperature and limiting the
temperature exchanges with the environment. Consequently, the core temperature increases for the day.'*

This temperature rhythm is maintained even in constant conditions.'¥

Important interindividual differences exist on the capacity to engage efficiently in mental and
physical activities according to the type of the day. Indeed, Horne and Ostberg’s morningness and
eveningness questionnaire is mainly based on the time preference for these activities.'** For a same
individual, circadian rhythms have been observed in physical components such as muscular strength and
flexibility'**, and mental components such as alertness, performance and mood."*® Let’s illustrate this: at
what time are you reading these lines? Is this the moment of the day at which you feel more mentally alert,

attentive and efficient? The answers give you clues on your chronotype.

The efficacy feeling is not only linked to the time of the day, but also to the time already spent awake
on this day (fatigue accumulation), and to the time since the last meal. Indeed, as introduced, the digestive
system circadian rhythms at each step of the mechanic, enzymatic, chemicals and microbiological
processes.'?”1?® This activity being energy consuming, it participates to the daily variations in the energy

expenditure.

1. 3.4.3.  Circadian rhythms in energy storage

Given that energy intake and expenditure are clock controlled, it is no surprise that the subsequently
stimulated metabolic pathways involved in energy storage and mobilization also present circadian rhythms.
The light photoperiod is associated with increased glycogenesis and lipogenesis, while the sleep period is the

time of lipolysis, glycogenolysis and gluconeogenesis. >3
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Focussing specifically the circadian rhythms in the adipose tissue, adipocytes express clock genes'®
and are sensitive to melatonin, as suggested by the presence of its receptor MT2 at their surface.'®
Adipocytes genes coding for key factors in adipogenesis and lipid metabolism are clock-controlled. This was
observed in human adipose tissue for the adipogenesis factor PPARY, glucocorticoid-related genes'*®, and
also lipid metabolism genes as LPL."* It is also the case of various adipokines including leptin, adiponectin,
IL-6 and PAI-1."* The adipocytes insulin sensitivity also presents circadian rhythms, as it was observed that
insulin stimulation does not trigger the same level of phosphorylation of Akt (protein in insulin signalling),
according to the time of the day.'*! Melatonin contributes to this circadian rthythm of adipocytes physiology,

2

as it was shown to modulate adipocytes insulin sensitivity'*! together with leptin'** and adiponectin

143 On rodents, it was shown that when melatonin is not produced (secondary to pinealectomy),

expression
the circadian expression of clock genes and metabolic genes is altered, with a modulation in the amplitude
of the transcript rhythm.'* These changes in rhythmic expression may be mediated by the regulatory role of
melatonin on the proteasome’s activity on the peripheral clocks.' In humans, little is known about the effect
of melatonin on the circadian rthythms of clock genes and clock-controlled genes in the adipose tissue. Further
studies on these mechanisms may nevertheless be strategic, as they may constitute a pathway through which
circadian rhythms disruption may favour obesity development. Indeed, at the scale of the organism,
melatonin mediates the seasonal changes of body weight in rodents. The weight decrease in winter is caused
by an increased thermogenesis of the brown adipose tissue, consecutively to the increased melatonin levels
during this season.!** It is proposed that melatonin may promote thermogenesis and browning in humans as
well.'*® In human, melatonin may also act on metabolic and weight health through acting on the toll-like

receptors activating MyD88 and through regulating the pathways of leptin and insulin.'#”:143
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L. 3.5. Chronodisruption

In 1960, Colin S. Pittendrigh published its generalizations on circadian rhythms, 16 principles
according to which he proposed the chronobiology may be organized. In this work, he stated “circadian
rhythms are inherent in and pervade the living system to an extent that they are fundamental features of its
organization; and to an extent that if deranged they impair it”.'*® In the 2000’s, epidemiological studies started
to support this assumption, showing a higher prevalence of cancer in shift-workers and flight personnel. This
is when Thomas C. Erren and Russel J. Reiter proposed to employ the term chronodisruption to refer to the
“relevant disturbance of the circadian organization of physiology, endocrinology, metabolism and behaviour,
which links light, biological rhythms and the development of cancers with melatonin being a key biological
intermediary”.'*® This state of loss of synchrony between the different internal clocks, together and/or with
the external clock can be caused by incoherent time signals from external factors or life habits. The same
authors named these elements chronodisruptors, and they add that the strongest one appears to be exposure
to light at night. Indeed, it inhibits melatonin expression, which consequently cannot play its synchronizing
role on peripheral oscillators.!* Plus, the metabolic responses to uncoordinated external signals are likely to
be incoherent, which may be physiologically compensated, but in the long term, favour the development of
cancers and other metabolic disorders as obesity.!'*!**!5® Thomas C. Erren and Russel J. Reiter finally
underline the need for relevant indicators of chronodisruption, and for researches on the links between this
circadian rhythms alteration and its adverse health effects. To date, the knowledge is still scarce concerning

the links between circadian rhythms and childhood obesity.

In summary, the circadian rhythms are strongly present among all the mechanisms composing the
energy intake, expenditure, and storage. Consistently, the situation of chronodisruption is also tightly linked

with metabolic unbalance which can lead to disorders, such as obesity.
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[.4.  Link between obesity and chronodisruption

Here, obesity will be described from a metabolic and inflammatory point of view, and its causes will
be presented integrating the current knowledge of the role played by life habits timing and circadian

misalignment in the development of obesity (Figure 9).

Figure 9. Chronodisruption and obesity
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I. 4.1. Life habits timing

If the increasing prevalence of overweight and obesity constitutes a proportionally growing
preoccupation, it is because of their impact on health. In obesity, the adipose tissue which increases is the
white adipose tissue, the main responsible for energy storage. In the contrary, the brown adipose tissue, which
expends energy for thermogenesis is inversely proportional to the BMIL'>' Carrying extra kilograms,
sometimes tens of kilograms, of an endocrine tissue conveys multiple consequences in link with the modified

hormonal and inflammatory signal, the mechanical pressure on the other organs, and the overburden.

Metabolic changes occurring in obesity are reflected by the levels of key metabolic hormones in the
blood. Leptin is found highly overexpressed, and a leptin resistance appears. It is associated with impairments
in the processes regulated by leptin, such as energy intake, metabolic pathways and insulin sensitivity.'>* In
parallel, adiponectin is found decreased in obesity, together with its roles in insulin sensitivity, anti-
inflammatory, and anti-atherogenic actions. Omentin, produced in the visceral adipose tissue and playing an
anti-inflammatory role is also decreased.'*® In the contrary, resistin, associated with insulin resistance, is

increased. Obesity is frequently the context of high levels of insulin and insulin resistance.

These hormones are regulators of various metabolic pathways, therefore as a consequence of their
levels change, the levels of characteristic blood metabolites change as well. Glucose levels tend to be higher
despite the increase of insulin levels. Obesity is also associated with changes in the lipoproteins in charge of
the lipid transport (cholesterol, fatty acids, triglycerides). Very low-density lipoproteins (vLDL) and low-
density lipoproteins (LDL), transport lipids to the organs are present in high concentrations and are
transported with apolipoprotein B. On the other hand, high density lipoproteins (HDL), which transport lipids

to the liver for elimination, are decreased and are transported with the apolipoprotein A1.'%*

In parallel, inflammatory markers including CRP, IL-6, TNF-a, PAI-1 are higher than in lean
individuals.'**!** In a physiological situation, the basal levels of these immune factors are very low, and they
punctually rise to trigger an acute and efficient reaction. In obesity, this basal level is upregulated. This basal
low grade and chronic inflammation is typical of obesity, and figures among the main causes of the
development of comorbidities. The production of reactive oxygen species also increases in obesity, while the
expression of antioxidant enzymes such as catalase or superoxide dismutase decrease. These changes result
in an overall increased oxidative stress, which damages the organs and also promote comorbidities
development.'*®!>” These changes have been found to be already present in childhood obesity.!3*!*° Finally,
the gut microbiota is modified in obesity. Impacted by the hormonal and inflammatory factors, but also by
the behaviours of the host, the gut microbiota evolves in composition but also in its secretory metabolome,

which in turn influences the host’s health.'®®
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It is to note that in obesity, the circadian rhythm of expression of numerous hormones,

inflammation markers, blood pressure and gut microbiota is altered.'®’

The combination in the blood vessels of elevated circulating LDL, inflammation, and oxidative
stress, constitutes the perfect ground for atherosclerosis. Indeed, LDL containing apolipoprotein B get
oxidized and cross the endothelial layer of the arteries. The endothelial cells consequently produce cytokines
such as MCP-1, which mobilize monocytes. Monocytes also cross the endothelium and differentiate into
macrophages. They absorb the LDL and consequently become foam cells which accumulate between the
endothelium and the smooth muscle of the arteria. In parallel, the endothelium mobilizes platelets. These
mechanisms constitute atheromatous plaques which on the long term thicken the arteria vessels and increase

thrombosis risk.!®? Through this process, obesity promotes the development of cardiovascular disorders.

In addition, various key elements of glucose homeostasis are commonly modified in obesity. As a
result of the hormonal changes already mentioned, the muscles, liver and adipose tissue cells develop insulin
resistance. For a same quantity of insulin, the glycemia decrease is less important than in normal conditions.
Initially, the B-cells of the pancreas expend and increase their insulin production. After a time, there is a
failure of B-cells, which may be triggered by hyperinsulinemia and fatty acids induced apoptosis. This stage

characterizes type-II diabetes.'®

Regarding these comorbidities, the disease stage is extremely rarely reached during childhood,
nevertheless in numerous children with obesity they are already developing, as shown by the elevated risk
factors detectable in the blood. And even at short term, childhood obesity has an impact on several health

t164 thl65,l66,l67 168,169

compartments such as puberty onset™, bone heal , respiratory function , physical
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capacities , cognitive performances , and psychological health!”* 75,
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I. 4.2. The role of circadian rhythms

Certain personal characteristics, combined with an obesogenic environment, favour the

development of obesity.

1 4.2.1. Personal characteristics

Several personal characteristics, which include the genome, the epigenome, and the microbiota can
be decisive in obesity development. Of all personal characteristics, the ones directly or indirectly related to

the energy intake, expenditure and storage are susceptible to promote or prevent obesity development.

Genetic disorders such as the Prader-Willi syndrome, in which the individuals present hypotonia
and hyperphagia, can be a monogenic cause of obesity.'”® But the obesity associated to a syndrome constitutes
a small proportion of the people living with obesity. The inherited genetic predispositions to obesity mainly
consist in polymorphisms of genes involved in the energetic homeostat. These different versions of key
metabolic genes influence the efficiency of the related mechanisms, explaining why to a same signal, there
are variations in individual responses. Among the polymorphisms which have been identified to favour
obesity development figure the MC4R gene involved in hunger regulation, but also the genes of leptin, leptin
receptor, adiponectin, ghrelin, adiponectin, and IL-6.!77!"® Interestingly, clock genes polymorphisms have

also been linked to obesity.!”

In addition to the genetic background of an individual, the epigenetic modifications of said key
metabolic genes contribute to promote or prevent obesity. These modifications in the methylation of the DNA
and acetylation of the histones condition the availability of the genes, and therefore their expression.
Epigenetics is one of the paths through which early life conditions leave a mark which will influence health
in later life. Even before birth, the mother’s nutrition and metabolic health induce epigenetic modifications
on the child’s metabolic genes.'® In addition, the composition of the early nutrition, meaning breastmilk or
formula milk, influence the epigenome as well.'"®! These modifications were found significantly associated
with obesity in later life.'® Numerous genes of the signalling pathways are concerned, and so are clock genes

such as PER2, BMALI or CLOCK.'#

Another individual health compartment which is influenced by the personal history and in particular
early life, is the microbiota. At birth, we are colonized by our mother’s microbiota. When the delivery is
natural, the infant mainly receives the mother’s vaginal microbiota, whereas in the case of a c-section, the
infant receives the microbiota from the skin and the room. The early nutrition and the early life context in
general, shape the microbiota development until it reaches a relatively stable state at around 3 years of age.
This early life context therefore determines the microbiota composition in terms of diversity, proportion of

certain strains, but also the overall metabolome or secretome of the microbiota, as well as its resilience.'®*
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185 This last characteristic is the capacity of the microbiota to recover a healthy stable state after
experimenting a dysbiosis or loss of diversity due to a stress (period of unhealthy eating, use of antibiotics,
mental stress impacting digestive health, chronodisruption...). This is one of the processes through which

chronodisruption may lead to obesity development.'¢*-186

Collectively, these elements constitute the characteristic which influence the tendency of an
individual to gain or lose weight in a given context. Therefore, they explain the interindividual differences
in body weight and composition that can be observed between persons living with comparable accesses to
food and physical activity structures (Figure 10). Nevertheless, the substantial increase in obesity prevalence

in the last decades cannot reasonably be attributed to genetic factors.
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Figure 10. Interindividual differences in the tendency to gain weight
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Introduction

1.4.2.2.  Obesogenic habits

a)  Life habits: key importance of timing

The balance between energy intake and expenditure is influenced not only by the quantity and quality

of life habits, but also by its timing.

In the last decades, the understanding of the importance of sleep health in obesity development has
risen. First, epidemiological studies, including in paediatric age, show that short sleep duration constitute a
risk factor for increased central adiposity and obesity.'*”!® In addition, late bedtime, even independently
from wake-up time, has been encountered to be associated with increased obesity and overweight.!® It
appears that the insufficient sleep duration and in particular the extra awake time in the evening is associated
with increased hunger and appetite feelings, lower quality of the nutritional intake with lower fruits and
vegetables consumption reported, and higher reported food intake rich in energy and poor in nutrients, 816!
In parallel, sleep deprivation, through fatigue accumulation, perturbates the capacity and motivation to
perform physical activity, increases the probability to be injured during an effort, and increases sedentary
behaviours such as screen use.'® This global effect of short sleep duration combining increased food intake
and more sedentary habits has been observed on adolescents as well.'*> Nevertheless, further studies are
needed on the childhood population to measure the effect of insufficient and late sleep on the hormones

involved in the energy metabolism, and understand more accurately the pathways involved in these

modifications of the energy balance.

Sleep timing also impacts the energy metabolism indirectly, through its influence on the timing of
other activities, such as meal timings.'*° For an equivalent nutritional intake, late meal timings are associated
with increased indicators of metabolic risk. Similarly, for equivalent mealtimes and total quantity ingested,
eating a higher proportion of the nutritional intake during the latest meals of the day triggers poorer metabolic,
immune and microbiota indicators. Irregular mealtimes, and a high time amplitude in nutritional intakes can
trigger negative metabolic outcomes.'?"1*1"1%* Few studies have investigated the relationship between meal
timing and metabolic response during childhood, and the association studies available show mitigated results.
Indeed, in a study from the United Kingdom, no association was found between late dinner and obesity in
children, whereas another study from the USA found association only in certain groups of age.'>!¢

Therefore, further studies are required to strengthen the understanding on the link between meal timing and

metabolism in the paediatric population.

Globally, the individuals with a tendency to engage in late behaviours, or late chronotypes, present
more frequently metabolic diseases such as obesity, cardiovascular disorders, or type-II diabetes.'®” Although
studies on chronotypes and metabolism have mainly been conducted in adults, there is emerging evidence of
the relationship between late chronotype and high BMI and metabolic alterations in childhood as well."’

During adolescence, the late chronotype combined with the early school start is an important vector of social
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jetlag, meaning a high difference of behaviour timing between school vs free days. In parallel, activities
scheduled during the latter part of the day are more often associated with unhealthy behaviours such as
alcohol and other drugs consumption, junk food intake or important screen exposure. Together, these
elements may explain why individuals presenting later chronotypes tend to have a poorer sleep quality and
health.!”® Social jetlag is itself a predictor for high BMI in adulthood.'®® This difference between inner and
social clocks times is measured as a >1h delay in sleep behaviours between work/school days and free days,
and is encountered in more than 70% of the population.'®” Nevertheless, the pathways through which social

jetlag influences body weight and health remain to characterize.

b)  The role of circadian rhythms

The late behaviours, as well as the use of screen devices or intense/stressful activity at night*?’, can
induce misalignments between the central clock, the peripheral clocks, and the social clock. This
phenomenon appears to play an important part in the metabolic impairments associated to life habits timings.
Circadian misalignment’s impact on energy metabolism has been primarily observed on nightshift workers.
From an epidemiological point of view, these individuals are more at risk of developing obesity, diabetes,
cardiovascular diseases, and cancers.’’’ A recent meta-analysis on shift work effect on obesity and
overweight show that these workers tend to gain weight, and more particularly visceral fat.?*> Additionally,
studies measuring the metabolic characteristics of individuals in nightshift work conditions have shown that
compared to the control, they displayed a significant increase in the tendency to choose high-fat meals,
although no significant increase in the total caloric intake was measured.’”® In addition, another study
observed that the participants presented a decrease in the total energy expenditure, as well as a decreased
diet-induced thermogenesis consecutively to nightshift.?’* They observed that the sleep rhythms was
misaligned with the melatonin rhythm, and that the nutritional intakes occurred during the biological night.
Interestingly, another study in a sleep laboratory suggests that the level of diet-induced thermogenesis
depends primarily on the alignment between nutrition intake and circadian rhythms, rather than with sleep
rhythm.?% This is supported by studies on rodents with feeding restricted to biological night, which induces
an increased body weight and decreased glucose tolerance even in absence of changes in the caloric intake
and activity performed.?*® In addition, among rodents fed with high-fat diet, the ones kept in conditions
inducing misalignment (constant light exposure) presented heavier weight and altered glucose metabolism.>’
In humans, night eating syndrome, characterised by an important part of the daily nutritional intake consumed
during the night, is associated with obesity and binge eating tendency.””® In individuals whose nutritional
ingestion was usually spread over >14 consecutive hours over a day, restricting feeding to only 10-11 hours
resulted in weight loss.?” Further studies are necessary to precisely characterise the metabolic mechanisms
modulated according to the extent of the daily eating time frame, and to its synchronization with internal

rhythms.

Finally, the habits promoting obesity through circadian rhythms disruption are also influenced by

the environment. During childhood, life habits times greatly depend on schooltime and familiar habits.
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Introduction

School time influences wake up time but not bedtime, and early school time promote sleep deficit.?!%2!!
School start times have even been directly associated to melatonin levels.?'? The other parameters which
influence sleep duration are the transport duration to go to school, which if long induces an earlier wake time,
while bedtime is influenced by the time of extracurricular activities, by dinner time, by the presence of stress
or excitement sources before sleep, and by the presence of screens in the bedroom.?!® These different
elements are influenced by social determinants including household education and income, parental context
(two parents, single mother, ...), minority ethnic background, family conflict, neighbourhood safety.?!>*!*
As an example, according to the French national institute of sleep and alertness, when parents are educated

215 Nevertheless, scarce

around sleep questions, the children sleep in average 22 more minutes per night.
information is available regarding the influence of these parameters on the alignment of the circadian rhythms

of the children.

In summary, the existence of multidirectional relationships between life habits, circadian rhythms,

and metabolism are progressively being identified.
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Justification

II. Justification
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Chronodisruption, generally measured through an altered melatonin expression, is associated with
metabolic health disorders, including obesity.'®!>** The late life habits, high screen exposure, poor sleep and
frequent social jetlag may play an important role in the current childhood obesity pandemic through an

alterations of the circadian rhythms, yet, little is known about these relationships in the paediatric population.

It was observed that disrupted melatonin expression, as encountered in pituitary lesioned
craniopharyngioma patients, constitutes a risk factor for obesity including in childhood. The concerned
individuals present increased daytime sleepiness and low physical activity levels.?!® In children with a
functional pineal gland, melatonin expression is delayed by exposure to screen devices at night.!%%124217 It is
to note that childhood is the moment when the melatonin expression is the most sensitive to the inhibition by
light exposure.?'® In addition, videogames can constitute a source of excitement and stress which favour
cortisol expression and may consequently delay melatonin expression through this path, and delay
bedtimes.?!**** Studies in adults suggest that the timing of nutritional intakes (time of the day, extent of the

daily time range of food intake, relative caloric content in early vs late meals) and physical activity may

influence the internal circadian rhythms, but no information is available on that regards in childhood.

Few studies have investigated the link between obesity and melatonin expression in childhood. In a
sleep laboratory study in which melatonin was measured in 22 adolescents with obesity, no correlation was
found between melatonin onset and BMI.??! In another work on 149 adolescents with obesity, melatonin was
measured in the first morning urine, and was found to be significantly lower in individuals with insulin
resistance. In these individuals were also found later chronotypes and more social jetlag.”** An investigation
of the evolution of melatonin expression over evening, in at-home conditions, on a wider age panel, would
therefore constitute a strategic step to deepen the understanding on the link between childhood obesity and

circadian thythms.

Indeed, circadian rthythms appear to play an important role in the physiology of the adipose tissue as
key hormones, enzymes and transcription factors are clock-regulated. Melatonin is considered as the
synchronizer of these peripheral rthythms. However, its precise impact on the circadian rhythm of the
adipocyte’s transcript has not been described yet. Further studies are therefore needed to understand the

influence of melatonin on the acrophase, amplitude, and mesor of the genetic expression in the adipocytes.

This link between melatonin and metabolic health may participate to mediate adverse effects of sleep
timing, duration, quality, as well as social jetlag, which have been found associated with childhood
obesity.!?®!% Melatonin could also constitute a biomarker of obesity. Finally, external factors such as
sociocultural and economic characteristics are known influence life habits. However, an innovative approach
would be to consider their relationship with the timing of life habits, together with the circadian rhythms and

the metabolic health of children. New tools of multivariate analysis are making this approach accessible.
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Justification

In summary, investigating the multidirectional relationships between life habits and environment,
circadian rhythms, and metabolic health, constitutes a key step to improve the understanding of childhood

obesity and its development (Figure 11).
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Figure 11. Model of childhood obesity development
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Hypothesis and objectives

III. Hypothesis and objectives
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III. I. Hypothesis

The relationship observed in adulthood between chronodisruption, and obesity also exists in
childhood. In children with obesity, melatonin variations are altered. This modified melatonin expression is
associated with metabolic and inflammatory markers characteristic of obesity. In the adipose tissue,
melatonin modulates the rhythm of expression of clock and metabolic genes.

There is a relationship between melatonin expression and the children's lifestyle habits, with respect
to mealtimes, physical activity, sleep duration and hours, but also, screen use, and the familiar
sociodemographic environment. Subgroups of children exist that present different melatonin levels of
expression, in association with life habits and metabolic health markers. The timing of life habits participates
to predict obesity and overweight. Melatonin expression level is a biomarker of obesity in childhood.

Interrelationships exist between life habits, circadian rhythms, and metabolic health in childhood obesity.
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Hypothesis and objectives

III. 2. Objectives

The main objective of the present project is to assess the relationships between life habits,

circadian rhythms, and metabolic health during childhood.

In the aim of reaching this main objective, secondary objectives are set as follows:

e Quantify the difference in evening melatonin expression between children with obesity and normal
weight by testing a new approach of circadian rhythms measurement using an at-home saliva
collection method for melatonin detection at three times over evening.

e  Measure the effect of melatonin on the circadian expression of clock and metabolic genes in human
adipocytes.

o Assess the relationship between melatonin expression and clinical, metabolic, inflammatory,
circadian, and environmental factors related with obesity in children.

e Assess the relationship between chronotype and clinical, metabolic, inflammatory, circadian, and
environmental factors related with obesity and overweight in children.

e Measure the relationship between dinnertime during school week and clinical, metabolic,
inflammatory, circadian, and environmental factors related with obesity and overweight in children.

Measure the relationship between sleep duration and clinical, metabolic, inflammatory,
circadian, and environmental factors related with obesity and overweight in children.

e  Measure the relationship between nocturnal screen exposure and clinical, metabolic, inflammatory,
circadian, and environmental factors related with obesity and overweight in children.

e Identify subgroups of children sharing similar metabolic, circadian, life habits and environmental
characteristics.

e Build a prediction model of obesity based on life habits and environment.

¢ Build a biomarker model of obesity which includes a circadian rhythms variable.
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IV. Materials and methods



IV. 1. Study description

IV.1.1. Study design

The present research is a transversal and analytical study on children who attended the Paediatric
Outpatient Office of the Hospital Universitario del Doctor Peset de Valencia, Spain, approved by the ethics

committee of this hospital (Annex 1).

IV.1.2. Study population

The children were divided in two groups based on their body mass index (BMI), calculated as the
weight in kilograms divided by the squared height in meter (kg/m?), and using the criterions of Cole et al.,
2000.%> The children presenting a BMI higher or equal to 1 standard deviation (SD) above the mean for age
and sex are considered to present overweight, and higher than 2 SD to present obesity, according to the World
Health Organization (WHO).? The Carrascosa table of Spanish paediatric population developed from 1995
to 2017 provides a reference for BMI distribution from birth until majority.”** On Carrascosa table, 1 SD
above the mean for age and sex correspond to the 84.1% percentile of BMI, and 2SD to the 97.7" percentile.
The participants presenting a BMI inferior to one standard deviation were assigned to the control group, and
above this cut-off to the overweight and obesity group. The nutritional application of the Sociedad Espafiola
de Gastroenterologia, Hepatologia y Nutricion Pediatrica’®® was used to calculate the percentile and
equivalent SD for each participant. All participants were informed in detail about the study and ethical
measures and signed the informed consent (Annex Q1) by themselves if they are at least 12 years old, or, in

the opposite case, their legal tutor.

IV.1.3. Sample size estimation

The sample size was calculated according to the following formulan = (2 (Za + Zp)* x S?) / d>. The
association level for Zo and Z is 99% a, B =0.01. As our aim is to characterize the circadian rhythms in the
children, we used melatonin as marker. Therefore, as S we used 11.4, corresponding to the standard deviation

of melatonin levels in children??°

. The desired d is 7, corresponding to the minimum difference of expression
of melatonin levels after one hour of sleep between the two previously defined groups: normal weight and
obesity. With these data a total of 64 patients needed per group is obtained. Estimating a loss of 15%, we

need 74 patients per group, thus a minimum of 148 participants in total are needed.
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Materials and methods

IV.1.4. Inclusion criteria

Patients between 7 and 16 years old attending the paediatric consultation and who completed the
informed consent were included in the study, to the exception of children presenting a particularity that may
affect their metabolic and inflammatory profile such as medical treatment, inflammatory or metabolic

pathology (other than obesity and comorbidities), or elite athletes.

IV.1.5. Exclusion criteria

A crucial element of the present work are the saliva samples collected at home by the participants
and used for melatonin determination. The participants who lacked providing the saliva samples were

excluded from the present analysis.

IV.1.6. Final sample size

Initially 263 children were recruited, from which 51 were excluded because they did not provide the
saliva samples at all or the samples did not meet the standard criteria (minimum volume, conservation in
complete tightness of the tube and in darkness). The 212 participants were subdivided between an obesity
group composed of 123 of them, and a control group counting 89 children. The obesity group presenting a
higher average age, 6 participants of 14 years old and 3 participants of 15 years old were excluded from the
obesity group to restore an age balance. The study finally counted 127 participants in the obesity group (61
of female and 66 of male sex) of a mean age + standard deviation (SD) of 11.47 & 2.35 years, 76 in the control
group (39 of female and 37 of male sex) of 10.8 + 2.38 years (Figure 12). Of the 127 children of the
overweight and obesity group, 114 present a BMI higher than two standard deviations for age and sex and
can, the criteria for obesity, and 13 present a BMI between 1 and two standard deviations, criteria for
overweight. The recruitment started before the covid-19 pandemic, 86.8% of the participants of the
overweight and obesity group and 80.3% in the control participants were recruited before, which was not

significantly different (p = 0.318).
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participants and overweight
n=76 n=127

Figure 12. Study population and participants exclusion
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Materials and methods

IV. 2. Study variables

The variables of the study are grouped in the following categories:

e Anthropometry and clinical data: height (cm), weight (kg), BMI (kg/m?), z-score BMI circumference
of hips, waist, and right arm (cm), percentage of fat mass (%), lean mass (kg), systolic and diastolic
blood pressure (mmHg), heart rate (BPM). In addition, the percentile for age and sex was obtained for
all these parameters.

e Habits, environment and chronotype: Sleep times, paediatric sleep disturbance tests of Bruni,
Paediatric Sleep Questionnaire, physical activity frequency, presence of screens in the bedroom,
sociodemographic familiar context, chronotype, 3-days nutritional intake analysed on the DIAL
software, time of meals

e  Metabolic and immune markers: Glucose, Urea, Creatinine, Uric acid, Total cholesterol, High Density
Lipoprotein cholesterol, Low Density Lipoprotein cholesterol, Very Low Density Lipoprotein
cholesterol, Triglycerides, Aspartate aminotransferase, Alanine aminotransferase, y-Glutamyl
transpeptidase, Serum total proteins, Albumin, Calcium, Phosphorus, Iron, Transferrin, Transferrin
saturation, Calcium corrected for albumin, Creatinine, Microalbuminuria (Urine), Microalbumin
creatinine ratio (Urine), Retinol Binding Protein (RBP), Apolipoprotein Al, Apolipoprotein B, high-
sensitivity C-Reactive Protein, Cystatin C, C3 ,Thyroid-Stimulating Hormone, insulin, Leptin, Ghrelin,
MCP1, TNF-alpha, IL-6, PAI-1, Adiponectin, Resistin, Omentin

e  Melatonin concentration and total antioxidant capacity in saliva

e Circadian rhythms of clock genes and clock-controlled genes BMALI1, CRY, PER2, MT2, PPARY,
C/EBPa, LPL, aP2, LEP, GBP-28 and PAI-1 transcriptional expression relative to B-actin, with and

without melatonin stimulation.
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IV. 3. Global development of the study

The patients and tutors received the information on the study either by the investigator or the
dietician of the team, together with the paediatrician. Data such as age, sex and anthropometric measures
were collected, and the patient and its tutor answered the questionnaires. At home, the children had to
complete, together with their referent adult, a 3-days nutritional intake record, listing when, what and how
much food and drinks they consumed during 2 school days and 1 weekend day. Plus, the evening prior blood
extraction, the participant helped by the adult, collected three samples of saliva at different time points: four
hours before bedtime, two hours before bedtime, and after one hour of sleep. The participants and families
collect the saliva at these times in the tubes provided for this purpose, properly close the tubes, store them in
the fridge protected from the light, and to bring them to the hospital the following day, blood extraction day.
This day was scheduled during the school week on Tuesdays or Wednesdays to avoid circadian rhythms
changes associated to holidays and weekends. The patients came to the hospital on an empty stomach for the
blood extraction, bringing the nutritional record and the saliva samples. The nurse in charge of the blood
extraction collected the tubes necessary for the basal biochemical analysis, plus two additional tubes, one
containing EDTA for the plasma (5Sml EDTA BD vacutainer Mississauga ON Canada) and one with gelose
for the serum (5ml serum BD vacutainer Mississauga ON Canada). The basal biochemical analysis was
performed in the central laboratory of the hospital under the standardized conditions, whereas the two extra
tubes of blood and the three samples of saliva were brought to the laboratory of Paediatrics, Obstetrics and
Gynaecology of the University of Valencia by the investigator for further hormonal, immune and antioxidant
analysis. The data from the questionnaires, anthropometrics measures, biochemical analysis from blood and
saliva were anonymized and identified by a general lab code. Data under that code were used for subsequent

statistical analysis.
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Materials and methods

IV.3.1. Anthropometry and clinical assessment

The same conditions and the same material were employed with all the
participants. To record the height, the stadiometer Holtain (Holtain Ltd., Dyfed, UK) with
il a precision of 0,1cm was used. The measurement was realized without shoes, joined feet,

o~ glutei, back and head in contact with the wall, and a straight head with the ear and eye

U form a horizontal line (Figure 13). ﬁ

The participant wearing only underwear took place on o
the bioelectric impedance and electronic balance BC-418 MA N\ V.
Tanita Segmental Body Composition analyser (Tanita Europe

BV, Hoofddorp, The Netherlands, Figure 14). It functions as

an electronic balance and measures the body weight. With the
Figure 13. ) . . . .
Measurement of ~ 1nput of the age and height, this device displays the BMI, and

height via its impedancemeter function, it recorded the percentage of
fat and lean mass of the body. The percentiles were calculated via the application
of the Spanish Society of Gastroenterology, Hepatology and Paediatric Nutrition

(SEPHNP)?**, based on Carrascosa tables as a reference.”?’ Figure 14. Bioeletric
impedance

Waist, hips, and right arm circumference is also measured manually using a non-extensible,
flexible, and calibrated steel tape in centimetres with millimetre graduation and following the standardized
protocols of the International Society for the Advancement of Kinanthropometry (ISAK). The waist/hips
index and the waist/height index were calculated.

Systolic blood pressure, diastolic blood pressure and heart rate were assessed in sitting position
with an automated sphygmomanometer (Dinamap DPC101X - SP; GE medical Systems Information
Technologies, Inc., Milwaukee, WI, USA). The qualitative assessment of blood pressure was obtained using

the body composition laboratory online application of the Baylor College of Medicine.??®
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IV.3.2. Habits, environment and chronotype

The categories of parameters which assessed are the following: chronotype, nutritional intake,
physical activity, sleep, exposure to technological devices in the bedroom, and familiar socio-demographic

context.

V. 3.2.1. Chronotype

The investigator asks to the participant the questions designed by Horne and Ostberg to assess the
chronotype (Annex Q7)."** The questionnaire is designed so that each answer gives a score. The higher the
total, the earlier the chronotype and inversely. A chronotype is this way assigned to each participant: extreme
evening chronotype for scores below 30, moderate evening chronotype between 31 and 41, intermediate
between 42 and 58, moderate morning chronotype between 59 and 69, and extreme morning chronotype

above 70.

1V. 3.2.2.  Nutritional intake

The investigator finally provided instructions and a template (Annex QS) for the participants to
record at home its nutritional intake for three days, with the support of the adult. Every time they were
drinking or eating, they had report it as accurately as possible in regards of type of food, cooking, quantity,
time. Of the three days of the recording, two were weekdays and one weekend day. The document was
brought back to the investigator on the day of the blood extraction, who would input all the nutritional items
for analysis in the software DIAL (Alce Ingenieria SA, Madrid, Espafia).?*” From this analysis, the following
data are obtained: energy consumed (kcal), energy distribution in the main macronutrients (%):
carbohydrates, proteins and lipids to know the most relevant characteristics of the patients diet. The values
of these parameters for each meal are also collected, and ratios are calculated to assess for each individual
which meal conveys a higher nutritional intake compared to the others. The time of each meal was measure
during the week and the weekend, and the time amplitude of nutritional intake was calculated as the time
difference between the first meal (generally breakfast), and the last meal (generally dinner). From the
nutritional 3-days diary was also recorded the mentions of “homemade” and “processed” foods, the snacking
habits, the number of mentions of sodas and sweets in the diary. The quality of the report was quantified on
a scale from 1 to 5 (5 being the best quality) as follows: 5/5 when each meal was reported in detail with the
times, foods types, cooking type, brands, and quantities. 4/5 when all meals are reported but with a lower
level of details for example brands or type of cooking is missing. 3/5 when all the meals are reported but in
little details and elements such as quantities are incomplete. 2/5 little information is reported for each meal

content, or quantities are missing. 1/5. Very incomplete report, barely any information and lacking meals.
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Materials and methods

1V. 3.2.3.  Physical activity

The researcher reports on the adapted questionnaire (Annex Q2) the information on physical
activity transmitted by the patient. They were asked whether they practice a physical activity out of school
and if so which one, at what time and at which frequency. The physical activities were classified in three
categories according to the level of cardiovascular demand.***%* The mechanical action of a muscle can be
measured on two scales: dynamic (isotonic) and static (isometric). Static component is measured in regards
with the percent of maximal voluntary contraction (MVC), and dynamic component in percentage of the
maximal oxygen uptake (Max O.). Each of these components stimulates cardiovascular adaptation to a level

that is scaled from “low” to “high” as presented in Table 1.

Table 1. Physical activity cardiovascular demand*

Triathlon,
canoeing, cycling,
speed-skating

High
(>50% MVC)

Equestrian

Increasing static component >
Moderate
(20-50% MVC)

Low
(<20% MVC)

Fencing, volleyball

Low Moderate High
(<40% Max Oy) (4-700% Max Oz) (>70% Max Oy)

Increasing dynamic component >

*The level of cardiac demand is symbolized by the colours of the table cells: orange for the highest cardiovascular
demand (cardiac output and blood pressure), followed by low moderate in yellow, moderate in sky-blue, low
moderate in sapphire and low in marine blue. Maximal voluntary contraction (MVC), maximal oxygen uptake
(Max O2). Adapted from the classification of sports®® with agreement licence n°5310101250242 from the
publisher.
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V. 3.2.4. Sleep

The researcher asked the patient at what time he or she uses to go to sleep and wake-up, during the
school week and during the weekend, and reports it on the document shown in annex Q2. From these data,
the sleep duration and difference in sleep duration during week and weekend are calculated. In the
meantime, the present parent was asked to complete several questionnaires on the child sleep quality. The
Bruni questionnaire validated in Spanish (Annex Q3) was used to detect sleep disturbances.?*! In this test,
a figure is associated to each answer, and the sum of these numbers are calculated, and a total outranking 39
suggests a sleep disturbance. Paediatric sleep questionnaire validated in Spanish is a paediatric questionnaire
employed to assess sleep quality.>*> The short version oriented towards sleep apnoea diagnostic has been
used (Annex Q4). To each item, the parent answered “yes”, “no”, or “unknown” and the number of positive
answers was quantified afterwards. Above 33% of positive results sleep is considered of poor quality.

Sleep duration was considered adequate when complying the recommendations of the Spanish

sleep society: for children from 6 to 13 years old, 9 to 11 hours of sleep recommended per night, and 8 to 10

hours from teenagers after 14 years old.”*

1V. 3.2.5. Exposure to technological devices in the bedroom

The investigator enumerates the following list of devices with screens: mobile phone, television,
console (Wii, Xbox, PS4...), portable console (DS, PSP, switch...), computer, tablet; and the participants are
asked which are present in their bedroom at night. The questionnaire (Annex Q2) is used to assess the

presence and sum of electronic devices in the bedroom.

V. 3.2.6. Familiar socio-demographic context

The questionnaire Annex Q6 is completed by the parent of the participant, the following information
is collected:

e Education level of the mother (1 = no studies; 2 = primary education; 3 = secondary education; 4
= high school; 5 = professional formation; 6 = university studies; 7 = master’s degree; 8 = PhD)

e Education level of the father (1 = no studies; 2 = primary education; 3 = secondary education; 4 =
high school; 5 = professional formation; 6 = university studies; 7 = master’s degree; 8 = PhD)

e  Working situation of the mother (1 = unemployed; 2 = temporal contracts; 3 = stable contract)

e  Working situation of the father (1 = unemployed; 2 = temporal contracts; 3 = stable contract)

e Familial context in regards of the parental situation (living together, separated, and single,

separated and with someone else, other)
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Materials and methods

IV.3.3. Routine biochemical parameters

The basal biochemical assessment is performed on patient’s blood. The blood sample was collected from the
patient after twelve hours fasting, processed immediately after collection (centrifuged at 3000 g at 4°C for 5
minutes), and the determinations were performed under standardized conditions. Glucose, total cholesterol,
HDL, triglycerides, uric acid, urea, creatinine, apolipoprotein A1 and B were measured using automated
direct methods (Aeroset System® Abbott Chemical Clinic, Wiesbaden, Germany). LDL and VLDL
cholesterol levels were calculated using the Friedewald formula and the triglyceride/5 ratio, respectively.
Insulin and homocysteine were determined using automated electrochemiluminescence immunoassay
(c8000® Architect, Abbott Clinic-Chemistry). Cystatin C levels were analysed by immunonephelometry
with Behring 2 (Dade Behring, Marbung, Germany) nephelometer. The high sensitivity C-reactive protein
(hs-CRP) was analysed by immunonephelometry with a Behring2 nephelometer (Dade Behring, Marbung,
Germany). I'-GT was measured by enzymatic colorimetry at 37°°C on a Roche / Hitachi automated analyser
(Mannheim, Germany). Vitamin D (25-hydroxyvitamin D form) were quantified by
electrochemiluminescent immunoassay on the Roche COBAS 6000 autoanalyzer (Roche Diagnostics GmbH,
Mannheim, Germany). To determine TSH, a direct immunoradiometric assay was used (Beckman Coulter
UniceDxI 800, Beckman Coulter, L Hospitalet de Llobregat, Barcelona). The HOMA index was calculated
according to the following formula: HOMA = fasting insulin (uUi / ml) x fasting glucose (mg / dL) / 405.
The atherogenic index was calculated using the following formula: triglycerides (mg/dL) / HDL (mg/ dL).
Haematological parameters were obtained in venous blood obtained in tubes with EDTA anticoagulant,

using the Coulter LH750 Analyzer autoanalyzer from Beckman Coulter.
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Figure 15. Laboratory of Paediatrics, Obstetrics and Gynaecology facilities at the Universitat de Valencia
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Materials and methods

IV.3.4. Experimental parameters

The participant gave the saliva samples to the investigator on the day of the blood extraction during
which two blood samples were collected in vacutainer for the basal biochemical assessments: one with gelose
and one with EDTA. Those tubes, together with the samples of saliva are transported under refrigerated and
darkness conditions to the laboratory of Paediatrics, Obstetrics and Gynaecology of the Facultat de Medicina
of the University of Valencia (Figure 15). Immediately after arrival, the samples of saliva are transferred to
cryotubes and stored at -80°C. The blood samples are centrifuged at 1500rpm during 10 minutes at 4°C,
separating plasma, serum, and cells. The samples were aliquoted and stored at -80°C until the tests were

performed (Figure 16).

Figure 16. Samples from the hospital are centrifuged, aliquoted and frozen until the experiments.
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V. 3.4.1. Metabolic and inflammation markers

Several interesting parameters in obesity investigation are not included in the routine biochemical
blood analysis, so we have assessed them separately in the samples we collected. The adipokines Leptin,
Resistin, Adiponectin, Ghrelin, and the immune markers MCP-1, PAI-1, IL-6, TNFa and INF-y were
determined via multiplex immunoassay (Labscan 100 Luminex©, Merck Millipore Merck KGaA,
Darmstadt, Germany) with Luminex technology using the specific software 3.1 (Luminex Corporation.

Austin, TX, USA.) (Figure 17).

VIO
=}

MILLIPLEX map Kit

Figure 17. Material necessary for experimental metabolic and immune markers.

Omentin was quantified with enzyme-linked
immunosorbent assay (ELISA) (Human Omentin-1
ELISA, Merck-Millipore, Darmstadt, Germany) (Figure
18) with the VICTORTM X3 2030 multilabel plate reader
(Perkin Elmer, Waltham, MA, USA).

Figure 18. Material necessary for omentin
quantification.
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Materials and methods
1V. 3.4.2.  Melatonin and antioxidant capacity

The participants were provided 30ml plastic tubes usually used

for urine collection, in which the children were instructed to let their

)

Figure 19. Saliva collection

saliva fall until collecting around 300ul (Figure 19). They were asked
to avoid screen exposure and physical activity in the 15-30 minutes
before saliva collections. Three saliva samples were collected from each

patient the evening before the blood extraction: 4h before sleep time, 2h

before sleep time, and after 1h of sleep (Figure 20).

Figure 20. Saliva collection 4h before sleep, 2h before sleep and after 1h of sleep

—_— 1

Before analysis, saliva was centrifuged at S000RPM during 2 minutes at 4°C. It was verified that all
the samples were conditioned in darkness, the tubes in complete tightness and that the minimum volume
necessary for subsequent analysis was present. In each sample, the melatonin level is quantified via

immunoassay using a salivary kit from Salimetrics (Salimetrics, LLC Carlsbad, CA USA), following the

instructions available online at https://salimetrics.com/wp-content/uploads/2018/03/melatonin-

saliva-elisa-kit.pdf. The more melatonin in the sample, the more intense is the yellow coloration at the end

of the reaction, which quantification is performed using a VICTOR TM X3 2030 multilabel plate reader
(Perkin Elmer, Waltham, MA, USA) (Figure 21).

The hourly rate of melatonin concentration increase over time was calculated between the different

time points:
e Melatonin increase rate over evening was calculated as the difference between melatonin
concentration at the last time point (+1h after sleep onset) and the first time point (-4h before sleep

onset) divided by the number of hours between them (5 hours).

e Melatonin increase rate before sleep was calculated as the difference between melatonin
concentration at the middle time point (-2h after sleep onset) and the first time point (-4h before

sleep onset) divided by the number of hours between them (2 hours).
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e Melatonin increase rate around sleep was calculated as the difference between melatonin
concentration at the last time point (+1h after sleep onset) and the middle time point (-2h before

sleep onset) divided by the number of hours between them (3 hours).

SALIVARY MELATONIN
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Figure 21. Material necessary for melatonin quantification.

The total antioxidant capacity of these saliva samples at three time points was assessed using the
colorimetric reaction of 2,2-diphenyl-1-picrylhydrazyl (DPPH). This molecule is a stable free radical and has
a strong purple colour absorbing at 517nm, which disappear when it is scavenged by an antioxidant. This
colour change can be measured with a spectrophotometer, this method has been described and improved
numerous times, and recently our investigation group has adapted this method to have the possibility to use
it on very small samples of biological fluids.”** We used this adapted method as described in the publication,
the DPPH was purchased from Aldrich (Chemical Company, USA) and applied it in a 96-wells plate with
flat bottom. For the quantification of the colorimetric reaction, a standard curve of Trolox equivalent was
used as reference for the calculation of the antioxidant capacity of saliva samples. After 30 minutes of
biochemical reaction, a picture of the plate was taken with homogeneous light exposure of the wells using a

retroluminescent background. The colour was quantified using the PlateReader 3.0 plugin on the imagel

software (https://imagej.nih.gov/ij/plugins/readplate/index.html) analysing RGB images separately

(Figure 22). As for melatonin quantification, the measurement of antioxidant capacity was performed saliva
samples from three time point: 4h before sleep, 2h before sleep and after 1h of sleep. And as for melatonin,
increase rates were calculated from the three measurements as follows:
e Antioxidant capacity increase rate over evening was calculated as the difference between
melatonin concentration at the last time point (+1h after sleep onset) and the first time point (-4h

before sleep onset) divided by the number of hours between them (5 hours).
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Materials and methods

e Antioxidant capacity increase rate before sleep was calculated as the difference between
melatonin concentration at the middle time point (-2h after sleep onset) and the first time point (-4h

before sleep onset) divided by the number of hours between them (2 hours).

e Antioxidant capacity increase rate around sleep was calculated as the difference between
melatonin concentration at the last time point (+1h after sleep onset) and the middle time point (-2h

before sleep onset) divided by the number of hours between them (3 hours).
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Figure 22. Material necessary for the antioxidant capacity DPPH assay.
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IV.3.5. Invitro study of the circadian rhythms of adipocyte

genes: the impact of melatonin

The in vitro study protocol is summarized in Figure 23.
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Figure 23. In vitro study protocol

V. 3.5.1. Cell culture

The experiment was performed on Primary Human White Preadipocytes isolated from adult
subcutaneous adipose tissue (Promocell, Heidelberg, Germany) after abdominal liposuction in a Caucasian
woman aged 52. Cells were seeded at 10° cells/ml in six-well plates, grown to confluence in growth medium
(Promocell, Heidelberg, Germany) at 37°C in a humidified atmosphere containing 5% CO2. They were then
placed in differentiation medium (Promocell, Heidelberg, Germany). In half of the cell cultures, the
differentiation medium was supplemented with 30pg/ml of melatonin (N-Acetyl-5-methoxytryptamine). A
day after, the cell cultures were collected at 4 time points: 8:00 AM, 10:45 AM, 6:30PM, 11:00PM. All

cultures were performed in triplicates.
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Materials and methods

V. 3.5.2. Transcript quantification

The mRNA was extracted using a Qiagen RNA extraction kit retro-transcripted qScript microRNA
cDNA Synthesis Kit. The quantitative PCR was performed using PerfeCTa SYBR Green Super Mix Low
ROXTM (QIAGEN Beverly, Inc.) in 384-wells plates using a thermocycler QuantStudio 3 (Applied
Biosystems Waltham, Massachusetts). Cycle Threshold (CT) values were obtained in triplicate for the genes
B-actin, BMALI1, CRY, PER2, MT2, PPARy, C/EBPa, LPL, LEP, aP2, Adiponectin (GBP-28) and PAI-1

using the probes presented in Table 2. The B-actin gene was used as reference, results are presented in ACT.

Table 2. gPCR probes

Gene Reverse probe Forward probe

B-actin GCCTCGTCGCCCACATAG GCCGTCTTCCCCTCCATC
BMAL1 TGCCTCGTCGCAATTGG ACCCTGATTTCCCCGTTCA

CRY AGTGGGCTGAGGGCAAGAC CAGCCCTCCTGCCTCAGTT
PER2 GTCCAGCCCCCACCTTTC GGGAAGGAATAACTGGGTAGCA
PPARy  GGCGGTCTCCACTGAGAATA GAGCCCAAGTTTGAGTTTGC
C/EBPa. TTTAGCAGAGACGCGCACATTCAC ATTGCCTAGGAACACGAAGCACGA
LPL CTGGCATTGCAGGAAGTCTG GCATCATCAGGAGAAAGACGA
AP2 TCTCTTTATGGTGGTTGATTTT CAGTGTGAATGGGGATGTG

MT2 AGCCAGATGAGGCAGATGTGCAGA TCCTGGTGATCCTCTCCGTGCTCA
GBP-28 TGAATGCTGAGGGCTAT CATGACCAGGAAACCACGACT
PAI-1 ACAGCATTTTGGTGGTGACTT TGCTGGTGAATGCCCTCTACT

LEP CCATGCAATGCTCTTCAATCCTGGAG CCATCCAAAAAGTCCAAGATGACACC

ATACC

AAAA
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IV. 4. Statistical analysis

R software (version 3.5.0 R Core Team, 2018, Vienna, Austria) was used for the entire analysis®*°,
and the tidyverse package was employed for the statistical work and the representations.?*® Other packages
were used along the data analysis: readxl®’, psych®*®, RemdrMisc?’, ggsignif.>** The sjPlot package was
used to build the tables.?*!

Regarding outliers, each variable was manually reviewed and points distant from more than 6
standard deviations to the mean were excluded from the analysis. No individual was identified as an outlier
using Mahalanobis distance. For age matching, the three 14 years old participants and two 15 years old
participants from the obesity group which had the highest number of missing values were excluded from the
study. A Shapiro-Wilk test was used to assess for normality for each quantitative variable.?** In our study
population, the variables do not follow a normal distribution so the statistic tests were chosen accordingly.
Quantitative data are expressed as median and interquartile range, categorical data as absolute number or
percentage. Statistical significance is established on the basis of a p <0.05. Wilcoxon tests were used for
group comparisons of quantitative variables, unpaired for inter group comparisons and paired for
comparisons of a same group at several timepoints. > test was used for group comparisons of qualitative

variables.

Odds-ratios were calculated using the following for risk factor estimation:

Outcome = yes Outcome = no
Predictor = yes a b
Predictor = no c d
a
=<
OR = b
d

A fisher test was performed to analyse the significance of the odds-ratios. The parameters involved
in the odds ratio analysis and cut-offs points are shown in the following Table 3. Cut-off values for odds-
ratio calculations. Part of them are traditional metabolic risk factors which cut-off values were previously
published. In the case of the leptin, the normality limits for these variables were calculated as the 97
percentile of the control group. Regarding schedules, the median time of the meals in the control group was

used to define early and late.

66



Materials and methods

Table 3. Cut-off values for odds-ratio calculations

Variables Limit Background
Percentage of fat mass Age and sex referenced Freedman et al. 20093
Waist/height index >0.5 Bacopoulou et al. 2015%*
HOMA index >3.16 Keskin et al. 2004°*
Leptin (ng/mL) >7.46 97" percentile of control group
Bedtime during schooldays >22h25 Median of control group
Waking hour during weekend > 10h00 Median of control group
Dinner time during the week > 21h00 Median of control group
Lunch time during the weekend > 14h30 Median of control group
Time amplitude of nutritional intake > 12h45 Median of control group

For the modelling of the circadian rhythms of clock genes, the packages Cosinor (version 1.1)*%,
ggplot2 and dplyr were used. The transcript expression in ACT was plotted according to time, and a cosinor
model was built for each condition (with and without melatonin) applying a partial least squares regression
of a period of 24h. The Wald-test integrated in the cosinor R package was applied to estimate the difference

between the two conditions in terms of amplitude, acrophase and mesor of the rhythm (Figure 24).

Modification of the amplitude? Shift of the mesor? Shift of the acrophase?
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Figure 24. Hypothetical changes induced by melatonin (orange curve) on the circadian rhythms of clock and metabolic
genes of adipocytes

Correlations were assessed using the pcor.test function of the ppcor package (R package version
1.1.; 2015)** to calculate Spearman’s rho coefficient and the associated p-value. The spider chart was
performed using the package fmsb version 0.7.3, 2022.%*7 All correlations were adjusted for sex, age and
puberty index. Prior to Principal Component Analysis (PCA), the variables correlated with melatonin
increase around sleep rime were selected, the Kaiser — Mayer — Olkin index, known as KMO index, was
calculated and Barlett sphericity test was performed to assess sample adequation. The package Factoshiny
(R package version 2.4.; 2021) was used for PCA and the subsequent Hierarchical classification.>*® For each
multivariate analysis, missing values were imputed with a model at k-dimensions selected in the Factoshiny
app including only the variables concerned by the analysis. Finally, the caret package was used to build
random forest models using as metrics the receiver operating characteristic (ROC), which integrates both the

sensitivity (true positive rate) and specificity (false positive rate) of the model.**’
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IV.4.1. Confidentiality, information, and ethics

All patients and their relatives were informed about the study: description of the study, benefits and
possible risks, steps to be followed in sample collection and the treatment to be given to the results obtained
by the researcher or the dietician of the team, together with the paediatrician. After informing the patients
and acceptance by the parents of the minors, the informed consent form was signed by the parents and by the
participant from 12 years of age (Annex Q1).

All the information collected from the participants were treated with confidentiality and all database
followed the pseudo-anonymization process in accordance with the legal regulations in force in Spain
(Organic Law 7/2021, de May 26th on Personal Data Protection and Law (UE) 2016/679 European
parliament modified on May 23rd, 2018, Ley Orgénica 3/2018, de 5 de diciembre, de Proteccion de Datos
Personales y garantia de los derechos digitales).

The present research project was approved by the Ethic Committee of the Hospital Universitario Dr.

Peset de Valencia on March 29™, 2018 (Annex 1).
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V. Results



The result section is organized in four parts.

e First, the overweight and obesity group and the control group are described and compared to each

other for all study variables.

e Second, correlations and odds-ratios among the variables related to circadian rhythms, life

environment, and metabolic health.

e Third is presented the in vitro experiment on the impact of melatonin on the circadian rhythms of

adipocytes genes.

e The results section ends with the multivariate analysis and models.
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Results

V. 1. Description and comparisons

The two study groups are first compared in terms of age, sex, and puberty stage, then by
anthropometrics and clinical characteristics, followed by metabolic, inflammatory, and circadian

markers, and finally in respect with life history, habits, and environment.

V. 1.1. Age, sex, and puberty stage

The median age of the participants from the control group is 11 years old (9-12.75) and 12 years old
(10-13) in the participants from the overweight and obesity group, a difference which is not statistically
significant (p = 0.057, Figure 25). Sex distribution is also homogeneous between the groups with 51.4 %
girls in the control group and 47.7 % in the obesity and overweight group (p=0.721, Figure 26). The puberty
stage is more advanced in the obesity and overweight group, with only a third of the participants not
presenting yet signs of puberty and therefore scored as 1 on Tanner scale, and more than 15% presenting
advanced signs of puberty, scored 4 and 5. On the other hand in the control group, puberty is started in only
half of the participants and is advanced in less than 5% of them (Figure 27). This difference is statistically
significant (p = 0.011). Plus, the analysis narrowed by sex indicates that the advance in puberty is strongly

present in girls with obesity (p = 0.009), but not in boys with obesity (p = 0.108).

Age (years)

p=0.011
16 . Male T 1
100% 7
. Female
141 100% 7 80% 1 ‘Puberty index
80% (Tanner Scale)*
121 ° 60% s
60% A 4
101 o 40% [ E
40% A . 2
s 20% 48.6% ]
e 20%1 29.2%
" — 0%- '
Control  Overweight Control  Overweight and 0% ; -.
and obesity f Control Overweight and
obesity obesity
Figure 25. Age distribution Figure 26. Sex distribution Figure 27. Puberty index distribution
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V.1.2.  Anthropometry and clinical characteristics

The anthropometric characteristics are presented in Table 4 and the clinical characteristics in
Table 5. The median and interquartile range is presented for each group and the total population. The p-
values of the differences between the two groups figure in the last column. Figure 28 and Erreur ! Source

du renvoi introuvable. illustrate some of the differences observed between the groups.

Table 4. Anthropometric characteristics*

Variables Control Overweight and Total p-values
obesity

BMI (kg/m2) 17.1 (15.9-18.32) 27.5 (24.5-30.77) 24.15 (18-28.8) <0.001

BMI 28.5 (13-57.25) 99 (99-99) 99 (48.75-99) <0.001

percentile

BMI z-score -0.56 (-1.21-0.19) 3.22(2.32-4.53) 2.3 (-0.07-3.52) <0.001

Weight (kg) 33.1(28.5-45.3) 65.9 (52.85-78.45) 53.65 (36.95-69.92) <0.001

Height (cm) 142 (130-158.2) 155.8 (146-161.4) 153.3 (139-160.7) <0.001

Weight z-score -0.74 (-1.43-0) 3.12 (2.05-4.54) 2.01 (-0.25-3.79) <0.001

Height z-score -0.6 (-1.98-0.7) 0.39 (-0.5-1.28) 0.18 (-0.87-1.12) <0.001

Arm 21(19.2-23.9) 30 (27.9-32.45) 27.75 (22.95-31.12) <0.001

circumference

(cm)

Hips 74 (69.45-83.65) 99.2 (90.25-108) 90.55 (77-103) <0.001

circumference

(cm)

Waist 61 (56.9-67) 87 (80-96.75) 79.4 (64.55-91) <0.001

circumference

(cm)

Arm z-score -0.68 (-1.15-0.18) 1.91 (1.36-2.65) 1.33 (0.04-2.23) <0.001

Hips z-score -0.74 (-1.35--0.06) 1.78 (1.2-2.48) 1.14 (-0.32-2.13) <0.001

Waist z-score -0.74 (-1.43-0.08) 2.17 (1.38-2.65) 1.29 (-0.23-2.34) <0.001

Waist/hips 0.82 (0.77-0.86) 0.88 (0.84-0.94) 0.86 (0.81-0.91) <0.001

index

Waist/height 0.44 (0.41-0.46) 0.58 (0.53-0.61) 0.53 (0.45-0.59) <0.001

index

Percentage of 21.05 (17.88-23.52) 35.9 (32.1-40.3) 31.6 (22.25-37.4) <0.001

fat mass

Lean mass 26.25 (22.2-36.08) 41.35 (34.12-49.4) 37.25 (27.32-44.65) <0.001

(kg)

*Data are presented in median (interquartile range). Comparisons between the two groups were made by

Wilcoxon test.
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Figure 28. Comparison of the BMI, fat mass percentage and waist/hips index.

The participants from the overweight and obesity group present significantly increased values for all

the anthropometric variables compared to the controls (Figure 28, Table 4).

Table 5. Clinical characteristics*

Variables Control Overweight and Total p-

obesity values

Systolic blood pressure 106 (96.25- 114 (109-124.5) 113 (103- <0.001

(mmHg) 114.75) 120)

Diastolic blood pressure 58 (53-64) 62.5 (58-68) 61 (56-66) <0.001

(mmHg)

Systolic blood pressure 67 (32.5-84.5) 85.5 (62-94.25) 77 (52-93)  <0.001

percentile

Diastolic blood pressure 38 (23-66) 48 (30.5-68) 45 (27- 0.015

percentile 67.75)

Heart rate (BPM) 78 (65-88) 83 (73-93.5) 82 (72-90) 0.002

*Data are presented in median (interquartile range). Comparisons between the two groups were made by
Wilcoxon test.

Children with overweight and obesity present higher blood pressure and heart rate compared to the
control group participants (Table 5). In addition, blood pressure was classified for age and sex in three
categories: Normal, elevated and hypertension. A difference in the percentage of participants in each category
was encountered between both groups regarding systolic blood pressure (p = 0.001), but not for diastolic

blood pressure (p = 0.29).
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V.13.

Metabolic and inflammatory markers in blood

The metabolic variables are presented in Table 6 and the inflammation markers in Table 7.

Table 6. Metabolic characteristics*

Variables Control Overweight and obesity Total p-values
Glucose (mg/dL) 88.5 (84-93) 92 (86-95.75) 90 (85-95) 0.008
Insulin (nUI/mL) 7.4 (5.97-9.5) 15.6 (11-21.7) 11.5 (7.8-17) 0.000
HOMA index 1.6 (1.29-2.09) 3.44 (2.43-4.95) 2.61 (1.72-3.97) 0.000
HDL cholesterol 56 (47-64) 45 (41-50) 47 (42-57) 0.000
(mg/dL)

VLDL cholesterol 11.5 (10-14) 15 (11-22) 13 (11-18) 0.000

(mg/dL)

LDL cholesterol 93 (80-109) 96 (82-112) 94 (81-112) 0.374

(mg/dL)

Triglycerides 58 (50.25-69.75) 76 (57-112) 67 (53-90) 0.000

(mg/dL)

Leptin (ng/mL) 0.93 (0.43-1.86) 9.33 (4.93-17.83) 4.82 (1.23-12.34) 0.000

Ghrelin (pg/mL) 5.91 (3.29-8.92) 7.29 (1.38-10.35) 6.78 (3.29-9.94) 0.705

Omentin (pg/mL)  38.61 (29.61-60.67) 54.79 (29.08-77) 45.07 (29.54- 0.279
68.64)

Resistin (ng/mL) 17.26 (8.61-27.67) 23.06 (16.78-33.03) 21.3 (14.04-30.35) 0.002

Adiponectin 44.74 (29.2-76.5) 38.89 (17.69-70.89) 41.4 (24.48-74.24) 0.108

(ng/ml)

Retinol Binding 1.7 (1.38-1.9) 1.9 (1.6-2.1) 1.8 (1.5-2) 0.000

Protein (mg/dL)

ALT (UI/L) 15(11-19) 18 (14-24.75) 17 (13-23) 0.000

AST (UI/L) 23 (20-27) 21 (19-24) 22 (19-26) 0.037

v-GT (UI/L) 12 (10-14) 15 (13-19) 14 (11-18) 0.000

Creatinine 0.62 (0.58-0.69) 0.65 (0.6-0.71) 0.64 (0.59-0.7) 0.021

(mg/dL)

Apolipoprotein 135 (125-165.5) 128 (117-140.2) 130 (118.5-145) 0.002

Al (mg/dL)

Apolipoprotein B 69 (56-82) 73 (63.75-85) 72 (60-84) 0.090

(mg/dL)

Microalbumin 9 (5-13.5) 7 (5-12) 8 (5-12) 0.153

mg/L

Microalbumin 7.5 (6-11.25) 7 (5-9.45) 7 (5-10) 0.092

creatinine

coefficient

*Data are presented in median (interquartile range). Comparisons between the two groups were made by
Wilcoxon test.
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Results

Variables Control Overweight and obesity Total p-values
Plasmatic 6.1 (5.1-7.1) 7.15 (6.18-8.7) 6.8 (5.7-8.4) 0.000
Homocysteine
(nmol/L)

Atherogenic 1.02 (0.78-1.37) 1.71 (1.24-2.38) 1.38 (1.01-2.05) 0.000
index

Folic acid 7.35(5.38-10.9) 6.1 (4.55-7.8) 6.4 (4.8-9) 0.003
(ng/mL)

Vitamin D 25 (22-28.75) 23 (18.5-28) 24 (20-28) 0.028
(ng/mL)

Transferrin 20 (15-24) 17 (14-23) 18 (14-23) 0.026
saturation index

Iron (ng/dL) 86 (64.25-99) 75 (57.5-92) 76.5 (60.75-96) 0.058
Ferritin (ng/mL) 31(21-45) 38 (23-55.5) 35 (22-53) 0.082
Transferrin 279 (256-303.8) 299 (279-317.5) 293 (273-315) 0.001
(mg/dL)

*Data are presented in median (interquartile range). Comparisons between the two groups were made by
Wilcoxon test.

The children of the overweight and obesity groups present higher levels of glucose, insulin, HOMA
index, VLDL cholesterol, triglycerides, leptin, resistin, Retinol Binding Protein, ALT, AST, y-GT, creatinine,
plasmatic homocysteine. In addition, HDL cholesterol, apolipoprotein A1, folic acid, and vitamin D, which
are protective metabolic markers, are decreased in this group (Table 6, Figure 29). Plus, iron metabolism
markers appear also modified in the children with overweight and obesity: transferrin saturation index was

decreased, and transferrin level was increased.
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Immune factors are presented in Table 7 and illustrated in Figure 30.

Table 7. Inflammation characteristics*

Results

Variables Control Overweight and Total p-values
obesity
hs-CRP (mg/L) 0.27 (0.2-0.53) 1.7 (0.8-4.37) 0.95 (0.28-2.99) 0.000
C3 (mg/dL) 111.5(101.8- 143 (131-159.2) 132 (114-149) 0.000
124)

Uric acid (mg/dL) 3.9 (3.38-4.62) 5(4.3-5.75) 4.6 (3.9-5.4) 0.000

Cystatin C (mg/L) 0.82 (0.74-0.92) 0.83 (0.7-0.95) 0.82 (0.71-0.94) 0.745

Interferon-y (pg/mL) 12.74 (8.42- 11.14 (8.2-15.22) 11.4(8.24-15.94) 0.315
17.37)

Tumour Necrosis Factor-a 3.93(2.77-497)  1.76 (1.11-5.22)  2.93 (1.16-5.03) 0.003

(pg/mL)

Interleukin-6 (pg/mL) 2.11(1.24-3.51)  2.13(0.61-3.82)  2.12(0.93-3.71) 0.564

Plasminogen activator 10.84 (6.94- 35.46 (20.77- 25.57 (12.28- 0.000

inhibitor-1 (ng/mL) 21.57) 52.12) 42.95)

Monocyte Chemoattractant 44.23 (32.62- 53.94 (39.67- 51.08 (35.7- 0.042

Protein-1 (pg/mL) 74.26) 85.4) 81.64)

Absolute monocyte count 0.5 (0.4-0.68) 0.6 (0.4-0.75) 0.5 (0.4-0.7) 0.033

(x10e9/L)

Erythrocytes (x10e12/L) 4.78 (4.64-4.97)  4.86 (4.68-5.08)  4.82 (4.66-5.006) 0.101

Eosinophils 4.9 (2.88-8.07) 3.7 (2.3-6.3) 3.9 (2.4-7.15) 0.058

Basophils 0.6 (0.5-0.9) 0.6 (0.4-0.8) 0.6 (0.4-0.8) 0.114

Lymphocytes 40.6 (36.1-45.75) 36.55 (31.07- 37.8 (32.25- 0.003

42.48) 43.05)

Platelets (x10e9/L) 254 (218.8- 279 (240.5-319) 267 (232-310.5) 0.005
294.2)

Absolute neutrophil count 2.6 (2.3-3.42) 3.4 (2.9-4.38) 3.2(2.54.1) 0.000

(x10e9/L)

Leucocytes (x10e9/L) 6.1 (5.3-7.72) 6.95 (6.1-8.65) 6.8 (5.7-8.32) 0.003

Fibrinogen (mg/dL) 348 (319.2- 437 (392-4717.5) 400.5 (349.2- 0.000
381.8) 460)

*Data are presented in median (interquartile range). Comparisons between the two groups were made
by Wilcoxon test
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Figure 30. Inflammation characteristics

In children with overweight and obesity, various inflammation markers were found increased, such
as hs-CRP, C3, uric acid, PAI-1, MCP-1, monocytes, neutrophils, platelets, leucocytes, fibrinogen and the
atherogenic index. On the other hand, the TNF-a and lymphocytes are decreased in this group (Table 7,
Figure 30).
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Results

V.1.4.  Circadian rhythms and chronotype
V.1.4.1. Melatonin

Table 8. Salivary melatonin levels and increase rates over evening™*

Variables Control Overweight and Total p-values
obesity

Salivary melatonin 4h 3.72 (0.92-10.16) 3.84 (0.9-10.75)  3.83(0.92-10.74) 0.898
before sleep (pg/mL)
Salivary melatonin 2h 5.31(1.28-10) 6.05 (1.73-17.73)  5.36 (1.6-14.12) 0.200
before sleep (pg/mL)
Salivary melatonin after 25.93 (15.48- 25.48 (14.78-40.8) 25.85(14.97- 0.380
1h of sleep (pg/mL) 43.77) 42.08)
melatonin increase 4.26 (1.8-7.25) 3.55(1.4-6.16) 3.89 (1.53-6.48) 0.262
measured over evening
(pg/ml per hour)
melatonin increase 0 (-1.76-1.41) 0.38 (-1.21-2.92) 0 (-1.29-2.64) 0.054
measured before sleep
(pg/ml per hour)
melatonin increases 7.35(3.11-12.93) 4.66 (1.75-9.05) 5.53(2.33-9.89) 0.016
around sleep time (pg/ml
per hour)

*Data are presented in median (interquartile range). Comparisons between the two groups were made by
Wilcoxon test.
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Figure 31. Median melatonin levels over evening Figure 32. Melatonin increase rate
around sleep time

Melatonin levels are not significantly different between groups at any of the three time points
studied (Table 8). In both groups, melatonin levels increase significantly between the first and the last
measurement, with the most important increase between 2 hours before sleep onset, and 1h after sleep onset.
Nevertheless, only in the obesity group the melatonin already show a significant increase 2h before sleep
compared to 4h before sleep (Figure 31). Plus, the increase rate of melatonin around sleep onset is lower in

the overweight and obesity participants compared to the control (Figure 32).
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V. 1.4.2.  Antioxidant capacity

Table 9. Salivary antioxidant capacity levels and increase rates over evening*

Variables Control Overweight and Total p-

obesity values

Salivary antioxidant capacity 4h 82.02 (23.09- 123.47 (61.31- 107 (52.59- 0.007

before sleep 145.17) 201.37) 178.31)

Salivary antioxidant capacity 2h 85.86 (33.69- 137.22 (70.93- 117.53 (46.97-  0.002

before sleep 154.24) 214.7) 196.12)

Salivary antioxidant capacity 149.4 (0-233.5) 142.29 (35.98- 147 (23.3-228.4) 0.553

after 1h of sleep 224.31)

Antioxidant capacity increase 0(-13.12-42.54) 0 (-19.46-18) 0(-16.94-24.02) 0.085

around sleep time (Eq. Trolox per

hour)

Antioxidant capacity increase -2.9 (-25.32- 6.16 (-14.18- 2.04 (-17.97- 0. 161

measured before sleep (Eq. 24.49) 22.26) 23.16)

Trolox per hour)

Antioxidant capacity increase 4.35 (-4.45- 1.11 (-9.4-17.46) 1.93 (-7.98- 0.073

measured over evening (Eq. 31.83) 20.47)

Trolox per hour)

*Data are presented in median (interquartile range). Comparisons between the two groups were made by
Wilcoxon test.
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Figure 33. Median salivary antioxidant capacity over evening
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Figure 34. Salivary antioxidant capacity 4h and 2h before sleep

The antioxidant capacity in saliva and the evolution over evening are reported in Table 9, and
important interindividual differences were found. In the children with overweight and obesity, the antioxidant
capacity is higher before sleep, whereas in the control group, it is relatively low at the beginning of the
evening and increase significantly to reach the levels encountered in the obesity group at the last time point
(Figure 33). In consequence, during the two first time points, the antioxidant capacity levels in overweight

and obesity participants are significantly higher than the controls as illustrated in Figure 34.
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V.1.4.3.  Chronotype

The chronotype score obtained by the Horne and Ostberg questionnaire was similar in both group,
with a median score of 49 (44-56) in the control group and of 50 (43-56) in the overweight and obesity group

(p =0.809). No difference was encountered either when the scores were translated into a chronotype category

(p=0.996, Figure 35).
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Figure 35. Chronotypes distribution
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Results

V.1.5. Life habits, history, and environment

V. 1.5.1. Nutrition

A 3-days nutritional record was completed by the participants, and the software DIAL was used to

measure the quantity and type of nutrients consumed by the participants.

Table 10. Nutritional intake content™

Variables Control Overweight and obesity Total p-values
Calories 2000 (1734-2567) 1763 (1439-2022) 1798 (1576-2194) 0.000
Lipids 93.9 (79.3-114) 84.9 (65.6-102) 88.8 (71.6-106.5) 0.003
Proteins 77.1 (63.77-97.35) 68.3 (60.9-81.2) 71.2 (61.45-85.45) 0.033
Carbohydrates 200.5 (171.2-280) 160 (137-195) 173 (147-214.5) 0.000

*Data are presented in median (interquartile range). Comparisons between the two groups were made by
Wilcoxon test.

The record from the participants of the control group reported a higher level of calories, lipids,

proteins, and carbohydrates (Table 10).

Table 11. Caloric intake of each meal*

Variables Control Overweight and Total p-values
obesity
Breakfast 327.1(222.1-445.5)  285.5(214.1-382.2)  310.3 (215.2-399.8) 0.183
Morning snack 313.3 (236.3-412.1) 261 (167.4-325.5)  287.9(172.5-346.8) 0.016
Lunch 496.5 (419.1-668.5) 447.3 (387.7-526)  455.4(397.8-554.6) 0.007
Afternoon snack 338 (291.7-419.6) 274.2 (196-375.2) 305 (214.9-394.2) 0.006
Dinner 498.5 (407.3-585)  479.4 (368.7-587.1) 497.6 (389-587) 0.486
Other (% of yes) 28.6% 31.3% 30.4% 0.880

*Continuous data are presented in median (interquartile range) and Comparisons between the two groups
were made by Wilcoxon test. Binary variables are presented in percentage of positive answer and
comparisons were made by Chi test.

The caloric content for each meal was quantified and found significantly higher in the controls for

the morning snack, lunch, and afternoon snack (Table 11).
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Table 12. Elements mentioned in the nutritional report*

Variables Control  Overweight and obesity ~ Total  p-values
Sodas 32% 25% 27.3% 0.476
Sweets 44% 36% 38.7 0.441
Fruit juice 52% 32% 38.7% 0.028
Industrial sauces mentioned (ketchup,...) 28% 19% 22% 0.296
Transformed products mentioned 84% 79% 80.7% 0.609
Homemade products mentioned 78% 76% 76.7% 0.946
First price brand 52% 21% 313 0.000
Branded product mentioned 52% 34% 40 0.052

*Data are presented in percentage of positive answer and comparisons were made by Chi’ test

In addition to DIAL software data used for quantifying the nutritional intake, more information was

extracted from the 3-days nutritional record, such as the mentioned elements like sodas, industrial sauces,
transformed or homemade products, but also the mention of first price or branded products (Table 12). The

participants from the control group were more numerous to mention fruit juice and first price brand products.
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Figure 36. Report quality

The quality of the report was quantified by the investigator from 1, poor quality to 5, perfectly well
completed. The grade reflects the level of details provided, for the quantity, the type of foods and cooking,
the brands consumed. This score was found significantly higher in reports provided by the control participants

(p =0.006, Figure 36).
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This element constitutes a problem in terms of the reliability of the results obtained through this
report. Indeed, for an equivalent meal, a report completed in detail will tend to have a higher caloric content

than a report which has omitted to mention part of the nutritional intake.

Because of this bias, which adds to other probable bias described further in discussion, the row data
from the nutritional intake content will not be included in further analysis. Nevertheless, for a same

individual, the ratio of caloric content between the different meals were calculated, which should limit the

effect of the bias.

Table 13. Proportion of nutritional intake for each meal compared with the others*

Variables Control Overweight and Total p-values
obesity

Breakfast/morning snack 1.05 (0.7-1.54) 1.09 (0.75-1.73)  1.06 (0.75-1.69)  0.703
calories

Breakfast/lunch calories 0.64 (0.42-0.93)  0.64 (0.45-0.81)  0.64 (0.44-0.89)  0.741
Breakfast/afternoon snack 1.01 (0.68-1.27)  1.03 (0.72-1.56) 1.01 (0.71-1.42)  0.347
calories

Breakfast/dinner calories 0.63 (0.4-0.93)  0.59(0.37-0.92) 0.62(0.39-0.93)  0.515
Morning snack/lunch calories 0.59 (0.35-0.86)  0.55(0.37-0.73)  0.56 (0.36-0.77)  0.495
Morning snack /afternoon snack  0.99 (0.61-1.17)  0.84 (0.55-1.21)  0.88 (0.55-1.2) 0.663
calories

Morning snack/dinner calories 0.58 (0.34-0.88)  0.52(0.31-0.7)  0.54(0.31-0.76)  0.085
Lunch/afternoon snack calories 1.53 (1.2-2.03) 1.62 (1.2-2.41) 1.59 (1.2-2.23) 0.361
Lunch/dinner calories 0.95(0.79-1.45) 091 (0.77-1.13)  0.93 (0.78-1.22)  0.186
Afternoon snack/dinner calories  0.68 (0.51-0.81)  0.56 (0.41-0.75) 0.6 (0.42-0.79) 0.017

*Data are presented in median (interquartile range). Comparisons between the two groups were made by
Wilcoxon test.

Only the afternoon snack/dinner calories ratio is different between groups, found in average lower

in the participants with overweight and obesity. This means that in these children, the afternoon snack was

only about 55% as caloric as dinner, whereas in controls, it was about 67% as caloric as dinner (Table 13).
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Table 14. Meal timings*

Variables Control Overweight and Total p-

obesity values

Breakfast time during 8 (7:30-8:25) 7:50 (7:30-8:15) 8 (7:30-8:15) 0.180

the week

Morning snack time 10:45 (10:30-11) 11 (10:45-11) 11 (10:30-11) 0.409

during the week

Lunch time during the 14 (13:30-14:30) 14 (13:30-14:30) 14 (13:30-14:30) 0.298

week

Afternoon snack time 17:10 (17-17:30) 17:30 (17-18) 17:15 (17-18) 0.173

during the week

Dinner time during 21 (20:30-21:25) 21 (20:30-21:30) 21 (20:30-21:30) 0.617

the week

Breakfast time during 10:30 (10-11) 10 (9-10:30) 10 (9:30-10:30) 0.020

the weekend

Morning snack time 12 (11-12:30) 11 (11-12) 11:30 (11-12) 0.183

during the weekend

Lunch time during the 14:30 (14-14:30) 14:30 (14-15) 14:30 (14-14:55) 0.836

weekend

Afternoon snack time 18 (17:30-18) 18 (17:15-18:30) 18 (17:20-18:30) 0.796

during the weekend

Dinner time during 21:30 (21-21:30) 21:30 (21-21:50) 21:30 (21-21:50) 0.360

the weekend

Time amplitude of the 13 (12:30-13:30) 13:05 (12:45-13:50) 13 (12:30-13:50) 0.198

nutritional intake

*Data are presented in median of hours: minutes (interquartile range). Comparisons between the two
groups were made by Wilcoxon test.

The schedules of nutritional intakes collected from the 3-days nutritional report were not

significantly different between the two groups during the school week nor the weekend (Table 14).

Table 15. Breakfast context™

Variables Control Overweight and obesity Total p-values
Breakfast duration (min) 10 (10-15) 10 (5-15) 10 (5-15) 0.119
Sit down to have breakfast 90.7 % 88.9 % 89.5 % 0.987
Breakfast with screen 51.6% 68.3 % 63.6 % 0.155

devices

*Continuous data is presented in median (interquartile range) and comparisons was made by Wilcoxon
test. Binary variables are presented in percentage of positive answer and comparisons were made by Chi’
test.
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Results

The context of the breakfast was also assessed through a self-reported estimation of its usual
duration, whether the children usually take the time to sit for this first nutritional intake of the day, and the

presence of screens. No difference was found between the groups regarding breakfast context (Table 15).

V. 1.5.2.  Physical activity

The participants were asked whether they exercise or not out of school, and if so, which activity they
practice. The activities were then classified in groups according to the static component and dynamic
components of the sport practice. The time at which the physical activity was performed was also asked, as

was the weekly frequency.
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Figure 38. Physical activity frequency
Figure 37. Physical activity practice

The proportion of participants practicing sport was not significantly different between the two groups

(p = 0.439, Figure 37), nor was the frequency of sport practice (p = 0.135, Figure 38).
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Figure 39. Cardiovascular demand of physical activity
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Each sport implies a different dynamic and static component, from which can be deduced the level
of cardiovascular demand during the effort. The difference in cardiovascular demand levels was not

significantly different between the two groups (p = 0.115, Figure 39).

Regarding the sport schedule, it was found that the children from the obesity group had a slightly
but significantly (p = 0.045) later time of physical activity start compared to the controls (Figure 40).
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Figure 40. Sport start time

V.1.5.3. Sleep

Table 16. Sleep schedules™

Variables Control Overweight and Total p-values
obesity
Bedtime during schooldays 22:30 (22-23) 22:30 (22-23) 22:30 (22-23) 0.163
Waking hour during schooldays 7:45 (7:15-8) 7:20 (7-7:58) 7:30 (7-8) 0.002

Sleep duration during schooldays 9:30 (8:30-10) 8:45 (8-9:30) 9 (8:12-9:59) 0.005
(hours)

Bedtime during weekend 00:00 (23-0) 00:00 (23- 00:00 (23- 0.420
00:30) 00:30)

Waking hour during weekend 10 (9-10:30) 9:30 (8:30- 9:30 (8:30- 0.241
10:30) 10:30)

Sleep duration during weekend 10 (9:30-10:30) 10 (8:30-10) 10 (9-10:30) 0.045

Difference in sleep duration 0:30 (-0:30- 0:30 (-0:03-2)  0:30 (-0:20-2) 0.774

schooldays and weekends (hours) 1:30)

*Data are presented in median of hours: minutes (interquartile range). Comparisons between the two
groups were made by Wilcoxon test.
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Figure 41. Sufficient sleep duration

The children with overweight and obesity sleep in average for a shorter duration during the night,
and they wake up significantly earlier (Table 16). When reported to the Spanish sleep society criteria of

adequate sleep duration, no significant difference was found between the two groups (p=0.227, Figure 41).
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Figure 42. Longer sleep duration during the weekend Figure 43. Paediatric sleep questionnaire

score

The weekend sleep recovery, quantified here as a weekend sleep duration more than 1h30 longer
than the sleep duration during the school week, was not significantly different between the groups (p=0.481,
Figure 42). Among the study participants, 1 out of 10 have the habit to take a nap, indifferently from the
groups (p = 0.364). Participants presenting overweight and obesity have higher scores at the sleep

questionnaire detecting sleep disturbances (Figure 43).
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V. 1.5.4.  Exposure to technological devices with screens
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About half of the participants from the control group have screen devices in their bedroom at night
against three quarters of the participants from the overweight and obesity group (p = 0.002, Figure 44). In

the overweight and obesity group, the presence of mobile phone and television was more frequently reported

than in controls (Figure 45).

V. 1.5.5. Delivery and early nutrition

In the control group, 38.5% were born by c-section and 34.6% in the overweight and obesity group
(p = 0.726). In the control group, 71.9% had breastmilk as early nutrition and 69.4% in the overweight and
obesity group (p = 0.853).
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V. 1.5.6. Sociodemographic context
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Figure 46. Mother education level Figure 47. Father education level

In the control group, the proportion of fathers with higher education levels is significantly higher (p
=0.021, Figure 47). It was not found significantly higher in the mother (p = 0.080, Figure 46).
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Figure 48. Mother employment status Figure 49. Father employment status

Regarding the mother employment status, it was not different between groups (p = 0.306, Figure
48), on the other hand, in the control group, the proportion of fathers with stable contracts is higher (0.002,
Figure 49).
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No significant difference was found between the two groups regarding the parental situation (p =

0.071, Figure 50).
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Figure 51. Summary of the differences between the two groups

The spider chart was performed using the package finsb version 0.7.3, 202227 on R.

In summary, in the present study the children with overweight and obesity present significant
differences compared to children with normal BMI for equivalent age and sex. Differences were encountered
in all the domains that we investigated: metabolism, inflammation, anthropometry, circadian rhythms, and

life context (Figure 51).
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V. 2. Relationships among study variables

In this part, Spearman correlations and odds-ratios with Fisher’s tests are calculated to identify to
which parameters are related melatonin increase rate around sleep, chronotype, sleep duration, mealtime,

screen exposure, and sociodemographic context.
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Results

V.2.1. Melatonin

Melatonin increase rate around sleep time consists in the difference in melatonin measured two hours
before sleep, and one hour after sleep onset, divided by 3, the number of hours between these two
measurements. This rate was found significantly lower in the children presenting overweight or obesity
(Table 8). The correlation between this melatonin rate and other parameters is now studied.

Table 17. Correlations with melatonin increase rate*

Variables rho P value
Percentage of fat mass -0.16 0.03
BMI (kg/m2) -0.17 0.023
BMI z-score -0.17 0.024
Weight z-score -0.16 0.035
Arm z-score -0.16 0.037
Waist/height index -0.17 0.026
HOMA index -0.15 0.037
Uric acid (mg/dL) -0.16 0.034
v-GT (UI/L) -0.21 0.004
Retinol Binding Protein (mg/dL) -0.18 0.014
Transferrin (mg/dL) -0.19 0.014
Plasmatic Homocysteine (—umol/L) -0.17 0.026
Leucocytes (x10e9/L) -0.18 0.018
Absolute neutrophil count (x10e9/L) -0.19 0.013
Absolute lymphocyte count (x10e9/L) -0.22 0.002
Platelets (x10e9/L) -0.25 0.001
Ghrelin (pg/mL) 0.15 0.04
Leptin (ng/mL) -0.24 0.001
Chronotype - 0.002
In bedroom at night: mobile phone -0.18 0.022
Number of technological devices in bedroom -0.18 0.026
Nap habit -0.21 0.009
Bedtime during schooldays -0.23 0.004
Sleep duration during schooldays (hours) 0.014
Bedtime during weekend 0.001
Breakfast/morning snack calories 0.03
Breakfast/lunch calories 0.038
Breakfast/dinner calories 0.003

*Spearman correlations adjusted for age, sex and puberty index were performed between the variables,
Spearman’s rho is coloured by strength and sign of correlation and is presented with the associated p-
value.
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The elements in Table 17 were found significantly correlated with melatonin increase rate around

sleep, independently from the relationship with age, sex, and puberty stage.

Regarding anthropometric characteristics, a higher melatonin rate is correlated with a lower BMI,
percentage of fat mass, waist/height index, weight, and arm z-scores. It is also negatively correlated with
metabolic markers such as the HOMA index-ex, uric acid, y-GT, RBP, Transferrin, Plasmatic homocysteine,
Leucocytes, neutrophils, lymphocytes, platelets, and leptin. It is positively correlated with the hunger
hormone ghrelin and with a higher the chronotype score which indicate morningness. The higher the
melatonin rate also correlates with lower number of screens in the bedroom at night, in particular the mobile
phone. Higher melatonin rate finally correlates with life habits, such as lower nap habit, earlier bedtime and
longer sleep duration during schooldays, and with higher ratio of caloric intake during breakfast with other

meals.
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V.2.2.  Chronotype

The Horne and Ostberg questionnaire was used to obtain for each participant a morningness-
eveningness score. The higher the score, the more a person has the tendency to be active during the earlier
part of the day. This score was found correlated to various parameters presented in Table 18.

Table 18. Correlations with chronotypes*

Variables rho p-value
Salivary melatonin after 1h of sleep (pg/mL) 0.033
melatonin increase measured over evening (pg/ml per hour) 0.005
melatonin increase around sleep time (pg/ml per hour) 0.002
Creatinine (mg/dL) 0.026
Albumin (g/dL) 0.039
Transferrin (mg/dL) -0.18 0.047
Leucocytes (x10e9/L) -0.19 0.024
Absolute lymphocyte count (x10e9/L) -0.24 0.003
Absolute monocyte count (x10e9/L) -0.22 0.009
Absolute basophil count (x10e9/L) -0.26 0.002
Platelets (x10e9/L) -0.2 0.015
Interferon-y (pg/mL) -0.21 0.012
Tumour Necrosis Factor-a (pg/mL) -0.25 0.003
Bruni sleep questionnaire score -0.28 0.001
SAHS sleep questionnaire -0.17 0.049
In bedroom at night: television -0.24 0.004
In bedroom at night: console -0.19 0.023
In bedroom at night: tablet -0.26 0.002
Number of technological devices in bedroom -0.3 <0.001
Bedtime during schooldays -0.25 0.002
Bedtime during weekend -0.28 0.001
Waking hour during weekend - <0.001
Sleep duration during weekend -0.22 0.011
Difference in sleep duration schooldays and weekends (hours) -0.29 0.001
Breakfast time during the weekend -0.29 0.005
Father employment 0.003
Breakfast/lunch calories 0.036
Breakfast/afternoon snack calories 0.021
Breakfast/dinner calories 0.01

*Spearman correlations adjusted for age, sex and puberty index were performed between the variables,
Spearman’s rho is coloured by strength and sign of correlation and is presented with the associated p-
value.
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Independently from sex, age, and puberty index, the chronotype score was correlated with higher
melatonin levels after 1h of sleep, with a higher melatonin increase rate around sleep time and over the entire
evening. It was also correlated with higher creatine and albumin, lower transferrin leucocytes, lymphocytes,
monocytes, basophils, platelets, ING-g, TNF-a. Regarding sleep, chronotype score is correlated with lower
sleep disturbances scores, earlier bedtimes during both the school days and the weekend, and an earlier wake-
up time during the weekend, resulting in less difference in terms of sleep duration between the week and the
weekend. The chronotype score is also inversely correlated with the number of screen devices present in the
bedroom at night, in particular television, console, and tablet. As was melatonin, the chronotype score is
correlated with the caloric ratio between breakfast and the other meals. This suggests that the earlier the

chronotype, the higher nutritional intake in the breakfast compared to the other meals.
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V. 2.3. Dinnertime

The dinner time was self-reported on the 3-days nutritional report. The correlations between later

dinner time and variables of the study are listed in the Table 19.

Table 19. Correlation with dinnertime during the week*

Variables rho p-value
Glucose (mg/dL) 0.29 0.003
Urea (mg/dL) 0.26 0.008
Albumin (g/dL) 0.2 0.036
Iron (pg/dL) -0.21 0.029
Plasmatic Homocysteine (umol/L) 0.21 0.035
Bedtime during schooldays 0.26 0.007
Sleep duration during schooldays (hours) -0.28 0.004
Time amplitude of nutritional intake - <0.001
Afternoon snack time during the week 0.3 0.003
Lunch time during the weekend 0.22 0.028
Afternoon snack time during the weekend 0.27 0.02
Dinner time during the weekend 0.57 <0.001
Breakfast/lunch calories -0.24 0.018
Breakfast/afternoon snack calories -0.32 0.001
Morning snack/afternoon snack calories -0.29 0.004

*Spearman correlations adjusted for age, sex and puberty index were performed between the variables,
Spearman’s rho is coloured by strength and sign of correlation and is presented with the associated p-
value.

Dinnertime is positively correlated with glucose level, urea, albumin, and plasmatic homocysteine,
and negatively correlated with iron. It is also correlated positively with bedtime during school days, time
amplitude of nutritional intake over the day, dinner, afternoon snack and dinner time during the weekend,
and negatively correlated with sleep duration during the week. Finally, it is inversely correlated with the
ratios of breakfast/afternoon snack calories, breakfast/lunch calories and morning snack/afternoon snack

calories.
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V.2.4.  Sleep duration during the school days

Sleep duration was calculated from the self-reported bedtime and wake-up time during the school
week. The statistically significant correlations measured between sleep duration and the study variables are

gathered in Table 20.

Table 20. Correlations with sleep duration™®

Variables rho p-value
Salivary melatonin after 1h of sleep (pg/mL) 0.17 0.031
melatonin increase around sleep time (pg/ml per hour) 0.2 0.014
Waist circumference (cm) -0.19 0.016
Waist/hips index -0.16 0.049
Percentage of fat mass -0.19 0.015
BMI (kg/m2) -0.17 0.025
Waist/height index -0.25 0.001
Diastolic blood pressure level -0.2 0.011
Glucose (mg/dL) -0.17 0.029
Atherogenic index -0.2 0.009
VLDL cholesterol (mg/dL) -0.17 0.028
Triglycerides (mg/dL) -0.17 0.026
AST (UI/L) 0.17 0.028
Plasmatic Homocysteine (umol/L) -0.17 0.035
Plasminogen activator inhibitor-1 (ng/mL) -0.22 0.006
Monocyte Chemoattractant Protein-1 (pg/mL) -0.16 0.047
In bedroom at night: mobile phone -0.28 < 0.001
Number of technological devices in bedroom -0.26 0.001
Bedtime during weekend -0.49 < 0.001
Difference in sleep duration school days and weekends (hours) -0.4 <0.001
Breakfast duration (min) 0.22 0.026
Time amplitude of nutritional intake -0.35  <0.001
Afternoon snack time during the week -0.26 0.012
Dinner time during the week -0.28 0.004

Breakfast/lunch calories - 0.017

*Spearman correlations adjusted for age, sex and puberty index were performed between the variables,
Spearman’s rho is coloured by strength and sign of correlation and is presented with the associated p-
value.
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Sleep duration was found correlated positively with the salivary melatonin level after one hour of
sleep, and with melatonin increase rate around sleep, independently from the effect of age, sex, and puberty
index. It was additionally found negatively correlated with anthropometrics characteristics associated to
obesity, such as BMI, percentage of fat mass, waist/hips index and waist circumference. In addition, sleep
duration was negatively correlated with diastolic blood pressure and metabolic risk markers such as glucose,
VLDL cholesterol, triglycerides, plasmatic homocysteine, PAI-1, atherogenic index, MCP-1, and positively
correlated with AST. In addition, sleep duration is negatively correlated with the number of technological
devices present in the room at night, and in particular the mobile phone. Plus, it is negatively correlated with
bedtime during the weekend, and with difference in sleep duration between the sleep and weekend. In the
participants with longer sleep duration, the duration of the breakfast and the breakfast/lunch calory ratio is

higher, whereas the dinner time and amplitude of the nutritional intake over a day are shorter.
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V.2.5. Screen exposure

The participants were asked to answer whether a mobile phone, console (Wii, PS4...), portable
console (switch, DS, PSP...), computer, TV or tablet was present in their bedroom during the night. The
presence of at least one of these technological devices with screens is associated with higher odds of
presenting anthropometrics and biochemical markers of obesity, and also other risk factors of life habits and

environment, as shown in Figure 52.

Presence of technological devices in the bedroom

High BMI{ | o
High fat mass 1 '—.—'

High waist/height index{ ®
High HOMA index{ +—@——
High leptin{ —@———

Late chronotype classification @
Late bedtime during schooldays (>22h25) 1 ——
Late weekend wake up-time (> 10AM) @
At least 1h30 longer sleep the week end @
Nap habit 1 @

Physical activity practice 1 '—.—|

Late dinner time during the week (>21h) 1 ‘ @
Late lunch during the weekend 1 @
Long time amplitude of nutritional intake (>12h45) 1 @
Unemployed father 1 L
Separated parents 1 @

5 10 15 20
estimate.odds ratio

Figure 52. Odds-ratios for presence of screens in the bedroom

The presence of screens in the bedroom at night is associated with 3.4 (1.65-7.12) more probability
of presenting a BMI >2 SD for age and sex, in other words to present obesity (p = 0.001). In addition, it is
also multiplying by 2.62 (1.26-5.48) the probability of presenting a high fat mass for age and sex (p = 0.004),
by 3.44 (1.39-6.32) the likelihood to present a waist/height index > 0.5 (p = 0.001), these limits were set as
the 97" percentile in the control group. Regarding metabolic factors, the presence of screens in the bedroom
multiplies by 2.2 (1.02-5.01) the odds for a HOMA higher than 3.16 (p = 0.038), and by 2.11 (0.99-4.71) for
a high leptin level, superior to 9.11 (p = 0.041). It is associated with an increase of 5.91 (2.21-16.88) times
of probability to present a moderately or extremely late chronotype (p < 0.001), of 3.29 (1.6-6.89) to go to
bed later than 22h25 during the week (p < 0.001), of 3.38 (1.4-9.11) to wake up later than 10AM in the
weekend (p = 0.004), of 5.72 (2.06-19.88) to sleep at least 1h30 longer during a weekend night than a week

102



Results

night (p <0.001), of 7.36 (1.06-20) to report the habits of taking naps (p = 0.039). Surprisingly, the physical
activity practice is also 2.14 (0.99-4.84) more reported in the participants who have screens in their bedroom
at night (p = 0.04). Regarding meal timings, having screens in the bedroom is associated with 2.73 (0.99-
8.43) more dinner time later than 21h during the week (p = 0.049), 2.72 (1.14-6.65) more likelihood to have
lunch later than 14h30 during the weekend (p = 0.016), and of 2.98 (1.21-7.58) the odds to have a nutritional
intake amplitude over the course of the day longer than 12h45 (p = 0.012). Finally, the fathers of children
who have screens in their bedroom are 4.23 (1.19-20) more likely to be unemployed, and the parents 2.95

(1.03-10.49) times more probabilities to be separated.
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V. 2.6. Parental characteristics

Table 21. Correlations with the level of education in the mother*

Variables rho  p-value
Weight (kg) -0.17 0.025
Weight z-score -0.17 0.021
Hips circumference (cm) -0.15 0.047
Waist circumference (cm) -0.17 0.025
Arm z-score -0.18 0.022
Hips z-score -0.17 0.023
Waist z-score -0.21 0.006
Waist/hips index -0.19 0.011
Percentage of fat mass -0.21 0.005
BMI (kg/m2) -0.22 0.004
BMI percentile -0.17 0.021
Waist/height index -0.22 0.003
Atherogenic index -0.16 0.037
VLDL cholesterol (mg/dL) -0.15 0.04
Triglycerides (mg/dL) -0.15 0.044
Leucocytes (x10e9/L) -0.25 0.001
Absolute neutrophil count (x10e9/L) -0.25 0.001
Absolute monocyte count (x10e9/L) -0.22 0.003
Lymphocytes 0.16 0.029
Leptin (ng/mL) -0.18 0.019
Early nutrition (0 = breastmilk; 1 = formula) -0.27 0.001
SAHS sleep questionnaire (% positive answers) -0.2 0.011
Physical activity (0 = no; 1 = yes) 0.18 0.029
Waking hour during weekend -0.23 0.004
Sleep duration during weekend -0.2 0.015
Difference in sleep duration schooldays and weekends (hours) -0.17 0.033
Father education - <0.001
Mother employment 0.17 0.025
Breakfast/morning snack calories 0.19 0.031
Breakfast/lunch calories 0.24 0.006
Breakfast/afternoon snack calories 0.27 0.002
Breakfast/dinner calories 0.27 0.002

*Spearman correlations adjusted for age, sex and puberty index were performed between the variables,
Spearman’s rho is coloured by strength and sign of correlation and presented with the associated p-value.
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Results

The education level of the mother was negatively correlated with anthropometric characteristics of
obesity. In addition, it was negatively correlated to eight metabolic and inflammatory markers, sleep
disturbance scores, late sleep schedules and weekend sleep recovery. I was found positively correlated to
physical activity practice, father education, mother employment, and to caloric ratios between breakfast and

all the other meals of the day (Table 21).

Table 22. Correlations between maternal study level and nutritional report results*

Variables rho p-value
Perceived quality of the report 0.25 0.004
Calories 0.22 0.01
Lipids 0.19 0.027
Carbohydrates 0.24 0.006
Homemade products mentioned 0.25 0.004
First price brand 0.21 0.016
Branded product mentioned 0.26 0.002

*Spearman correlations adjusted for age, sex and puberty index were performed between the variables,
Spearman’s rho is coloured by strength and sign of correlation and is presented with the associated p-
value.

As explained previously, the nutritional report was found unreliable to measure the differences
between the two groups because it was significantly better completed in the case of the participants from the
control group. It seems that this bias may be related to the mother education level, as the quality of the report
as well as all the nutritional parameters collected from the report were significantly correlated with the mother
study level (Table 22). Two parameters from this list were also correlated with the study level of the father:

the carbohydrates (rtho = 0.23; p = 0.009) and the number of branded products (tho = 0.19; p = 0.031).

The odds ratios for risk factors when having and mother with an unstable job were calculated. The
only significant association is that mothers who went to university were 3.9 (1.65-10.39) times more likely

to have a stable job (p < 0.001).
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Table 23. Correlations with the education level of the father*

Variables rho  p-value
Weight (kg) -0.23 0.002
Weight z-score -0.24 0.001
Arm circumference (cm) -0.21 0.006
Hips circumference (cm) -0.21 0.004
Waist circumference (cm) -0.27 | <0.001
Arm z-score -0.26 0.001
Hips z-score -0.25 0.001
Waist z-score -0.29 < 0.001
Waist/hips index -0.24 0.001
Percentage of fat mass -0.28 < 0.001
BMI (kg/m2) -0.28 < 0.001
BMI percentile -0.25 0.001
Waist/height index -0.31 < 0.001
Systolic blood pressure percentile -0.15 0.044
Systolic blood pressure level (0 = normal; 1 = elevated; 2 = hypertension) -0.17 0.025
Diastolic blood pressure level (0 = normal; 1 = elevated; 2 = hypertension) -0.18 0.019
HOMA index -0.25 0.001
Creatinine (mg/dL) 0.18 0.016
Apolipoprotein Al (mg/dL) 0.16 0.034
C3 (mg/dL) -0.18 0.026
Insulin (uUI/mL) -0.24 0.001
Folic acid (ng/mL) 0.22 0.004
Plasmatic Homocysteine (umol/L) -0.16 0.031
Absolute neutrophil count (x10e9/L) -0.18 0.015
Neutrophils -0.16 0.03
Lymphocytes 0.15 0.046
Plasminogen activator inhibitor-1 (ng/mL) -0.16 0.039
Leptin (ng/mL) -0.21 0.006
Salivary antioxidant capacity 4h before sleep -0.17 0.04
Salivary antioxidant capacity 2h before sleep -0.21 0.007
Early nutrition (0 = breastmilk; 1 = formula) -0.23 0.005
SAHS sleep questionnaire (% positive answers) -0.18 0.022
In bedroom at night: television -0.22 0.006
Number of technological devices in bedroom -0.17 0.039
Physical activity (0 = no; 1 = yes) 0.16 0.043
Waking hour during weekend -0.25 0.002
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Variables rho  p-value
Sleep duration during weekend -0.19 0.018
Difference in sleep duration schooldays and weekends (hours) -0.22 0.008
Afternoon snack time during the weekend 0.29 0.008
Mother education - <0.001
Father employment 0.2 0.006
Breakfast/lunch calories 0.22 0.013
Breakfast/afternoon snack calories 0.17 0.047
Breakfast/dinner calories 0.23 0.009

*Spearman correlations adjusted for age, sex and puberty index were performed between the variables,
Spearman’s rho is coloured by intensity and sign of correlation and is presented with the associated p-
value.

The study level of the father was also negatively correlated with anthropometric characteristics of
obesity, in addition to clinical variables such as systolic and diastolic blood pressure. Nine metabolic and
inflammatory markers are improved in the participants in which the father has studied more. It was negatively
correlated with sleep disturbance score, technological devices presence in the bedroom at night, difference
in sleep duration during school nights and weekend nights. Father education level is related to the mother
education level and father employment stability, and finally to the ratio between ratio of calories ingested

during breakfast compared to other meals of the day (Table 23).

The odds-ratios were also calculated for having a father with unstable or no job, the results are
gathered in Figure 53. They show that the children whose father has an unstable or no job have a 7.43 (2.13-
20) times higher probability to present an obese BMI (p < 0.001), 3.76 (1.5-10.14) times to have a high fat
mass for age and sex (p = 0.003), 3.66 (1.46-9.85) times to have a high heart rate (p = 0.003). Regarding
metabolism, the children whose father has an unstable or no job have a 3.33 (1.35-8.53) more odds to have a
HOMA index higher than 3.16 (p = 0.005), 3.23 (1.31-8.18) times more to have a high leptin level (p =
0.008), 4.46 (1.7-13.23) more times to present high insulin (p = 0.001), 2.9 (1.18-7.31) times the probability
to present a high VLDL cholesterol (p = 0.016). Finally, having a father with an unstable or no job increases
0f'4.23 (1.19-20) the odds of having screens in the bedroom (p = 0.021), 3.71 (1.45-9.74) the odds of sleeping
at least 1h30 longer during the weekend night compared to school nights (p = 0.003), and 3.96 (1.51-10.28)
the odds to having separated parents (p = 0.003).
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Figure 53. Odds ratios for father with unstable or no job
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V. 3.

Results

In vitro study of the circadian rhythms of

adipocyte genes: the impact of melatonin

In the present part are presented our results regarding the impact of melatonin on the circadian

rhythms of clock genes, melatonin receptor gene and metabolic genes in human subcutaneous adipocytes.

The relative expression of each gene relative to B-actin is plotted according to the time of the day, and a

cosinor model is built for each condition, as presented in Figure 54.
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Figure 54. Circadian rhythms of clock genes, melatonin receptor gene and metabolic genes in adipocytes, with and

without melatonin

In a second time, the amplitude, the acrophase, and the mesor were compared for each gene in

adipocytes without melatonin (control), and with melatonin stimulation (Figure 55).
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Amplitude of circadian rhythm
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Figure 55. Amplitude, acrophase, and mesor of the circadian rhythms of adipocytes, without and with melatonin

The amplitude was significantly increased in four of the genes: two of the three clock genes studied,
PER2 (p = 0.005) and CRY (p = 0.002), as well as the hormone adiponectin (p < 0.001) and the enzyme
LPL (p < 0.001). As a general tendency, all the genes studied presented an increased amplitude with

melatonin.

No general tendency was found regarding an impact of melatonin on the acrophase or the mesor of

the circadian rhythm of adipocytes genes. In addition, no significant difference was observed.
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V.4. Multivariate analysis

Multiple variables have been observed to vary between the two study groups, from anthropometry,
metabolism, circadian rhythms, life habits and environment. Number of these variables also appear to be
interconnected. Multivariate analysis is employed to deepen the understanding of these interconnections,
identify clusters of individuals sharing similar characteristics, measure how much a combination of external

variables may favour obesity, and illustrate the metabolic footprint of obesity integrating circadian rhythms.
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V. 4.1. From the interconnections between variables correlated
with melatonin to the apparition of clusters of participants

To represent data of interest according to two variables, a two dimensions-plot can be used, and the
data can be represented according to the value they take for the x and y axis. For three variables at a time,
using a 3-D plot is still possible although not very functional and rarely used, but more is impossible with
usual techniques. The principal component analysis (PCA) is a technique which allows to represent multiple
variables in a reduced number of dimensions.

In the present work, we focus on the relationship between melatonin and metabolic health, and we
have observed that melatonin increase rate around sleep onset was correlated with several variables from
anthropometry, metabolism, and life habits. The variables that are calculated from one another are left out of
the analysis (for example, HOMA, glucose and insulin should not be included all together, so only HOMA
was selected), the Kaiser-Meyer-Olkin factor adequacy test was ran and indicated that the leucocytes count
should be left out of the study. In order to identify how many variables should be left out of the study, the

inertia of each dimension is represented (Figure 56).
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Figure 56. Decomposition of the total inertia

The selection of the first three axis appears to be appropriate for further analysis. The amount of
inertia of these three-axis combined is higher than the one obtained by the 0.95-quantile of random
distributions (48.38% against 20.53%), which suggests these three axes contain real information.

Consequently, the description will stand to these three axes.

The variables projections are represented in the two first dimensions in Figure 57.
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PC variables plot
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Figure 57. PCA variables plot

On this figure each variable is represented as an arrow. The variables which are correlated positively
go in the same direction, such as sleep duration, melatonin increase around sleep, and chronotype score. The
negatively correlated go in opposite direction, such as bedtime during schooldays or the presence of mobile
phone in the bedroom. We also see an important number of variables correlated together and with the first

dimension, for instance the HOMA index, waist/height index, BMI-percentile, etc.
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Dim 2 (10.50%)

The participants of the study can also be represented on the same plan (Figure 58). The dots that are
the most on the right of the graph correspond to the individuals who take higher values for the parameters

which arrows point in this direction: HOMA index, waist/height index, BMI-percentile, etc.
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Figure 58. PCA plot of the participants Figure 59. Ascending classification tree in three dimensions

built from PCA results

From this plot, an ascending hierarchical tree is built by connecting the dots by order of distance
until connecting all the dots on the graph (Figure 59). This tree can be represented in two dimensions as in
Figure 59, where three big branches appear, each one formed by a cluster of individuals sharing similar

values for different variables.
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Figure 60. Ascending classification tree from PCA results in two dimensions
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Results

The dots representing the participants can be coloured by cluster (Figure 61), and the average scaled
centred values for each cluster are reported in Table 24. The cluster 1, in dark blue on the graph, is composed
of individuals who present low values for variables like BMI percentile, percentage of fat mass, arm z-score,
waist/height index, weight z-score, leptin, HOMA index, uric acid and y-GT, and high values for the variables
sleep duration during schooldays and melatonin increase rate around sleep time. This cluster corresponds to

the control group.

The two other clusters take high values for anthropometric measures, corresponding to the
overweight and obesity group, although slightly less high in the cluster 2. Nevertheless, what truly
differentiate the two clusters lays in the sleep characteristics such as bedtime and sleep duration during
schooldays, nap habit, and screens exposure, which are clearly opposed in the cluster 2 than in the cluster 3.
Interestingly, the cluster 2 participants, which present high anthropometric markers of obesity but protective
sleep characteristic, also present better metabolic characteristics than the cluster 3 members, although not as

much as the controls.

cluster 1 .
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Figure 61. Three clusters identified by ascending hierarchical clustering and PCA
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Table 24. Scaled variables levels for each cluster

Variables Cluster 1 Cluster 2 Cluster 3
BMI percentile

Percentage of fat mass
Waist/height index
Arm z-score

Weight z-score

Leptin

Uric acid

HOMA index

Retinol Binding Protein

v-GT

Absolute neutrophil count

Leucocytes -4.11 0.46 3.89
Transferrin -3.64 0.371 3.48
Platelets -2.79 0.694 23
Plasmatic Homocysteine -2.47 2.25 0.561
Ghrelin -1.18 -1.23 2.34
melatonin increase around sleep time 4.48 -1.52 -3.33
Chronotype score 1.33 2.92 -4.03
Bedtime during schooldays -3.35 -4.15 _
Nap -1.79 -2.27 3.92
Sleep duration during schooldays 4.75 3.44 -
In bedroom at night: mobile phone -4.61 -1.57

Number of technological devices in bedroom -3.44 -1.01 4.51
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Results

V.4.2.  Predicting obesity from life environment

Life history, habits and environment have been associated to overweight and obesity in numerous
studies including the present one. These variables are now used together to develop a model that can predict
whether a child presents a normal weight or overweight/obesity, based only on life habits, history, and
environment.

A repeated cross validation technique was applied to successively train and test a random forest
algorithm to build the model. The random forest algorithm builds 500 different decision trees, each composed
of some of the predictive parameters, which allows it to perform classification and prediction, but also to
rank the parameters by order of importance for the prediction. The receiver operator curve (ROC) was used

as metrics to set the algorithm.

‘Sleep disturbance score’

‘Sleep quality score’

‘Breakfast/dinner calories'

‘Sleep duration during schooldays'

‘Breakfast time during the week'

‘Physical activity weekend

‘Chronotype score’

‘Dinner time during the week'

‘Sleep duration difference schooldays vs week-ends’

‘Sleep duration during week-end'

‘Father education level’

‘Sport practice frequency"

‘Mother education level’

‘Number of screens in the bedroom’
‘Father employment’ —————o

‘Familiar situation’ o

‘Physical activity practice
‘Delivery type*

‘Early nutrition’

‘Mother employment’
‘Nap habit’
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Figure 62. Scales importance variables for obesity prediction based on life habits
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The accuracy of the model using these variables is of 0.7, meaning that these environmental
parameters allow to predict correctly whether a child from this study has a BMI in the overweight/obesity or
the normal range, in average 7 times out of 10.

The sensitivity of the model is of 0.82, and the specificity of 0.39, in the present case it means that
the algorithm is efficient at correctly classifying children with overweight/obesity but tends to incorrectly
classify the children with normal weight. The variables ranked by importance are shown in Figure 62. The
importances are calculated as the sum of the decrease in error when split by a variable. The relative
importance corresponds to a variable importance divided by the highest variable importance value.
Consequently, they take values from 100% for the variable contributing most to the model, to 0% for
variables which do not contribute.

Here, the most important variable is the sleep disturbance score obtained by the Bruni sleep
questionnaire, followed by the sleep quality score obtained from the short version of the paediatric sleep
questionnaire for sleep apnoea diagnostic. Then comes the breakfast/dinner calories ratio followed by
different life habits times and sleep durations, the chronotype score, physical activity, education levels of
parents, screen devices presence in the bedroom, and father employment status. Finally come the last
parameter which contribute less to the present model: parental situation, physical activity practice, delivery

type, early nutrition, mother employment, and habit of taking naps.
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Results

V.4.3. Metabolic and circadian biomarker footprint of obesity

In addition to the relationship between life environment and obesity, here have been quantified the
metabolic, inflammatory, and circadian modifications associated to obesity. A final model is now built to
integrate these variables modifications together as a metabolic and circadian biomarker footprint of
overweight and obesity. Fifty metabolites quantified in the participants either in blood or saliva were
included in the model. As for the previous part, a random forest algorithm was built, and the same settings
and metrics were applied. The accuracy obtained was of 0.88 with a sensitivity of 0.81 and a specificity of
0.92. The variables and their relative importance are illustrated in Figure 63. Leptin is the variable which
most strongly characterises a sample from a child with overweight/obesity compared to a normal weight
child in our study group. Various classic metabolic and inflammatory markers figure in the upper part of the
list, and melatonin appears around the middle of the list with other obesity parameters such as adiponectin,

omentin, MCP-1.
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Figure 63. Scaled variables importance of obesity metabolic footprint
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VI. Discussion

121



In the present study, we have investigated the relationships between life habits, circadian rhythms of

melatonin and metabolism in childhood obesity.

VI. 1. Melatonin and characteristics of obesity

a)  Melatonin and obesity characteristics in childhood

The primary objective was the analysis of melatonin expression over evening in childhood,
comparing children with and without obesity and overweight. Our observation is that the kinetic of the
circadian hormone is different. Indeed, in participants with obesity, an increase in melatonin levels which
was not present in the control group was observed in the first period of the evening, and a slower increase of
melatonin levels around sleep time was also measured. Consistently, we encountered melatonin increase rate
around sleep to be inversely correlated with anthropometric characteristics of obesity as the percentage of fat
mass or the waist/height ratio. Interestingly, vitamin D levels, associated with healthy light exposure, are
significantly lower in children with obesity. Therefore, a hypothesis could be that children with overweight
and obesity do not spend enough time outside. It is nevertheless to note that no significant correlation was

found between vitamin D and melatonin increase in our study.

However, melatonin increase rate around sleep was also found inversely correlated with metabolic
markers such as the HOMA index of insulin resistance, RBP and uric acid associated with diabetes risk, and
v-GT, associated with hepatic disease. The slower melatonin rate around sleep may result for the organs in a
lower overnight exposure to melatonin, reducing in turn activation of melatonin receptor’s pathways and
inducing insulin resistance as observed on rodents.”® This would be consistent with the available
bibliography on the subject, as cumulative nocturnal melatonin secretion measured in the first morning urine
of 149 adolescents with obesity has been found significantly lower in the individuals with insulin
resistance.’?? In addition, the increase rate of melatonin around sleep was found inversely correlated with
leptin levels. Although some inconsistencies have been found in the studies linking melatonin and leptin,
rodent studies have shown that pinealectomy induces an increase in leptin level, which are lowered
consequently to melatonin supplementation. On the other hand, in ir vitro studies, melatonin has been found
to be downregulated by leptin treatment. Nevertheless, the associations in human between melatonin and
leptin are variable, which may be explained by the diversity of mechanisms involved in their mutual

regulations.'*

Other associations have been found with the increase rate of melatonin around sleep, including
immune factors such as the levels of leucocytes, lymphocytes, neutrophils, platelets, the atherosclerotic risk
factor homocysteine, but not with the studied cytokines (IL-6, TNF-a, IFN-y). Surprisingly, melatonin was
found positively correlated to ghrelin in the studied children, contrary to what was previously reported on

animal models.?’!>5?
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The present associations encountered between melatonin and characteristics of obesity do not
provide indication on which element is the cause and which is the consequence, but reinforces the idea that
melatonin is tightly linked to parameters involved in obesity development. In the aim of investigating whether
it is melatonin which causes modifications of the factors implicated in obesity, we designed an in vitro study

on human adipocytes.

b)  Melatonin and circadian rhythms of adipose tissue transcript: in vitro study

In the adipose tissue, various key metabolic factors display circadian rhythms of expression, such as
enzymes of the lipid metabolism, hormones regulating insulin sensitivity, nutrient transporters, and
transcription factors regulating adipogenesis.'¥3143:141:142 Thege rhythmic expressions depend on the clock
genes and the melatonin rhythmical stimulation, but how melatonin impacts clock genes and clock controlled
genes is only partially understood. On rodents, it was showed that the amplitude of the circadian expression
of clock genes and metabolic gene is altered secondary to pinealectomy.'** In addition, when experiencing
jetlag consequently to travelling to a different time zone, the internal clocks of travellers progressively align
to the new solar time, shifting of about one hour each day.''* These elements suggest that melatonin have the
capacity to influence the circadian rhythm of the peripheral clocks in term of amplitude, and to shift the
acrophase. In the present work, we have investigated the nature of the impact of melatonin on the circadian
genetic expression, in human adipocytes. We cultivated human subcutaneous adipocytes in a medium
supplemented with a concentration of melatonin corresponding to that measured at night in our control group
of children. In these adipocytes compared to the controls, we measured a global increase in the amplitude of
the rhythm in all the genes tested, which was significant for four of the genes: two of the three clock genes

tested, PER2 and CRY, as well as the hormone adiponectin and the enzyme LPL.

A hypothesis is that melatonin may influence the levels of the clock genes through regulating post-
translational components of the clock loop. Indeed, degradation level of Cry protein by the proteasome
depends on a cycle of ubiquitination and deubiquitylation, which consequently regulated the quantity of
protein available for feedback. Researchers have hypothesized that melatonin inhibits the proteasome and
this way interferes with the negative feedback loops involving CRY and PER'®, which is consistent with our

findings.

Regarding adiponectin, the amplitude increase caused by melatonin may explain the discrepancies
observed in previous studies. Indeed, some studies report that melatonin upregulate significantly adiponectin
levels, while other studies report the contrary, or no effects.'*® It is therefore possible that a melatonin-
induced increase in adiponectin amplitude of expression would result, according to the time of the day at
which adiponectin is measured, in an increased, decreased, or unchanged expression. The increase in LPL

amplitude is also consistent with literature, which states that nocturnal LPL activity reflects the insulin
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sensitivity of the adipocytes in that period of the day in which cholesterol synthesis is regulated by insulin,

in association with melatonin activity.>>

As the amplitude increase in the circadian expression of the leptin gene was not found significant,
the present in vitro study provides no information on the cause/consequence mechanism underlying the

association observed between these two parameters in childhood obesity.

In parallel, we observed no modifications of the acrophase nor the mesor. In other words, no temporal
shift of the rhythm was measured in the rhythm of expression of our adipocytes cultivated with melatonin.
Further studies investigating the effect of punctual melatonin stimulations, at different times, durations, and
concentration, are indicated to complete the understanding of the influence of melatonin on peripheral
oscillating genes. This would constitute strategic advances in chronomedicine. In future studies, it may be
strategic to apply a glucocorticoid shot to the cells before cultivating them with or without melatonin in order
to synchronize the all the cells together’>, and therefore limit the potential bias of loss of synchrony of cells
after several days in culture. Plus, new studies comparing the effects of melatonin with the one of other
antioxidants may be interesting to identify whether the observed increase in the amplitude of transcript is
linked with melatonin’s specific pathway, or to its general antioxidant activity. Finally, melatonin has been
previously shown to inhibit the proliferation and differentiation of adipocytes through inhibiting PPARY.
Here, no clear effect of melatonin on PPARy and C/EBP was observed, indicating that a longer period of
contact with melatonin may be needed to encounter these effects, and measure whether the impact of

melatonin on these factors consists in fact of a modification of their rhythm of expression.

In summary, the present in vitro study comes in complement of the study in children by bringing an
indication that melatonin at the concentration measured in children can have an impact on physiological
factors. The nature of the impact measured consists in an increase in the amplitude of the rhythms (Figure
64), which constitutes a reinforcement of the rhythmic variations in the adipose tissue. This strengthens the
idea that the integrity of melatonin expression is necessary to maintain homeostasis. In this sense, it appears
relevant to identify the behaviours and environmental parameters which are associated with a healthy

melatonin expression.

Genetic expression

Time

Figure 64. Increased amplitude of genetic expression in adipocytes cultivated with melatonin
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c) Melatonin and life habits and environment

In our paediatric cohort, we have also observed that the expression of melatonin is linked to life
habits and sleep environment. To begin, we analysed the relationship between melatonin and the light
exposure during the night associated to screen devices. As other investigators®>®, we chose to ask only the
presence of screens in the bedroom, estimating the participants were more likely to tell the truth than if they
had been asked about their nocturnal use of these devices. It was conclusive, as melatonin increase rate
around sleep was found inversely correlated with the number of screen devices in the bedroom at night. As
previously published, light exposure even a light pulse around bedtime inhibits melatonin expression.'**23¢
Consequently, it is logical that screen exposure around sleep can induce a delay and flatten the melatonin

curve (Figure 65), resulting in a lower melatonin increase rate around sleep as we observed, and an overall

decrease in melatonin nocturnal production as previously reported.?’

Figure 65. Nocturnal exposure to light alters melatonin expression

Among the electronic devices in the bedroom, only the mobile phone was found significantly
associated with lower melatonin. This association can be explained by the normalized automatic and frequent
behaviour of notification checking®®, which is particularly associated to moments of inoccupation, boredom
or loneliness feeling??, which are typically encountered around bedtime. When the mobile phone is present

260 at minimal

in the room, it is classically on the nightstand, making accessible an instantaneous gratification
movement cost at hand reach even while staying in bed. Among the screen devices present in the room, the
mobile phone is therefore probably the most systematically turned on at night, and consequently the most

directly related to melatonin inhibition.

The relationship between sleep and melatonin has evolved in the modern era. Ancestrally, the sun
was the only blue light zeitgeber. Melatonin expression started raising at dusk, which prepared the organism
for sleep. Nowadays, it is frequent for humans to be exposed continuously to blue light until closing eyes to

sleep. This short-circuit makes sleep not only an output, but also an input of the clock.?*' Consequently, later
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sleep onset delays and reduces the exposure of the organs to melatonin, as previously observed.?’ In our
present study, we also found the increase rate in melatonin around sleep to be negatively correlated with
bedtime during both the week and the weekend. A positive correlation was found with sleep duration, and a
positive correlation with the nap habit, which suggests that not only sleep duration is shorter, but insufficient

compared to the children and adolescents needs in the children with low melatonin rate.*®?

In the present work, we did not find statistically significant correlation between melatonin increase
around sleep and the timing of meals. However, we did encounter that the more the children eat during
breakfast compared to later meals (morning snack, lunch, dinner), the stronger is their nocturnal melatonin
increase rate. This may be explained by an increased hunger feeling in the morning in the children with higher
melatonin increase rate around sleep onset. Indeed, among the questions of the Horne and Ostberg chronotype
questionnaire'34, several questions concern the hunger feeling in the first thirty minutes after waking up, and
we also found this chronotype score associated with melatonin increase rate around sleep. It appears therefore
coherent that children with an early chronotype also have an earlier melatonin onset, as previously observed

in adults in sleep laboratory®®, and in the morning, feel hungrier than their late chronotype friends.

Melatonin, as most of the health parameters and habits studied, evolve with growth. For example, the
melatonin peak of expression lowers with age, and in parallel, children go to bed later when they get older.
Consequently, without adjusting the correlations as we did here for age and puberty index, the association
between melatonin and bedtime may have been just the reflect of the age variability in our cohort. The fact
that even once adjusted, we still encounter that the children with obesity present circadian characteristics of
individuals older than their age may therefore be of interest. Indeed, it is considered that numerous tissues of
individuals with obesity present an accelerated aging.?%* Therefore, it would be interesting to analyse whether
this process also applies to the circadian system, and verify whether even during childhood, melatonin levels

in obesity indeed correspond to those of older individuals.

Finally, the correlation encountered here with melatonin are statistically significant, with diverse and
numerous parameters, but are of a relatively low strength. A possible interpretation is that melatonin may at
the interface between external and internal parameters forming together a multivariate network of regulation
of the organism’s health. In addition to melatonin’s links in this network of interactions, we also analysed

the characteristics of obesity that were associated with chronotype, life habits, and life environment.
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VI. 2. Chronotypes, habits, environment, and
characteristics of obesity

a) Chronotype

Unlike melatonin, the chronotype score obtained from the Horne and Ostberg morningness and
eveningness questionnaire'** was not found correlated with any of the anthropometric parameters analysed
in this study, and the chronotype classification distribution was similar in the control and obesity groups.
Similarly, a recent meta-analysis gathered different studies investigating chronotype and obesity in
adolescence, and although a trend between eveningness and overweight was observed, it was not found
significant.?® Nevertheless, we did encounter positive correlations between chronotype with kidney’s health
markers, and negative correlations with inflammation markers. In parallel, various parameters of life habits
characteristics were found associated with chronotypes. For instance, the earlier the chronotype, the lower
the sleep disturbance score, an association which had been previously been reported in childhood.?®® In our
cohort, earlier chronotype also correlated with earlier bedtimes during both the school days and the weekend,
and an earlier wake-up time during the weekend. The participants with late chronotypes on the other hand
presented stronger social jetlag. They also take later breakfast during the weekend, and globally a smaller
proportion of the nutritional intake during this first meal compared to the rest of the meals. Finally, late
chronotype is also correlated with the number of screen devices present in the bedroom at night, in particular
television, console, and tablet. In childhood, many habits are strongly influenced by the home context,
parental own habits, and decisions, leaving to the children a relatively small room for manoeuvre in terms of
schedules. Therefore, on one hand, the associations we encountered may reflect that the children’s
chronotypes are influenced and delayed by the later timing of activities at home and the presence of screen
devices in the bedroom. On the other hand, these links may illustrate that the late chronotype of the children
drives them towards later behaviours regarding the aspects that they decide themselves. For instance, they
are more likely to be able to influence weekend sleep timings or whether they will eat a lot for breakfast,
rather than the lunch time or wake up time during the week. A combination of these two aspects may result
favouring social jetlag, a repeated misalignment between the inner time of the organs and the time at which
they are stimulated. This may trigger a rise in inflammation like the one measured here, and possibly in the
longer term, more general metabolic and anthropometric effects, which could explain why they were

observed in adulthood but not here.

b)  Dinnertime

In our study, late dinnertime is associated with metabolic alterations including elevated glucose and
decreased iron levels, two elements classically encountered in obesity. Although the timing of nutritional
intake is known to regulate the digestive clocks, in the present study dinnertime was not found linked with

melatonin, with chronotype score, with BMI nor with the anthropometric characteristics. Although, as the
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children with obesity studied in this work are currently undergoing an interventional program with a
nutritionist, it will be interesting to see if, as previously reported in adults'?’, the individuals with earlier meal
times lose weight more efficiently. In parallel, we unsurprisingly measured that the later the individuals have
dinner the greater is their time amplitude of nutritional intake. Lately, studies tend to show that the opposite,
early time-restricted feeding, is associated with healthier metabolic markers and lower weight.?*’ 2 In
parallel, the later the individuals ate dinner, the less they would eat during the early meals (breakfast or
morning snack) in regards with the other meals. The late dinner time during the school week was also
encountered associated with later afternoon snack, lunch time, and dinner times during the weekend. This
suggests that in certain families, for each meal which is not pressured by the work and school schedule, the
timing will be consistently later than in other families who eat consistently earlier over the different meals.
Finally, we also could observe that individuals with later dinnertime also have later bedtime during

schooldays, and logically, with shorter sleep duration.

C) Sleep duration

In addition to the mentioned relationship with melatonin levels, we also encountered a tight link
between sleep duration and the characteristics of obesity. Indeed, BMI, waist/height index, the percentage of
fat mass, but also the diastolic blood pressure, are found lower in individuals with longer sleep duration. In
addition, the metabolic characteristics such as glucose, atherogenic index, VLDL -cholesterol and
triglycerides, but also inflammatory characteristics as PAI-1 and MCP-1 are better in individuals with longer

sleep. These findings are in line with previously published works?*!°

, and come complementing the paediatric
bibliography on this subject. As already mentioned, the sleep duration is linked with other life habits such as
the timing of nutritional intakes. In addition, the shorter the sleep duration during the school week, the
stronger the social jetlag, measured as the number of hours of difference in sleep duration between school
days and weekend. At epidemiological levels, social jetlag has been shown associated with obesity.'”®
Finally, sleep duration was found shorter when the number of technological devices with screens were present

in the bedroom, an element which has already been published.?>>*7

d)  Screen exposure

Indeed, we observed that the presence of one or more screen device, including mobile phone, TV,
tablet, console, or computer, was a risk factor for obesity, insulin resistance, and high leptinaemia,
consistently with what previously published.?”® It also multiplies by almost 6 the probability to be a late
chronotype and have late life habits timings of sleep and nutrition. Children with screens in their bedroom
also present signs of insufficient sleep such as a higher prevalence of nap and longer weekend sleep recovery.
Although weekend sleep recovery allows to partially recover from sleep insufficiency in regards of metabolic

and inflammation markers®’!-%7

compared to individuals who do not even recover during the weekend,
alterations still remain visible compared to individuals with adequate sleep.?’®?”° These elements, together
with the present work, comfort the necessity to increase the prevention towards excessive screen device use

in childhood, and more particularly in the times and spaces dedicated to sleep. Previous studies showed the
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parental education level to be related with the children’s screen devices use.”®*! In the present study, no
significant association was found between the mother nor the father’s education level with the presence of
screen devices in the child’s bedroom. Nevertheless, the presence of screen devices in the children’s bedroom
was found significantly associated with the father being unemployed and the parents being separated, in line
with what has been previously published on a Portuguese epidemiological study.?** The link between screen
exposure and parental separation may be explained by at least three different mechanisms. Indeed, parents
which themselves have a high technology use are more likely to be permissive with their children, yet high
screen use can increase the probability to get divorced®. In addition, “telepresence”, or the technological
communication with the parent which does not have the custody after the divorce also increases the time in
contact with screen devices in the family.?®* Finally, divorced parents and helping grandparents may be more

permissive and more inclined to authorize and buy technological devices to the children.?®’

e) Familiar context

Studies show that in 2020 in western countries, the repartition of household’s tasks is still unequally
reparteed between the parents, with higher percentages of fathers with stable employments and higher pays
than mothers. Consequently, divorce or separation results in a lower income in the mother’s household and
a higher probability to cross the poverty line, in particular in women with a low education level.?**?%7 The
mothers are usually in charge of the children and their health, as we could observe in the recruitment and
follow up of the study participants. Indeed, the nutritionist of our team, who performs a longitudinal study
on 121 children from the obesity group, estimates that about 10% of the children come accompanied by the
father, 5% by the grandmother and 85% by the mother. When asked for a contact number, in 100% of the
cases the mother’s number was given, which underlines that they are in charge of this aspect of their lives.
Plus, in our study, no relationship was found between the mother’s employment status and the child’s health
characteristics, whereas the father’s unemployment situation constitutes a risk factor to the child’s BMI, fat
mass percentage, high heart rate, high insulin resistance, leptinaemia and VLDL cholesterol. It also multiplies
by 4 the odds to have screens in the children’s bedroom, to present social jetlag, and finally to be separated
from the mother. These results support the idea that the fathers are more often in charge of the family incomes.
Their precarious work situation is associated with lower socioeconomic status, in which obesity and
metabolic disorders are more prevalent even during childhood.?®® In addition to the economic context, the
education levels of the parents and health awareness is known to be linked to the children’s health.?%2%
Here, both maternal and paternal high education levels appear as protective factors regarding the
anthropometrics and metabolic characteristics of obesity. Consistently with literature, the children of highly
educated mothers were more likely to have been breastfed”', an element which is protective of obesity. In
addition, our findings suggest that high education levels in the father as well as the mother have a positive
influence on life habits and their timing, being associated with physical activity practice and higher nutritional
intake during breakfast compared to the later meals. Regarding sleep, children whose parents have higher
education levels have a better sleep quality and less need for weekend recovery sleep. Father’s high education

level and stable employment status appear to reduce the probability of the children to have screens in their
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bedroom. Together, these results are in line with the previously published works linking socioeconomic
context with sleep and metabolic health. Therefore, our findings support the relevance of sensibilization

initiatives promoting parental awareness around sleep.?'®

In summary, the present work show that numerous associations exist between elements from life
habits, circadian rhythms, and metabolic health. Far from being isolated associations, they appear to cross

with one another, and to form a network of interconnected parameters.

VI. 3. Network of elements linking habits,
circadian rhythms, and metabolism in obesity

While a few decades ago the norm in medical research was to focus mainly on one marker, technical
and statistical advances now allow to integrate massive amounts of data and to include multiple variables in
a same analysis. Multivariate analysis and machine learning are now more and more frequently used in the

fields of obesity and sleep research.?%>*

In the present work, principal component analysis has been performed to represent all together the
different variables correlated with nocturnal melatonin increase rate. Thanks to this method, the study
participants were clustered in three groups of individuals sharing similar characteristics. Three clusters
appear, among which one takes low values for the anthropometric characteristics of obesity, and two
subgroups of individuals presenting higher values for these parameters. Among these last two clusters, one
was composed of individuals with better metabolic and inflammation outcomes than the other group.
Interestingly, in this metabolically healthier group, the participants also presented earlier bedtime, less nap
habit, a longer sleep duration during schooldays, less technological devices in the bedroom and an earlier
chronotype compared to the other group. This supports the hypothesis that among individuals with obesity,
earlier chronotype and better sleep quality and duration may prevent comorbidities development. Plus, over
the three groups, the lean individuals shared healthier metabolic characteristics in addition to higher
melatonin increase rate around sleep, longer sleep duration and lower exposure to screens. Although the
correlations between these elements were previously mentioned individually, the clustering allows to

represent the data in a manner that evidences the interrelationships existing between the studied variables.
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Figure 66. Algorithm predicting obesity based on life habits, personal history, and environment
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In order to deepen the comprehension of this network of parameters of life habits, circadian rhythms,
and metabolism, in obesity development, we employed another modern tool: the machine learning algorithm
called random forest. As shown previously, classifying algorithms including this one can be used to predict
obesity based on life and health variables such as estimated energy intake and expenditure, parental BMI,
cholesterol...?**2% In the present work, we have chosen to create a similar model integrating only external
elements such as life habits quantity, quality, and timing, and sociodemographic context (Figure 66). This
narrower selection of predictive variables could be relevant in the perspective of identifying which groups of
elements are the most likely to promote BMI increase, and therefore should be prevented in priority. Our
model has a regular accuracy but does to many false positives to be satisfying. In theory, if in a similar model,
someone was able to integrate perfectly accurate measurements of life behaviour and context, as well as all
the genetic, epigenetic, and microbiotic characteristics associated to obesity, he may reach 100% of accuracy.
Even without reaching this level, the integration of objectively assessed life characteristics may provide a
more accurate model, more reliable to estimate the relative importance of the different factors. Therefore, the
present algorithm constitutes more a proof of concept rather than a strong source of information on the
importance of life characteristics. Nevertheless, tendencies appear, such as a very low importance of early
childhood characteristics such as early nutrition and delivery type. More surprisingly, the physical activity
practice was also found among the poor predictors of obesity in this analysis. Among the analysed factor,
father employment and both parental education were among the factors that contributed moderately to the
model. At a similar level of contribution were encountered the screens in the bedroom, the social jetlag, sport
practice frequency and dinner time. Other parameters contributed more, including chronotype, sleep duration
during the school week and the greater food intake during an early meal than a late meal. Interestingly, the
two variables that were found the most helpful for the algorithm to classify the participants, are the scores of
sleep quality and disturbance. Although they may be the consequence of obesity and not its cause, sleep can
quality and duration can be improved by increasing the awareness on the importance of sleep for health.
Therefore, this finding supports the importance of promoting sleep sensibilization.

Even at its modest scale, the present model shows that the integration of self-reported timing of life habits as
well as sleep characteristics influence the organism’s health to the extent that they are useful, although

insufficient to predict if the individual with these characteristics presents obesity.

As we saw, random forest algorithms can be used to predict a condition from risk factors and return
the ranking of importance of the risk factors. They can also be used to identify the biomarkers of a condition,

as well as a similar ranking.

The biomarkers of obesity are numerous, new ones are frequently discovered, often among metabolic
or inflammatory factors either promoting or affected by the disease. In this study, we have measured that
melatonin increase around sleep is modified in children with obesity, therefore we are interested to know
whether it could be considered as one of its biomarkers. We therefore developed another algorithm

classifying obesity, which this time integrated the fifty biochemical parameters measured in the plasma of
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the participants, as well as the parameter melatonin increase rate. The obtained ranking of metabolites
importance showed that our melatonin parameter was not among the top elements as leptin, classic low-grade
inflammatory markers, or insulin resistance. Nevertheless, it was found around the half of the list, at the same
levels as omentin and adiponectin, key metabolic markers produced by the adipose tissue, and above other
classical markers such as LDL cholesterol, total cholesterol, glucose, or apolipoprotein B. This finding

supports the hypothesis that nocturnal melatonin increase may constitute a biomarker of obesity in childhood.

Overall, these different multivariate approaches strengthen the idea that life habits, circadian rhythms
and metabolic health parameters are interconnected. The present work proposes an original and integrative
approach of the study of childhood obesity, nevertheless, several limitations need to be underlined, from

which future directions of studies will rise.

VI. 4. Limitations of the study and future study
directions

To begin, the study design being transversal, the results can only be associations and correlation,
but no causality relationships can be shown between the study variables. In particular, whether the evolution
of nocturnal melatonin expression is a cause or a consequence of obesity, or if both are consequences of a
same origin cannot be concluded from the present work. Obviously, in human compared to animal models,
there are more limited possibilities of studies which can demonstrate the role of an element by removing it
(pinealectomy) and replacing it (melatonin supplementation). Therefore, many of the important discoveries
of the field of circadian rhythms and metabolism have been made studying rodent models. Nevertheless,
when it comes to the influence of life habits, the animal models are of limited support, hence the relevance
of performing studies in humans, even of transversal design. Harder to perform on large groups and using
numerous indicators, the longitudinal studies are however very informative. In our group, we are currently
investigating the effect of life habits changes on melatonin levels and metabolic health, through a
nutritionist’s intervention aiming to accompany the patients with obesity and their families towards engaging
in healthier nutritional habits, increased physical activity, and improved sleep context and preparation. In
complement, in vitro studies as the one presented here can be performed to understand better the
interrelationships between melatonin and circadian variations of clock and metabolic genes. Although a
significant and redundant increase was observed in the amplitude of thythmic expression of clock genes and
metabolic genes, our study does not bring information on the metabolic pathway involved in this
modification. It should be replicated analysing the activation status of possible elements involved in this
regulation such as the proteasome pathway, as previously suggested.'® Plus, as mentioned, melatonin effect
may be analysed after a longer incubation period, with only punctual melatonin stimulations at different times

of the day and different concentrations, but also controlling with other antioxidant molecules.
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Regarding melatonin measurement in children, the present work confirms that the nocturnal
increase can be assessed thanks to an autonomous sample collection at home by the child helped by a
caregiver. This method permitted to quantify a significant increase of melatonin salivary levels in both control
and obesity groups over evening, and to identify a difference between the groups. Regarding the application
of the method, it is to note that some participants did not provide a sufficient volume, not well sealed and
light-protected sample, did not collect saliva, or forgot to bring it. Although the investigators contacted the
caregivers of these participants to schedule a new saliva collection, only part of them complied so in the end,
19% (51 out of 263) could not be included in the analysis because of the absence of melatonin measurement.
This constitutes a relatively high proportion of the participants, which should be aimed to be reduced in future
studies. For instance, providing an infographic document explaining the process by illustrations, as well as a
little container to transport the samples in the dark, may improve the adherence to the sample collection. In
addition, other types of tubes may be more appropriate for the collection of saliva. Finally, if this saliva-

collection practice becomes more common, the patients may get used and adhere more easily.

Another limitation of the present saliva measurement method is that it does not provide the time of
melatonin onset, which is the most widely used characteristic of melatonin in literature. More frequent
measurements would be necessary to obtain this information, for example at 30minutes of interval from the
afternoon to one hour after sleep, as done previously.?’” In addition, if we aimed to measure all the peak,
including the time and quantity reached at the acrophase, measurements would have to be done all night long.
This would be more laborious and uncomfortable for the participant, impact negatively sleep and risk to
decrease more the adherence. In addition, it would make the experiment considerably more expensive.
Nevertheless, if methodological advances allow to perform this kind of experiment with reduced negative

impact on the patient, it will be an ideal way to analyse melatonin variations.

It is to note that the continuous measurement of peripheral temperature constitutes another manner
to monitor circadian rhythm reliably and conveniently. Indeed, it does not implies sample collection so it is
handier for the participants, nor laboratory work which makes it cheaper.?*® In addition, this kind of wearable
device can also be used to collect other relevant data for studies on circadian rhythms and obesity. For
instance, environmental light exposure as well as actigraphy, a technique that records the movements of the
individual wearing the device. It has shown useful to measure physical activity but also sleep quality and
even sleep stages, although not yet as accurately as the gold standard: polysomnography. Nevertheless, they
constitute a promising lead considering the benefits of wearing a wrist or finger device in daily life context,
instead of doing a polysomnography in a sleep laboratory. In addition, heart rate measurement over day, and
even electrocardiograms can be performed by wearables. These technologies are now integrated in
smartwatches used by the public and researchers, as the Fitbit, Apple watch, or Withings.?** ! Even smart
rings exist and are used in investigation projects, as the Oura ring which can measure the menstrual cycle.>”
These devices provide access to objective measures continuously collected during days, months, or even

years. These measures concern external factors and behaviours such as light exposure, sleep, physical
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activity, but also internal measurements such as skin temperature and cardiac activity. Plus, smartphone
applications now can be used to obtain the time and duration of use, which can be monitored for personal
awareness and for research purpose. These elements constitute a revolution compared to the traditional
questionnaires on sleep, physical activity, or screen exposure (in annexes) and single-time measurements of
cardiac activity as we performed them in the present study. Therefore, in our group’s next study, wearable

devices are being used.

Despite these recent advances, one element remains harder to monitor accurately: the nutritional
intake. In our work, the three days recording of mealtimes and content was often done inaccurately, writing
a posteriori the menus of the last three days instead of during or just after a meal, and the results were
dependant on the parental (and in particular the maternal) education level. Other studies have employed
similar nutrition diaries but on smartphones and adding pictures of every food consumed. In addition to
providing accurate mealtimes, these smart diaries may increase adherence and reliability of the information
provided on food intake, as applications developed for this purpose encounter a great success. Nevertheless,
contrary to a wearable which automatically records movement, completing a nutrition diary is still laborious

and the accuracy still depends on how well the user completes it.

Besides the quality and quantity of data obtainable on an individual with these new materials, the
quantity of individuals on which these data are generated is also compelling. Indeed, since their creation a
few years ago, wearable’s market has exploded, reaching in 2021 more than 150 millions of shipping units
all over the world, of which one third are Apple watches.**® In parallel, MyFitnessPal, one of the most popular
apps for nutritional follow-up, has received 30 638 reviews to date on the AppStore, which implies number
of downloads over 200 000.3* It is to note that the apps associated to the wearables or monitoring nutritional
intake usually integrate other self-reported information such as height and weight. Plus, among the companies
gathering these enormous amounts of information on human life habits and health, some as Apple claim to
be leaders in data protection and never sharing them for marketing purposes®”, whereas others like
MyFitnessPal clearly informs that the data will be collected, used, and transferred for commercial
purposes.’*® This high volume of high quality data can subsequently be integrated in machine learning models
like the ones presented here, but in the aim of accurately identifying marketing targets. By comparison, the

number of individuals included in the present study is extremely small.

A high number of individuals permits to build more accurate machine learning models, and to refine
the analysis by subgroups. For instance, in the present study, the age range is wide, and many parameters
evolve during this life period. In a bigger cohort, the relationships between life habits, circadian, and
metabolic markers could be analysed for each age-range and puberty index. This would help building more
personalized recommendations for health prevention. A sub-analysis for which we already have a sufficient
amount of data is the influence of sex on the network of parameters measured in this study. It will be

proximately performed by our team.
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As another limitation of the present study, some important parameters in the regulation of behaviours
influencing metabolism were not investigated. For instance, no psychological characteristic was measured,
despite its importance in the regulation of physical activity practice, sleep, and more particularly nutritional
intake. Interestingly, it appears that when biologists propose models of body weight regulation, they include
metabolic and mechanic parameters397-3% whereas when psychologists do the same exercise, the parameters
that they underline are the self-observation (including self-weighing), and the healthy-lifestyle
awareness.30%31° Both of these approaches appear relevant and complementary, underlying the importance to
promote multidisciplinary research. In addition, numerous studies show the link between disruption of
circadian rhythms and/or insufficient sleep with anxiety, bipolar disorders, and depression.’!! In parallel, the
individuals with obesity are also more at risk for these psychiatric outcomes, which supports the relevance

of integrating the psychological status in the network of parameters interconnected and evolving in obesity.

Finally, only limited information was collected regarding the familiar context and socioeconomic
environment in which the children were growing. In previous studies which used machine learning to predict
obesity, it was observed that the parental BMI was among the most important predictors.?**2°® Considering
the links we encountered between life activities timing and obesity, and that in childhood the schedules are
mostly driven by the parents, it would be interesting to test the link between parental chronotype, life habits
timing at home, and relationship with the children’s metabolic health. Regarding the familiar context we
included education and work stability but did not have more information regarding the household incomes.
No data was collected either regarding the socioeconomic characteristic context neighbourhood in which
they live, nor whether it is located in an urban, peri-urban or rural area. Although it was not quantified, the
present study was conducted on groups mainly composed of Caucasian individuals. Studies integrating a
larger number of individuals of diverse ethnic origins may be useful to assess possible variations and improve

prevention efficacy.

In summary, from the molecular to the societal scale, all the elements described are interconnected.
They form a network, which in the context of obesity, is modified. Some studies investigate in detail the
relationship between specific elements of health. Other works connect numerous elements together and build
a model to aim to globally understand health. Together, these complementary approaches allow the
generation of accurate and integrative models. This study reinforces the multidimensional model associated

with obesity and underline the importance of the timing in health.
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The melatonin increase rate around sleep time was found significantly lower in the group presenting
childhood obesity. This modification was found associated with different risk factors as
anthropometric (higher body mass index, fat mass percentage, and waist/height index), metabolic
(increased HOMA index, ghrelin, leptin), later chronotype, life habits (later bedtime, shorter sleep
duration, later repartition of caloric intakes over meals), and environmental factors (more screen

devices in the bedroom).

In human adipocytes stimulated with melatonin, an increase was observed in the amplitude of the
circadian expression of clock genes and metabolic genes.

The melatonin measurement method using three saliva samples over evening showed functional for
the assessment of melatonin increase rate around sleep time.

A correlation was found between the chronotype and numerous factors: the earlier the chronotypes,
the healthier the metabolism (lower creatine and albumin, higher transferrin) and lower
inflammation (IFN-y, TNF-a), healthier life habits (earlier bedtime, longer sleep duration, less social
jetlag), and environmental factors (less screen devices in the bedroom, more stable work situation
of the father).

The sleep duration was found negatively correlated to obesity through anthropometric (lower BMI,
fat mass percentage, and waist/height index), clinical (lower diastolic blood pressure), metabolic
(lower glucose, triglycerides), inflammatory factors (lower PAI-1, MCP-1), life habits (less social
jetlag, earlier bedtime, shorter time amplitude of nutritional intake, earlier meals times and
repartition of the nutritional intake over meals) and environmental factors (less screens in the
bedroom).

The dinnertime was found positively correlated to obesity through metabolic (higher glucose and
albumin, lower iron), life habits (shorter sleep duration, and longer time amplitude of nutritional
intake, later meals times and repartition of the nutritional intake over the meals).

The nocturnal screen exposure was found positively correlated to obesity through anthropometric
(higher BMI, fat mass percentage, and waist/height ratio), metabolic (higher HOMA index, leptin),
chronotype, life habits (more napping, social jetlag, and late bedtime) and environmental factors
(unemployed father, separated parents).

The parental sociodemographic characteristics were found linked with obesity, as lower study
levels of the parents, unstable employment of the father were correlated with anthropometric (higher
BMI, fat mass percentage, and waist/height ratio), clinical (higher systolic and diastolic blood
pressure levels), metabolic (higher HOMA, triglycerides, leptin, vLDL), inflammatory (higher C3,
PAI-1), life habits factors (poorer sleep quality, more social jetlag, lower physical activity, more
formula milk as early nutrition, later repartition of the nutritional intake over the meals), and

environmental factors (more screen devices in the bedroom).
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e A clustering analysis revealed that the group of children with obesity and overweight was composed
of two subgroups. In one of them compared to the other, the children with obesity and overweight
presented better metabolic health characteristics in parallel of earlier bedtime, less nap habit, a longer
sleep duration during schooldays, less technological devices in the bedroom and an earlier
chronotype.

e A prediction model of obesity based on life habits and environmental factors underlined that
obesity is associated with sleep quality, life habits timing, and the repartition of the caloric intakes
over meals.

e A biomarker model showed that melatonin increase rate around sleep was not among the stronger
markers of obesity (leptin, C3, HOMA index, hs-CRP), but that it was one on the same level as

classic markers such as adiponectin, omentin, ghrelin, or glucose.

As a general conclusion, in the present study, a relationship was found between life habits,

melatonin variations, and metabolic disorders in childhood obesity (Figure 67).

Figure 67. Network of relationships between life habits, melatonin variations, and metabolism
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La tasa de aumento de melatonina alrededor de la hora de dormir se encontr6 significativamente
mas baja en el grupo presentando obesidad infantil. Esta modificacion se encontrd asociada a
diferentes factores de riesgo como antropométricos (mayor indice de masa corporal, porcentaje de
masa grasa e indice cintura/talla), metabolicos (aumento del indice HOMA, grelina, leptina),
cronotipo mas tardio, habitos de vida (hora de acostarse mas tarde, menor tiempo de suefio).
duracién, reparto posterior de la ingesta calorica durante las comidas) y factores ambientales (mas

dispositivos de pantalla en el dormitorio).

En adipocitos humanos estimulados con melatonina se observo un aumento en la amplitud de la
expresion circadiana de genes reloj y genes metabolicos.

El método de medicion de melatonina utilizando tres muestras de saliva durante la noche resulto
funcional para la evaluacién de la tasa de aumento de melatonina alrededor de la hora de dormir.
Se encontré una correlacion entre el cronotipo y numerosos factores: cuanto mas tempranos los
cronotipos, mas saludable el metabolismo (menor creatina y albiimina, mas transferrina) y menor
inflamacion (IFN-y, TNF-a), habitos de vida mas saludables (acostarse mas temprano, mayor
duracién del suefio, menos jetlag social) y factores ambientales (menos dispositivos con pantalla en
el dormitorio, situacion laboral mas estable del padre).

La duracién del suefio se correlaciond negativamente con la obesidad a través de factores
antropométricos (menor IMC, porcentaje de masa grasa e indice cintura/talla), clinicos (menor
presion arterial diastolica), metabolicos (menor glucosa, triglicéridos), inflamatorios (menor PAI-1,
MCP-1), habitos de vida (menos desfase horario social, acostarse mas temprano, menor amplitud
temporal de la ingesta nutricional, comidas mas tempranas y reparto de la ingesta nutricional entre
las comidas) y factores ambientales (menos pantallas en el dormitorio).

Se encontré que la hora de la cena se correlacion6 positivamente con la obesidad a través de habitos
metabdlicos (glucosa y albumina mads altos, hierro mas bajo), habitos de vida (duracion del suefio
mas corta y mayor amplitud de tiempo de la ingesta nutricional, mas tardias comidas y reparto de la
ingesta nutricional entre las comidas).

La exposicion nocturna a las pantallas se correlacion6 positivamente con la obesidad a través de
factores antropométricos (mayor IMC, porcentaje de masa grasa y relacion cintura/estatura),
metabolicos (mayor indice HOMA, leptina), cronotipo, habitos de vida (mas siestas, jetlag social y

hora de acostarse) y factores ambientales (padre desempleado, padres separados).

Las caracteristicas sociodemogriaficas de los padres se relacionaron con la obesidad, ya que menor
nivel de estudio e inestabilidad laboral del padre se correlacionaron con factores antropométricos
(mayor IMC, porcentaje de masa grasa y relacion cintura/talla), clinicos (mayor presion arterial

sistolica y diastolica). hipertensivos), metabdlicos (mayor HOMA, triglicéridos, leptina, vLDL),
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inflamatorios (mayor C3, PAI-1), factores de habitos de vida (peor calidad del suefio, mas jetlag
social, menor actividad fisica, mas leche de formula como nutricién temprana, posterior reparto de
la ingesta nutricional a lo largo de las comidas), y factores ambientales (mas dispositivos con pantalla
en el dormitorio).

Un analisis de conglomerados reveld que el grupo de participantes con obesidad y sobrepeso estaba
compuesto por dos subgrupos. En uno de ellos en comparacion con el otro, los participantes
presentaban mejores caracteristicas de salud metabdlica en paralelo a acostarse mas temprano,
menor habito de siesta, mayor duracion del suefio durante la jornada escolar, menos dispositivos
tecnologicos en el dormitorio y un cronotipo mas temprano.

Un modelo de prediccion de la obesidad basado en habitos de vida y factores ambientales subrayé
que la obesidad esta asociada con la calidad del suefio, el momento de los habitos de vida y el reparto
de las ingestas caloricas entre las comidas.

Un modelo de biomarcadores mostrd que la tasa de aumento de la melatonina durante el suefio no
estaba entre los marcadores mas fuertes de obesidad (leptina, C3, indice HOMA, hs-CRP), pero

estaba al mismo nivel que los marcadores clasicos como adiponectina, omentina, grelina o glucosa.

Como conclusién general, en el presente estudio se encontré una relacién entre los habitos de

vida, las variaciones de melatonina y los trastornos metaboélicos en la obesidad infantil.
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Annexes

Annex Q1. Informed consent

Hospital Universitari
Doctor Peset

CONSENTIMIENTO INFORMADO

ESTUDIO OBESIDAD Y SUENO HOSPITAL PESET/UV

Investigador Principal: Vanessa Martin Carbonell

(DI A T = OO (Nombre y apellidos del
padre/madre/tutor), con DNl........cccccevvenrrereennne. en nombre y representacion del paciente
............................................................................ (Nombre y apellidos del nifio/a) con DNI

e He recibido y comprendido la hoja de informacién que se me ha entregado.

e He podido hacer preguntas y resolver las dudas correspondientes sobre el estudio.

e He recibido respuestas satisfactorias a mis preguntas.

e He recibido suficiente informacién sobre el estudio.

e Comprendo que la participacion es voluntaria.

e Comprendo que puedo retirarme del estudio cuando desee.

e Comprendo que no recibiré ninguna compensacidon econdémica por la participacion en
dicho estudio.

De igual modo, declaro haber sido informado de las medidas que seran adoptadas, para
garantizar la confidencialidad y disociacién de cuanta informacion sobre mi persona pudiera
recogerse durante el desarrollo del estudio, asi como de la posibilidad de ejercitar mis
derechos de acceso, rectificacion, cancelacidon y oposicidon a través de una peticion formal
realizada ante el responsable del estudio.

Presto libremente mi conformidad para participar en el estudio.

Fecha__/__/

(Firma del participante)

Fecha__/__/

(Firma del investigador)
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Annex Q2. Screen and sleep questionnaire

Cuestionario habitos suefo y uso de nuevas tecnologias

Tecnologia

En tu habitacion, tienes :
OMovil

aTv

OConsola (wii, PS4, Xbox...)
OConsola portatil (DS, PSP...)
O0Ordenador

OTableta

Uso tecnologia al levantarse:
osSi
ONo

Uso tecnologia en las dos horas antes de
dormir:

asSi

ONo

Deporte
Haces deporte ? __

Cual ?

Cuantas veces a la semana ?
Y fines de semana ?

A que hora ?

Sueino

Haces siesta ?

Semana :

Hora de dormir: __:_
Hora de despertar: __:__

Fin de semana :
Hora de dormir: __:
Hora de despertar: __:_

Condiciones de desayuno
Desayuno sentado?

asSi

ONo

Duracién del desayuno?

O< 5min
0> 5min
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Annex Q3. Sleep disturbances Bruni questionnaire

SDSC': Sleep disturbance Scale for Children. Escala de alteraciones
del suefio en la infancia de Bruni (modificado)

1. ¢Cudntas horas duerme la mayoria de las noches?

1 2 3 4 5
9-11h 8-9h 7-8h 5-7h <5h
2. ¢Cudnto tarda en dormirse?
1 2 3 4 5
<15m 15-30m 30-45m 45-60 m >60m

En las siguientes respuestas, valore:

1 =nuncg;

2 = ocasionalmente (1-2 veces al mes);

3 = algunas veces (1-2 por semana);

4 = a menudo (3-5 veces/semana);

5 = siempre (diariamente)

3. Se va a la cama de mal humor

4. Tiene dificultad para coger el suefio por la noche
5. Parece ansioso 0 miedoso cuando “cae” dormido
6. Sacude o agita partes del cuerpo al dormirse

7. Realiza acciones repetitivas tales como rotacion de la cabeza para dormirse
8. Tiene escenas de “suefios” al dormirse

9. Suda excesivamente al dormirse
10. Se despierta mas de dos veces cada noche
11. Después de despertarse por la noche tiene dificultades para dormirse

12. Tiene tirones o sacudidasde las piernas mientras duerme, cambia a menudo de posicién o da “patadas”
alaropa de cama

13. Tiene dificultades para respirar durante la noche
14. Da boqueadas para respirar durante el suefio

15. Ronca

16. Suda excesivamente durante la noche

17. Usted ha observado que camina dormido

18. Usted ha observado que habla dormido

19. Rechina los dientes dormido

20. Se despierta con un chillido

21. Tiene pesadillas que no recuerda al dia siguiente
22. Es dificil despertarlo por la mafiana

23. Al despertarse por la mafiana parece cansado

24, Parece que no se pueda mover al despertarse por la mafiana
25. Tiene somnolencia diurna

26. Se duerme de repente en determinadas situaciones

Total

GPC SOBRE TRASTORNOS DEL SUENO EN LA INFANCIA Y ADOLESCENCIA EN ATENCION PRIMARIA 155
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Annex Q4. SAHS questionnaire for sleep apnoea diagnostic
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Cuestionario Abreviado de Sueiio Pediatrico. SAHS

Instrucciones

Por favor responda las preguntas siguientes relacionadas con el comportamiento del nifio
o nifia, tanto durante el suefio como cuando esta despierto. Las preguntas hacen
referencia al comportamiento habitual, no necesariamente al observado en los ultimos
dias porque puede que no sea representativo si no se ha encontrado bien. Si no esta
seguro de como responder a alguna pregunta consulte con nosotros. Cuando se usa la
palabra habitualmente significa que ocurre la mayor parte del tiempo o mas de la mitad de
las noches. Usamos el término nifo para referirnos tanto a nifias como a nifios.

Nombre del nifio: Fecha de
nacimiento
Edad: Curso Escolar Fecha de la
encuesta
Encuesta hecha Madre o | Observaciones:
por Padre o
Ambos m]

NS: significa NO SABE

Comportamiento nocturno y durante el suefio Sl |[NO |NS

MIENTRAS DUERME SU NINO

. Ronca mas de la mitad del tiempo?

. Siempre ronca?

. Ronca con fuerza?

. Tiene una respiracion agitada o movida?

. Tiene problemas para respirar o lucha para respirar?

. Alguna vez ha visto a su hijo parar de respirar durante la noche?

. Durante el dia su hijo suele respirar con la boca abierta?

. Se levanta con la boca seca?

OO |NO|O|A(wWwN|=

. Se orina de manera ocasional en la cama?

10. Su hijo se levanta como si no hubiese descansado?

11. Tiene problemas de excesivo suefio (somnolencia) durante el dia?

12. Le ha comentado algun profesor que su hijo parezca dormido o
adormilado durante el dia?

13. Le cuesta despertarle por las mafanas?

14. Se levanta a la mafana con dolor de cabeza?

15. Su hijo no ha tenido un crecimiento normal en algin momento desde
que nacio?

16. Tiene sobrepeso?

17. Su hijo a menudo parece que no escucha cuando se le habla
directamente?

18. Tiene dificultades en tareas organizadas?

19. Se distrae facilmente con estimulos ajenos?

20. Mueve continuamente sus manos o pies o no para en la silla?

21. A menudo actlia como si tuviera un motor?

22. Interrumpe o se entromete con otros (por ejemplo en conversaciones
0 juegos?




Annex Q5. Nutrition diary

ESTUDIO OBESIDAD Y SUENO HOSPITAL PESET/UV

NOMERE:

SIP:

N2 ASIGNADO:

EECETRODIETETICO 3 DIAS:

£z muy importante que relianen is ancussta con | MEKME atancion. Por 210, l&s rogames que
lean detalisdamente las instrucciones, antes de empezar. Si tienen alguna duda, ya saben gue
pueden conzultamos en cusiguier momento.

Les recorcamos no olviden traer la encuests ys completa a ia conzukta. En eze momento
repazaremos con uztedes sus respussiaz, pars COMProdar Gue tods i informacicn es corrects.

Normas pars |a corracts utiizacion cel cusstionario

Hay que anotar todos los alimentos y bebicas consumidos por &1 ninc/a en 3 ¢as, uno
de loz cusles dede zer zaDaCO O COMINGD, Sin clvider 103 que haya tomado entre horas
(refrezcoz, aperitivos, carameios...). No ohvidar tampoco 103 vazos Ce agus o de otras
bebidas tomados en s comidas o fuera de elas.

Cada dis esta cividido &n § spartadoz: Desayuno, Media mafens, Comics, Merienda,
Cena y Otros (en este (itimo se inchuyen los slimentos y bedicas que se hayan tomado
entre horas, refrescos, chucherias. ).

En s primera columna del cusstionario hay que spuntar is hora dal ciz & Is que z= hizo
Ia comida y ! lugar (caza, guarderia, calle,...).

En Iz zegunca columne se detallars &l nombre de Caca pisto Ce CACE COMICE ¥ todos
los ingredi queinciuye, indi sus caracteristicas y = o sabemos la marca
comercial.

En la tercera columna hay que incicar la cantidad de loz aimentos consumicos, es
decir 1o que de verdad s2 toma &1 nino, no ko que s= e prapara; cakulandolo con la
mayor aproximacion posidle. Fars ello:

Si el nino ha tomaco un piato de comida: Anctar =i el piato era honco, ce postre,
pegueno, etc Tambian podemos caloular cusntas raciones como la del nifo nos salen
con ia cantidad ce comida total que hemes hecho, aungue para 220 tenemos gue
anotar antes las canticaces de todos ks ingredientes uzacos para hacer el guizo, sin
olvicar el aceite y ol agua.

Para alimentos s5iicos: anotar el tamano Bproxmaco ce Ia Porcion y como ze he
preparaco. For ejempio: 1 kenguado pequeno enharinado y frito (2 i planche, etc). No
ohvicar 2z guamich (arree, p werduras).

En loz aimentos elsboraces, incicar ks marca, &1 peso de Is porcion y is composicion [zi
se puede).

En obzenvacionss pusden escribir todo aguelo que consiceren oportuno shadir en
relacion a lo que &1 nino ha comico. Por ejempio: 5i vomits, i se Jo toma 8 is fuerza,
etc.
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Ejemplo:

HORAS ALIMENTOS, INGREDIENTES CANTIDAD
DESAYUNO
8,30H en casa leche semidesnatada Carrefour 1 vaso grande lleno
Cola-cao marca Lid! 1 cucharada sopera
Galletas Maria con mantequilla Hacendado | 3 galletas untadas con una capa fina
MEDIA MANANA
11,00Hen manzana y pera en trozos 1 pera pequefia y media manzana normal
recreo
Agua 1 vaso pequefio
COMIDA

13,30 en el cole

Lentejas con arroz (para 5 personas): 5
pufiados de lentejas Hacendado, 3 patatas
medianas, 1 cebolla mediana, 1 pimiento
verde, 1 tomate pequefio, 1 diente de ajo,
especias, 1 chorrito aceite girasol, 1 litro de
agua

1 plato hondo pequefio (en puré)

Pan blanco

1 rebanada pequefia

Yogur de fresa Hacendado

1 entero menos 2 o 3 cucharadas

Agua 1 vaso normal lleno
MERIENDA
17H en casa Zumo pifia Don simon 1 entero (pequefio)
CENA

20,30H en casa

1 rodaja pan blanco

de 1 dedo de grueso

Ensalada de tomate alifiada con aceite de
oliva

1 tomate mediano y 1 chorrito de aceite

Tortilla francesa con aceite de oliva

1 huevo y 1 chorrito de aceite de oliva

1 platano

tamario mediano

Agua

1/2 vaso tamafio normal

HORAS

ALIMENTOS, INGREDIENTES

CANTIDAD

DESAYUNO

MEDIA MANANA

COMIDA

MERIENDA

CENA

OBSERVACIONES




Annex Q6. Sociodemographic questionnaire

CUADERNO DE RECOGIDA DE DATOS PARA PARTICIPAR EN EL ESTUDIO

ESTADO DE SALUD BUCODENTAL DE LOS PACIENTES CON OBESIDAD INFANTIL

CUESTIONARIO A CUMPLIMENTAR POR LOS PADRES

Ne identificacion:

DATOS DE FILIACION Y DEL ENTORNO FAMILIAR

Nombre y apellidos del nifio/a Sexo
[ Masculino
[ Femenino
Fecha de nacimiento Edad

Nivel de estudios del padre
[ sin estudios

[ Educacién primaria/EGB
O Educacién secundaria
[ Bachiller

O Formacién Profesional
[ Estudios universitarios
O Mmaéster

O Doctorado

Nivel de estudios de la madre
[ Sin estudios

[ Educacidn primaria/EGB
[ Educacién secundaria

[ Bachiller

[ Formacién Profesional

[ Estudios universitarios

O Master

[ Doctorado

Situacidn laboral del padre

[ Desempleado

[ Trabajo hogar no remunerado
[ Contratos temporales

[ Trabajo estable

Situacién laboral de la madre

[0 Desempleada

[0 Trabajo hogar no remunerado
[ Contratos temporales

[ Trabajo estable

Trabajo del padre (describir)

Trabajo de la madre (describir)

Situacion familiar de los padres

[ Viven juntos en pareja o casados

[ Estan separados, pero no tienen otra pareja
[ Estén separados y los dos tienen otra pareja
[ Estén separados y la madre tiene otra pareja
[ Estan separados y el padre tiene otra pareja
O otros

Numero total de personas que conviven en el domicilio familiar

Menores de 14 aiios que conviven en el domicilio familiar

Annexes
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VERSION CASTELLANA DEL CUESTIONARIO DE MATUTINIDAD-VESPERTINIDAD
DE HORNE Y OSTBERG (revisado)’

Nombre: Fecha:

Por favor, para cada pregunta seleccione la respuesta que mejor se ajuste a su caso marcandola con una
cruz en el cuadrado correspondiente. Responda en funcién de coémo se ha sentido en las tltimas semanas.
1. Si solo pensaras en cuando te sentirias mejor y fueras totalmente libre de planificarte el dia. ;A qué

hora te levantarias?

O Entre las 05:00 (5 AM) y 06: 30 (6:30 AM) de la mafana

O Ente las 06:30 (6:30 AM) y las 07:45 (7:45 AM) de la mafiana

O Entre las 07:45 (7:45 AM) y las 09:45 (9:45 AM) de la mafiana

O Entre las 09:45 (9:45 AM) y las 11:00 (11 AM) de la mafiana

O Entre las 11 (11 AM) de la mafianay las 12 de la tarde (712 noon)

= N W b~ O

2. Si sélo pensaras en cuando te sentirias mejor y fueras totalmente libre de planificarte el dia. ¢ A qué

hora te acostarias?

5 O Alas 20:00 (8 PM) —21:00 (9 PM)
4 0O Alas 21:00 (9 PM) — 22:15 (10:15 PM)
3 0O Alas 22:15(10:15 PM) — 00:30 (12:30 AM)
2 0O Alas 00:30 (12:30 AM) — 01:45 (1:45 AM)
1 0O Alas 01:45 (1:45 AM) — 03:00 (3 AM)
3. Para levantarte por la mafiana a una hora especifica. jHasta qué punto necesitas que te avise el
despertador?
4 0O No lo necesito
3 O Lo necesito poco
2 0O Lo necesito bastante
1 0O Lo necesito mucho
4. ¢ Te resulta facil levantarte por las mafianas? (cuando no te despiertan de forma inesperada)
1 O Nada facil
2 0O No muy facil
3 0O Bastante facil
4 0O Muy facil

! Algunas preguntas y algunas de las opciones de las posibles respuesta se han reescrito a partir del test original (Home y
Ostberg, 1976) para adaptarlo al espafiol. Las opciones que suponian categorias discretas se han substituido por escalas
graficas continuas. Preparado por Terman M, Rifkin JB, Jacobs J, and White TM. New York State Psychiatric Institute, New
York, NY USA. Ver también la versiéon automatizada (AutoMEQ) en www.cet.org. La traduccién del inglés fue realizada por
el Dr. M? Angeles Rol de Lama, Dr. Beatriz Bafio Otalora, Dr. Maria Teresa, Mondéjar Abenza, y Dr. Juan Antonio Sarabia
Carazo. Para las preguntas en Espafia, entre en contacto con por favor a Juan Antonio Madrid, Dr. en Fisiologia,
Especialista en Cronobiologia, Universidad de Murcia, Campus de Espinardo, Murcia, Espafia, jamadrid@um.es.

Horne JA and Ostberg O. A self-assessment questionnaire to determine momingness-eveningness in human circadian
rhythms. International Journal of Chronobiology, 1976: 4, 97-100.
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5. Una vez levantado por las mafianas. ;Qué tal te encuentras durante la primera media hora?

O Nada alerta
O Poco alerta
O Bastante alerta
O Muy alerta

A WON -

6. Una vez levantado por las mafianas.  Como es tu apetito durante la primera media hora?

O Muy escaso
O Bastante escaso

O Bastante bueno

A O N =

O Muy bueno

7. Una vez levantado por las mafianas. ¢ Qué tal te sientes durante la primera media hora?

O Muy cansado
O Bastante cansado

O Bastante descansado

A WO N =

O Muy descansado

8. Cuando no tienes compromisos al dia siguiente. ;A qué hora te acuestas en relacién con tu hora
habitual?

O Nunca o raramente o mas tarde
O Menos de 1 hora mas tarde

O De 1 a2 horas mas tarde

- N W

O Mas de 2 horas mas tarde

9. Has decidido hacer un poco de ejercicio fisico. Un amigo te propone hacerlo una hora dos veces por
semana y segun él, la mejor hora seria de 7 a 8 de la mafiana. No teniendo nada méas encuenta salvo

tu propio reloj “interno”, ¢coémo crees que te encontrarias?

O Estaria en buena forma
O Estaria en una forma aceptable

O Me resultaria dificil

= N W b

O Me resultaria muy dificil
10. ¢A qué hora aproximada de la noche te sientes cansado y como consecuencia necesitas dormir?

O Alas 20:00 (8 PM) — 21:00 (9 PM)

O Alas 21:00 (9 PM) — 22:15 (10:15 PM)

O Alas 22:15 (10:15 PM) — 00:45 (12:45 AM)
O Alas 00:45 (12:45 AM) - 02:00 (2 AM)

O Alas 02:00 (2 AM) — 03:00 (3 AM)

- N W b~ O
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Quieres estar en tu punto maximo de rendimiento para una prueba de dos horas que va a ser
mentalmente agotadora. Siendo totalmente libre de planificar el dia y pensando sélo en cuando te

sentirias mejor. ;,Qué horario elegirias?

O De 08:00 (8 AM) a 10:00 (10 AM)
O De 11:00 (11 AM) a 13:00 (1 PM)
O De 13:00 (1 PM) a 17:00 (5 PM)
O De 19:00 (7 PM) a 21:00 (9 PM)

o N MO

Si te acostaras a las 11 de la noche. ¢ Qué nivel de cansancio notarias?

O Ningun cansancio
O Algun cansancio

O Bastante cansancio

o W N O

O Mucho cansancio

Por algun motivo te has acostado varias horas mas tarde de lo habitual, aunque al dia siguiente no has

de levantarte a ninguna hora en particular. ; Cuando crees que te despertarias?

O A la hora habitual y ya no dormiria mas
O A la hora habitual y luego dormitaria

O A la hora habitual y volveria a dormirme
O Mas tarde de lo habitual

- N W b»

Una noche tienes que permanecer despierto de 4 a 6 de la madrugada debido a una guardia nocturna.

Sin tener ningin compromiso al dia siguiente, ;,qué preferirias?

1 O No acostarme hasta pasada la guardia
2 0O Echar una siesta antes y dormir después
3 O Echar un buen suefio antes y una siesta después

4 [ Sdlo dormirias antes de la guardia

Tienes que hacer dos horas de trabajo fisico pesado. Eres totalmente libre para planificarte el dia.

Pensando sélo en cuando te sentirias mejor, ¢ qué horario escogerias?

O De 08:00 (8 AM) a 10:00 (10 AM)
O De 11:00 (11 AM) a 13:00 (1 PM)
O De 13:00 (1 PM) a 17:00 (5 PM)
O De 19:00 (7 PM) a 21:00 (9 PM)

= N W >

MEQ-SA Pagina 3
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16. Has decidido hacer ejercicio fisico intenso. Un amigo te sugiere practicar una hora dos veces por

semana de 10 a 11 de la noche. Pensando s6lo en cuando te sentirias mejor, ;Cémo crees que te

sentaria?
1 0O Estaria en buena forma
2 [ Estaria en una forma aceptable
3 O Me resultaria dificil
4 O Me resultaria muy dificil
17. Imaginate que puedes escoger tu horario de trabajo. Supén que tu jornada es de CINCO horas al dia

(incluyendo los descansos) y que tu actividad es interesante y remunerada segun tu rendimiento. ; Qué
CINCO HORAS CONSECUTIVAS seleccionarias? ¢Empezando en qué hora? Considera la casilla
marcada mas a la derecha para escoger entre los siguientes rangos:

O Entre las 04:00 (4 AM) y las 08:00 (8 AM)

O Entre las 08:00 (8 AM) y las 09:00 (9 AM)

O Entre las 09:00 (9 AM) y las 14:00 (2 PM)

O Entre las 14:00 (2 PM) y las 17:00 (5 PM)

O Entre las 17:00 (5 PM) y las 04:00 (4 AM)

= N W b~ O

18. ¢A qué hora del dia crees que alcanzas tu maximo bienestar?

5 0O Entre las 05:00 (5 AM) y las 08:00 (8 AM)

4 0O Entre las 08:00 (8 AM) y las 10:00 (10 AM)
3 O Entre las 10:00 (10 AM) y las 17:00 (5 PM)
2 [0 Entrelas 17:00 (5 PM) y las 22:00 (10 PM)
1 0O Entre las 22:00 (10 PM) y las 05:00 (5 AM)

19. Se habla de personas de tipo matutino y vespertino. ¢ Cual de estos tipos te consideras ser?

O Un tipo claramente matutino.

6

4 O Un tipo mas matutino que vespertino.
2 0O Un tipo mas vespertino que matutino.
0

O Un tipo claramente vespertino.

Suma los puntos que figuran al lado de la casilla.

La puntuacion obtenida ha sido: puntos.

MEQ-SA Pégina 4
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INTERPRETA Y UTILIZA TU PUNTUACION
DE MATUTINIDAD-VESPERTINIDAD

Este cuestionario tiene 19 preguntas, cada una con un ndmero de puntos. Primero, suma los puntos e
introduce tu puntuacién de matutinidad- vespertinidad aqui:

Las puntuaciones pueden ir de 16 86 puntos. Puntuaciones de 41 o menos indican “tipo vespertino”.
Puntuaciones de 59 o mas indican “tipo matutino”. Puntuaciones entre 42-58 indican “tipo intermedio.”

16-30 31-41 42-58 59-69 70-86
Vespertino Vespertino Intermedio Matutino Matutino extremo
extremo moderado moderado

Ocasionalmente algunas personas pueden tener problemas con el cuestionario. Por ejemplo, algunas de las
preguntas son dificiles de contestar si has sido un trabajador a turnos, si no trabajas, o si te vas a la cama
inusualmente tarde. Tus respuestas pueden estar influidas por estar pasando una enfermedad o estar
tomando medicamentos. Si no estds seguro de tus respuestas, tampoco deberias sequir ciegamente los

siguientes consejos.

Una forma de estar mas seguros es comprobar si tu puntuacion de matutinidad- vespertinidad coincide
aproximadamente con las horas de inicio y final del suefio que aparecen a continuacion:

Puntuacion 16-30 31-41 42-58 59-69 70-86
Inicio del 02:00-03:00 00:45-02:00 22:00-00:45 21:30-22:45 21:00-21:30
suefio 2:00-3:00 AM | 12:45 PM-2:00 AM | 10:45 PM-12:45AM | 9:30-10:45 PM | 9:00-9:30 PM
Final del 10:00-11:30 08:30-10:00 06:30-08:30 05:00-06:30 04:00-06:30
suefio 10:00-11:30 AM 8:30-10:00 AM 6:30-8:30 AM 5:00-6:30 AM 4:00-5:00 AM

Si sueles irte a dormir antes de las 21:00 (9:00 PM) o mas tarde de las 03:00 (3:00 AM), o si tu hora de
despertar es anterior a las 04:00 (4:00 AM) o mas tarde de las 11:30 (11:30 AM), deberias consultar a un
experto clinico en luminoterapia para someterte a un tratamiento efectivo.

Nosotros usamos la puntuacion de matutinidad-vespertinidad para mejorar el efecto antidepresivo de la
luminoterapia. Aunque la mayoria de las personas experimentan una buena respuesta antidepresiva a la
luminoterapia cuando reciben una sesiéon matinal de 10,000 lux durante 30 minutos con un dispositivo de luz
adecuado (ver recomendaciones en www.cet.org), podriamos no obtener la mejor respuesta posible. Si tu
reloj interno esta desplazado con respecto a la hora ambiental (cuya medida indirecta es la puntuacién de
matutinidad-vespertinidad), necesitaremos ajustar la hora de aplicacion de la luminoterapia.

La tabla que se incluye mas abajo muestra la hora recomendada para comenzar la luminoterapia para un

amplio rango de matutinidad —vespertinidad. Si tu puntuacion se sale de este rango (ya sea por muy alto o
muy bajo), deberias buscar consejo en una clinica de luminoterapia para buscar un tratamiento efectivo.

MEQ-SA Pégina 5
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Puntuacién de Hora de inicio de los 30
Matutinidad- Vespertinidad minutos de luminoterapia
23-26 8:15 AM
27-30 8:00 AM
31-34 7:45 AM
35-38 7:30 AM
39-41 7:15 AM
42-45 7:00 AM
46-49 6:45 AM
50-53 6:30 AM
54-57 6:15 AM
58-61 6:00 AM
62-65 5:45 AM
66-68 5:30 AM
69-72 5:15 AM
73-76 5:00 AM

Si normalmente duermes mas de 7 horas por noche, necesitaras despertarte algo antes de lo normal para
conseguir el efecto — pero deberias sentirte por ello mejor. Algunas personas compensan acostandose antes,
mientras que otras se sienten bien durmiendo menos. Si, normalmente, duermes menos de 7 horas por
noche deberias poder mantener tu hora actual de despertar. Si automaticamente, puedes despertarte por ti
mismo con mas de 30 minutos antes del inicio de tu sesién, deberias retrasar tu sesion. Evita tomar sesiones
antes de la hora recomendada, pero si te quedas dormido a pesar de que suene la alarma del reloj, es mejor
tomar la sesion tarde que saltartela.

Nuestra recomendacién para las personas vespertinas — es decir, las 08:00 (8:00 AM) para una puntuacion
de matutinidad vespertinidad de 30 — puede dificultar que lleguemos a tiempo al trabajo, pero recibir la sesion
de la luz antes no seria eficaz. Una vez que notes mejoria con la hora recomendada, puedes ir adelantando
poco a poco la sesién de luminoterapia, en unos 15 minutos al dia, permitiendo que tu reloj interno se
sincronice con el ciclo suefio vigilia y horario de trabajo que deseas.

El consejo personalizado que te ofrecemos aqui, estd basado en un amplio ensayo clinico con pacientes que
sufren desorden afectivo estacional (SAD, seasonal affective disorder) realizado en el Centro Médico de la
Universidad de Columbia de New York. Los pacientes que recibieron la sesién de luz demasiado tarde por la
mafana so6lo mejoraron la mitad que aquellos que la recibieron aproximadamente a la hora indicada. Estas
normas no se aplican solo al SAD, sino que también pueden ser de ayuda en el tratamiento de la depresion
no estacional, reduciendo el insomnio y las ganas de quedarse durmiendo por las mafianas.

Nuestros consejos sélo constituyen una guia general para los nuevos usuarios de la luminoterapia. Hay
muchos factores individuales que pueden requerir diferentes programas o dosis (intensidad, duracién) de luz.
Ninguna persona con depresion clinica deberia someterse a luminoterapia a menos que sea de forma
controlada y bajo supervision médica.

Bibliografia: Terman M, Terman JS. Light therapy for seasonal and nonseasonal depression: efficacy,

protocol, safety, and side effects. CNS Spectrums, 2005;10:647-663 (descargable en www.cet.org).

Copyright © 2008, Center for Environmental Therapeutics, www.cet.org, New York, NY USA. Todos los derechos
reservados. Esta permitida la reproducién con fines no comerciales. Para las preguntas en Espafa, entre en contacto con
por favor a Juan Antonio Madrid, Dr. en Fisiologia, Especialista en Cronobiologia, Universidad de Murcia, Campus de
Espinardo, Murcia, Espafia, jamadrid@um.es.
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X.1. INTRODUCCION

La obesidad infantil constituye uno de los principales retos de salud publica de nuestro siglo. Para
construir estrategias de prevencion eficaces contra esta acumulacion patolégica de grasa corporal, es
necesario comprender los elementos que favorecen su desarrollo, asi como los mecanismos metabolicos

subyacentes.

Esta acumulacién de grasa corporal estd relacionada con una ingesta energética excesiva en
comparacion con el gasto energético, lo que da lugar a un mayor almacenamiento de energia. La ingesta de
energia corresponde a la porcion de nutrientes que no sélo ha sido ingerida sino también absorbida por el
organismo. Estos procesos estan influenciados por factores bioldgicos, psicologicos y ambientales. Por otro
lado, el gasto energético suma los gastos de energia vinculados al metabolismo basal, la homeostasis de la
temperatura, el proceso de digestion, la actividad fisica y mental, y el crecimiento. La ingesta de energia es
puntual, por lo que la energia se almacena convenientemente para cubrir los gastos energéticos incesantes.
La energia se almacena principalmente en forma de triglicéridos, moléculas muy energéticas que se acumulan
en los adipocitos del tejido adiposo blanco. Como la nutricion, la actividad fisica, el suefio, la actividad
mental y la exposicidn a la temperatura y a la luz desempefian papeles reguladores de la ingesta y el gasto de
energia, estan estrechamente vinculados a la salud metabdlica. Estos hébitos de vida son ritmicos y, en
consecuencia, también lo son los mecanismos metabdlicos que se activan posteriormente. Sin embargo, esta
activacion ritmica del metabolismo no es s6lo una consecuencia de los comportamientos y exposiciones
ritmicas, sino que es intrinseca al organismo, asegurada por mecanismos reunidos bajo el nombre de ritmos

circadianos.

Los ritmos circadianos se estructuran y sincronizan gracias a dos mecanismos principales: los genes
reloj y la actividad de la melatonina. Los genes reloj son un grupo de genes que forman un doble bucle de
regulacién cuyo periodo dura aproximadamente 24 horas. Se expresan de forma ubicua en las células
nucleadas humanas. Bajo la regulacion de estos genes también figuran genes del metabolismo y de la
inflamaciéon como factores de transcripcion, transportadores, portadores, hormonas y citoquinas. Estos
llamados relojes periféricos inducen un ritmo en la fisiologia del 6rgano. Paralelamente, el tiempo externo
es percibido por el organismo principalmente a través de la percepcion de la luz azul. Esta sefial fotica es
traducida en una sefial nerviosa por la retina del ojo, y posteriormente en una sefial endocrina por la glandula
pineal, que sintetiza melatonina en ausencia de sefial luminosa. Una vez producida, la melatonina fluye por
todo el organismo a través de los fluidos corporales, y luego se une a sus receptores en la superficie celular
y en la célula o acttia directamente como antioxidante al eliminar los radicales libres. Esta hormona circadiana
actua globalmente para preparar los 6rganos para entrar en la fase de suefio. Se considera que la sefial ritmica
de la melatonina sincroniza los relojes periféricos entre si y con el tiempo externo. Juntos, los genes del reloj
y la expresion ritmica de la melatonina participan para conferir un ritmo a la fisiologia y la actividad de los

organos implicados en la ingesta, el gasto y el almacenamiento de energia, incluido el tejido adiposo. Sin
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embargo, el impacto preciso de la melatonina en los ritmos circadianos de la expresion genética en el tejido

adiposo atn no se conoce del todo.

Ademas de la luz externa, el horario de los habitos de vida, como la ingesta nutricional, la actividad
fisica y el suefio, también parece participar activamente en la regulacion de los ritmos circadianos. La
tendencia de un individuo a tener comportamientos tempranos o tardios se denomina cronotipo. Esta
influenciado por la genética y el entorno. De hecho, aunque uno presente predisposicion a un cronotipo
temprano o tardio, la participacién repetida en comportamientos tempranos o tardios puede inducir

lentamente el cambio de cronotipo.

Los ritmos circadianos internos del organismo confieren a los érganos una capacidad de anticipacion
que les permite activarse de forma optima en determinados momentos del dia. Por el contrario, cuando los
organos son solicitados en horarios absurdos como ocurre en el trabajo nocturno, la masa grasa corporal
aumenta y los marcadores de riesgo metabdlico se elevan. En estos individuos, el ritmo de la melatonina esta
alterado. Incluso sin llegar a la cronodisrupcion extrema que se da en los trabajadores del turno de noche, los
estudios tienden a mostrar que los hébitos de vida tardios se asocian con resultados metabdlicos negativos y
con un aumento del peso corporal. En los tltimos afios, multiples estudios han mostrado asociaciones entre
la insuficiencia de suefio y el aumento de peso. Paralelamente, la alteracion de la sefializacién de la

melatonina se asocia a la obesidad, incluso en la infancia.

Los cronotipos tardios se asocian a un mayor jetlag social, definido por la diferencia en la
sincronizacion de las fases del suefio entre los dias de trabajo y los dias libres, lo que también se asocia a
mayores riesgos metabolicos. Aunque todos estos elementos ponen de manifiesto la relacion entre los ritmos
circadianos y la salud metabolica, la importancia de esta relacién en la infancia, y la influencia de la
cronologia de los habitos de vida, aun no estd caracterizada con precision. Por ello, hemos disefiado un

estudio con los siguientes objetivos:

X.2. Objetivos

El objetivo principal del presente proyecto es evaluar las relaciones entre los habitos de vida, los
ritmos circadianos y la salud metaboélica durante la infancia.

Con el fin de alcanzar este objetivo principal, se establecen los siguientes objetivos secundarios:

e Cuantificar la diferencia en la expresion de melatonina vespertina entre participantes con obesidad
y con peso normal, probando un nuevo enfoque de medicion de los ritmos circadianos mediante un

método de recogida de saliva en casa para la deteccion de melatonina en tres momentos de la noche.
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e  Medir el efecto de la melatonina en la expresion circadiana de los genes del reloj y del metabolismo
en los adipocitos humanos.

e Evaluar la relacion entre la expresion de la melatonina y los factores clinicos, metabdlicos,
inflamatorios, circadianos y ambientales relacionados con la obesidad en la infancia.

e Evaluar la relacion entre el cronotipo y los factores clinicos, metabdlicos, inflamatorios, circadianos
y ambientales relacionados con la obesidad y el sobrepeso en la infancia.

e Medir la relacion entre la hora de la cena durante la semana escolar y los factores clinicos,
metabolicos, inflamatorios, circadianos y ambientales relacionados con la obesidad y el sobrepeso
en la infancia.

e Medir la relacion entre la duracion del suefio y los factores clinicos, metabdlicos, inflamatorios,
circadianos y ambientales relacionados con la obesidad y el sobrepeso en la infancia.

e Medir la relacion entre la exposicion nocturna a las pantallas y los factores clinicos, metabdlicos,
inflamatorios, circadianos y ambientales relacionados con la obesidad y el sobrepeso en la infancia.

e Identificar subgrupos de participantes que comparten caracteristicas metabolicas, circadianas,

habitos de vida y ambientales similares.
e  Construir un modelo de prediccion de la obesidad basado en los habitos de vida y el entorno.

e  Construir un modelo de biomarcadores de obesidad que incluya una variable de ritmos circadianos.

X.3. Material y métodos

X. 3.1. Diseno del estudio

La presente investigacion es un estudio transversal y analitico en participantes que acudieron a las
consultas externas de Pediatria del Hospital Universitario del Doctor Peset de Valencia, Espafia, aprobado

por el comité de ética de dicho hospital.

X 3.1.1. Poblacion de estudio

Los y las participantes fueron divididos en dos grupos en funcioén de su indice de masa corporal
(IMC), calculado como el peso en kilogramos dividido por la altura en metros al cuadrado (kg/m2), y
utilizando los criterios de Cole et al, 2000. Se considera que los individuos que presentan un IMC superior o
igual a 1 desviacion estandar (DE) por encima de la media para la edad y el sexo presentan sobrepeso, y
superior a 2 DE presentan obesidad, segiin la Organizacion Mundial de la Salud (OMS)2. La tabla de
Carrascosa de la poblacion pediatrica espafiola elaborada desde 1995 hasta 2017 proporciona una referencia
para la distribucion del IMC desde el nacimiento hasta la mayoria de edad. En la tabla de Carrascosa, 1 DE

por encima de la media para la edad y el sexo corresponde al percentil 84,1 del IMC, y 2 DE al percentil
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97,7. Los individuos que presentaron un IMC inferior a una desviacion estandar fueron asignados al grupo
control, y por encima de este corte al grupo de sobrepeso y obesidad. Se utilizé la aplicacion nutricional de
la Sociedad Espafiola de Gastroenterologia, Hepatologia y Nutricion Pediatrica para calcular el percentil y la
DE equivalente de cada participante. Todos fueron informados detalladamente sobre el estudio y las medidas
éticas y firmaron el consentimiento informado por ellos mismos si tienen al menos 12 afios, o, en el caso

contrario, su tutor legal.

X. 3.1.2. Estimacion del tamano de la muestra

El tamafio de la muestra se calculd segin la siguiente formula (2 (Zo. + ZP)* x S?) / d*. El nivel de
asociacion Za y ZB es 99% a, B =0.01. Como nuestro objetivo es caracterizar los ritmos circadianos,
utilizamos la melatonina como marcador. Por lo tanto, como S utilizamos 11,4, correspondiente a la
desviacion estandar de los niveles de melatonina. La d deseada es 7, correspondiente a la diferencia minima
de expresion de los niveles de melatonina tras una hora de suefio entre los dos grupos previamente definidos:
peso normal y obesidad. Con estos datos se obtiene un total de 64 pacientes necesarios por grupo. Estimando
una pérdida del 15%, necesitamos 74 pacientes por grupo, por lo que se necesita un minimo de 148

participantes en total.

X 3.1.3.  Criterios de inclusion

Se incluyeron en el estudio los pacientes de entre 7 y 16 afios que acudieron a la consulta de pediatria
y que completaron el consentimiento informado, a excepcion de los y las participantes que presentaban
alguna particularidad que pudiera afectar a su perfil metabolico e inflamatorio como tratamiento médico,

patologia inflamatoria o metabolica (distinta de la obesidad y comorbilidades), o deportistas de élite.

X 3.1.4. Criterios de exclusion

Un elemento crucial del presente trabajo son las muestras de saliva recogidas en casa por los y las
participantes y utilizadas para la determinacion de melatonina. Los y las participantes que no proporcionaron

las muestras de saliva fueron excluidos del presente analisis.

X. 3.1.5.  Tamaro final de la muestra

Inicialmente se reclutaron 263 participantes, de los cuales se excluyeron 51 porque no
proporcionaron las muestras de saliva en absoluto o las muestras no cumplian los criterios estandar (volumen
minimo, conservacion en la estanqueidad completa del tubo y en la oscuridad). Los 212 participantes se

subdividieron entre un grupo de obesidad compuesto por 123 de ellos, y un grupo de control que contaba con
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89 participantes. En el grupo de obesidad, que presentaba una media de edad mas elevada, se excluyeron del
grupo de obesidad 6 participantes de 14 afios y 3 de 15 afios para restablecer un equilibrio de edad. El estudio
conto finalmente con 127 participantes en el grupo de obesidad (61 de sexo femenino y 66 de sexo masculino)
de una edad media + desviacion estandar (DE) de 11,47 & 2,35 afios, 76 en el grupo de control (39 de sexo
femenino y 37 de sexo masculino) de 10,8 + 2,38 afios. De los 127 participantes del grupo de sobrepeso y
obesidad, 114 presentan un IMC superior a dos desviaciones estandar para la edad y el sexo y pueden, los
criterios de obesidad, y 13 presentan un IMC entre 1 y dos desviaciones estandar, criterios de sobrepeso. El
reclutamiento comenzd antes de la pandemia de covid-19, el 86,8% del grupo de sobrepeso y obesidad y el

80,3% del grupo control fueron reclutados antes, lo que no fue significativamente diferente (p = 0,318).

X. 3.2. Variables del estudio

Las variables del estudio se agrupan en las siguientes categorias:

Datos antropométricos y clinicos: altura (cm), peso (kg), IMC (kg/m2), IMC z-score, circunferencia
de cadera, cintura y brazo derecho (cm), porcentaje de masa grasa (%), masa magra (kg), presion arterial
sistdlica y diastolica (mmHg), frecuencia cardiaca (BPM). Ademas, se obtuvo el percentil de edad y sexo
para todos estos parametros.

Habitos, entorno y cronotipo Horas de suefio, test de alteracion del suefio pediatrico de Bruni,
cuestionario de suefio pediatrico, frecuencia de actividad fisica, presencia de pantallas en el dormitorio,
contexto familiar sociodemografico, cronotipo, ingesta nutricional de 3 dias analizada en el programa
informatico DIAL, hora de las comidas.

Marcadores metabolicos e inmunologicos: Glucosa, urea, creatina, acido urico, colesterol total,
colesterol de lipoproteinas de alta densidad, colesterol de lipoproteinas de baja densidad, colesterol de
lipoproteinas de muy baja densidad, triglicéridos, aspartato aminotransferasa, alanina aminotransferasa, y-
glutamil transpeptidasa, proteinas séricas totales, albumina, calcio, fésforo, hierro, transferrina, saturacion
de transferrina, Calcio corregido por albiimina, Creatinina, Microalbuminuria (orina), Relacion
microalbumina creatinina (orina), Proteina de unidn al retinol (RBP), Apolipoproteina A1, Apolipoproteina
B, Proteina C-Reactiva de alta sensibilidad, Cistatina C, C3 ,Hormona estimulante de la tiroides, insulina,
Leptina, Grelina, MCP1, TNF-alfa, IL-6, PAI-1, Adiponectina, Resistina, Omentina

Concentracion de melatonina y capacidad antioxidante total en la saliva

Ritmos circadianos de los genes del reloj y de los genes controlados por el reloj BMALI1, CRY,
PER2, MT2, PPARY, C/EBPoa, LPL, aP2, LEP, GBP-28 y expresion transcripcional PAI-1 en relacion con

la B-actina, con y sin estimulacién de melatonina.
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Resumen en castellano
X. 3.2.1.  Desarrollo global del estudio

Los pacientes y los tutores recibieron la informacion sobre el estudio por parte del investigador o del
dietista del equipo, junto con el pediatra. Se recogieron datos como la edad, el sexo y las medidas
antropométricas, y el paciente y su tutor respondieron a los cuestionarios. En casa, todo participante debia
rellenar, junto con su adulto de referencia, un registro de ingesta nutricional de 3 dias, en el que se enumeraba
cuando, qué y cuantos alimentos y bebidas habian consumido durante 2 dias escolares y 1 dia de fin de
semana. Ademas, la noche anterior a la extraccion de sangre, el participante, ayudado por el adulto, recogiod
tres muestras de saliva en diferentes momentos: cuatro horas antes de acostarse, dos horas antes de acostarse
y después de una hora de suefio. Los y las participantes con sus familias recogen la saliva en estos momentos
en los tubos previstos para ello, los cierran adecuadamente, los guardan en la nevera protegidos de la luz y
los llevan al hospital al dia siguiente, dia de la extraccion de sangre. Este dia se programo durante la semana
escolar, los martes o los miércoles, para evitar los cambios del ritmo circadiano asociados a las vacaciones y
los fines de semana. Los pacientes acudian al hospital en ayunas para la extraccion de sangre, llevando la
ficha nutricional y las muestras de saliva. La enfermera encargada de la extraccion de sangre recogio los
tubos necesarios para el andlisis bioquimico basal, mas dos tubos adicionales, uno con EDTA para el plasma
(5ml EDTA BD vacutainer Mississauga ON Canada) y otro con gelosa para el suero (Sml serum BD
vacutainer Mississauga ON Canada). El andlisis bioquimico basal se realizo en el laboratorio central del
hospital bajo las condiciones estandarizadas, mientras que los dos tubos extra de sangre y las tres muestras
de saliva fueron llevados al laboratorio de Pediatria, Obstetricia y Ginecologia de la Universidad de Valencia
por el investigador para su posterior andlisis hormonal, inmunolégico y antioxidante. Los datos de los
cuestionarios, las medidas antropométricas y los andlisis bioquimicos de sangre y saliva se anonimizaron y
se identificaron con un codigo general de laboratorio. Los datos bajo ese codigo se utilizaron para el posterior

analisis estadistico.

X 3.2.2.  Antropometria y evaluacion clinica

Se emplearon las mismas condiciones y el mismo material con todos los y las participantes. Para
registrar la altura se utiliz6 el estadiometro Holtain (Holtain Ltd., Dyfed, Reino Unido) con una precision de
0,1cm. La medicion se realizo sin zapatos, con los pies unidos, los gluteos, la espalda y la cabeza en contacto

con la pared, y la cabeza recta con la oreja y el ojo formando una linea horizontal.

El participante, que solo llevaba ropa interior, se colocé en el analizador de impedancia bioeléctrica
y balanza electronica BC-418 MA Tanita Segmental Body Composition (Tanita Europe BV, Hoofddorp,
Paises Bajos). Funciona como una balanza electrénica y mide el peso corporal. Con la introduccion de la
edad y la altura, este aparato muestra el IMC y, mediante su funciéon de impedanciometro, registra el

porcentaje de grasa y masa magra del cuerpo. Los percentiles se calcularon mediante la aplicacion de la
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Sociedad Espafiola de Gastroenterologia, Hepatologia y Nutriciéon Pediatrica (SEPHNP), basandose en las

tablas de Carrascosa como.

El perimetro de cintura, cadera y brazo derecho también se midi6 manualmente utilizando una cinta
de acero no extensible, flexible y calibrada en centimetros con graduacion milimétrica y siguiendo los
protocolos estandarizados de la International Society for the Advancement of Kinanthropometry (ISAK). Se
calcul6 el indice cintura/cadera y el indice cintura/altura.

La presion arterial sistolica, la presion arterial diastolica y la frecuencia cardiaca se evaluaron en
posicién sentada con un esfigmomanémetro automatizado (Dinamap DPC101X - SP; GE medical Systems
Information Technologies, Inc., Milwaukee, WI, USA). La evaluacion cualitativa de la presion arterial se
obtuvo utilizando la aplicacién en linea del laboratorio de composicion corporal del Baylor College of

Medicine.

X. 3.2.3.  Habitos, entorno y cronotipo

Las categorias de parametros que se evaluaron son las siguientes: cronotipo, ingesta nutricional,
actividad fisica, suefio, exposicion a dispositivos tecnoldgicos en el dormitorio y contexto sociodemografico

familiar.

X 3.2.4.  Cronotipo

El investigador formula al participante las preguntas disefiadas por Horne y Ostberg para evaluar el
cronotipo.134 El cuestionario esta disefiado de forma que cada respuesta da una puntuacion. Cuanto mas alto
sea el total, mas temprano sera el cronotipo e inversamente. De este modo, se asigna un cronotipo a cada
participante: cronotipo vespertino extremo para las puntuaciones inferiores a 30, cronotipo vespertino
moderado entre 31 y 41, intermedio entre 42 y 58, cronotipo matutino moderado entre 59 y 69, y cronotipo

matutino extremo por encima de 70.

X. 3.2.5. Ingesta nutricional

Finalmente, el investigador proporciond instrucciones y una plantilla para que los y las participantes
registraran en casa su ingesta nutricional durante tres dias, con el apoyo del adulto. Cada vez que bebian o
comian, debian informarlo con la mayor precisiéon posible en cuanto al tipo de alimento, la coccion, la
cantidad y el tiempo. De los tres dias de registro, dos eran dias laborables y uno de fin de semana. El
documento se llevaba al investigador el dia de la extraccion de sangre, quien introducia todos los elementos
nutricionales para su analisis en el programa informatico DIAL (Alce Ingenieria SA, Madrid, Espafia). De

este analisis se obtienen los siguientes datos: energia consumida (kcal), distribucién de la energia en los
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principales macronutrientes (%): hidratos de carbono, proteinas y lipidos para conocer las caracteristicas mas
relevantes de la dieta de los pacientes. También se recogen los valores de estos pardmetros para cada comida
y se calculan los ratios para valorar para cada individuo qué comida supone un mayor aporte nutricional
respecto a las demas. La hora de cada comida se midi6 durante la semana y el fin de semana, y la amplitud
temporal de la ingesta nutricional se calculd como la diferencia de tiempo entre la primera comida
(generalmente el desayuno), y la ultima (generalmente la cena). Del diario nutricional de 3 dias también se
registraron las menciones de alimentos "caseros" y "procesados", los habitos de picoteo, el nimero de
menciones de refrescos y dulces en el diario. La calidad del informe se cuantific en una escala de 1 a 5
(siendo 5 la mejor calidad) de la siguiente manera 5/5 cuando se informaba detalladamente de cada comida
con los horarios, tipos de alimentos, tipo de coccion, marcas y cantidades. 4/5 cuando se informa de todas
las comidas pero con un nivel de detalle menor, por ejemplo, faltan las marcas o el tipo de coccion. 3/5
cuando se informa de todas las comidas pero con poco detalle y elementos como las cantidades estan
incompletos. 2/5 cuando se comunica poca informacion sobre el contenido de cada comida o faltan las

cantidades. 1/5. Informe muy incompleto, apenas hay informacién y faltan comidas.

X. 3.2.6. Actividad fisica

El investigador recoge en el cuestionario adaptado la informacion sobre la actividad fisica
transmitida por el paciente. Se les pregunt6 si practicaban alguna actividad fisica fuera de la escuela y, en
caso afirmativo, cudl, a qué hora y con qué frecuencia. Las actividades fisicas se clasificaron en tres
categorias segun el nivel de exigencia cardiovascular. La accién mecanica de un musculo puede medirse en
dos escalas: dinamica (isotonica) y estatica (isométrica). El componente estatico se mide en relacion con el
porcentaje de contraccion voluntaria maxima (MVC), y el componente dinamico en porcentaje de la
captacion maxima de oxigeno (Max 02). Cada uno de estos componentes estimula la adaptacion

cardiovascular a un nivel que se escala de "bajo" a "alto".

X 3.2.7.  Suerno

El investigador pregunt6 al paciente a qué hora suele irse a dormir y despertarse, durante la semana
escolar y durante el fin de semana. A partir de estos datos, se calcula la duracion del suefio y la diferencia en
la duracién del suefio durante la semana y el fin de semana. Mientras tanto, se pidi6 a los padres presentes
que rellenaran varios cuestionarios sobre la calidad del suefio del nifio. Para detectar las alteraciones del
suefio se utilizo el cuestionario de Bruni validado en espafiol. En esta prueba se asocia una cifra a cada
respuesta y se calcula la suma de estos nimeros, y un total superior a 39 sugiere una alteracion del suefio. El
cuestionario pediatrico del suefio validado en espafiol es un cuestionario pediatrico empleado para evaluar la
calidad del suefio. Se ha utilizado la version corta orientada al diagndstico de la apnea del suefio. A cada

o

item, los padres respondian "si", "no" o "desconocido" y se cuantificaba después el nimero de respuestas

positivas. Por encima del 33% de resultados positivos se considera que el suefio es de mala calidad.
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La duracion del suefio se consideré adecuada al cumplir las recomendaciones de la sociedad espafiola
del suefio: para los y las participantes de 6 a 13 afios, se recomiendan de 9 a 11 horas de suefio por noche, y

de 8 a 10 horas a partir de los adolescentes de 14 afios.

X. 3.2.8.  Exposicion a dispositivos tecnoldgicos en el dormitorio

El investigador enumera la siguiente lista de dispositivos con pantalla: teléfono movil, television,
consola (Wii, Xbox, PS4...), consola portatil (DS, PSP, switch...), ordenador, tablet; y se pregunta a los y las
participantes cudles estan presentes en su dormitorio por la noche. El cuestionario se utiliza para evaluar la

presencia y la suma de dispositivos electronicos en el dormitorio.

X 3.2.9.  Contexto sociodemogrdafico familiar

El cuestionario lo rellena el padre del participante, se recoge la siguiente informacion

Nivel educativo de la madre (1 = sin estudios; 2 = educacion primaria; 3 = educacién secundaria; 4
= bachillerato; 5 = formacion profesional; 6 = estudios universitarios; 7 = master; 8 = doctorado)

Nivel de estudios del padre (1 = sin estudios; 2 = educacion primaria; 3 = educacion secundaria; 4 =
bachillerato; 5 = formacion profesional; 6 = estudios universitarios; 7 = master; 8 = doctorado)

Situacion laboral de la madre (1 = desempleada; 2 = contratos temporales; 3 = contrato estable)

Situacion laboral del padre (1 = desempleado; 2 = contratos temporales; 3 = contrato estable)

Contexto familiar en cuanto a la situacion de los padres (conviviendo, separados y solteros,

separados y con otra persona, otros)

X. 3.2.10. Parametros bioquimicos de rutina

La evaluacion bioquimica basal se realiza en la sangre del paciente. La muestra de sangre se recogio
del paciente tras doce horas de ayuno, se proces6 inmediatamente después de la recogida (centrifugado a
3000 g a 4°C durante 5 minutos) y las determinaciones se realizaron en condiciones estandarizadas. La
glucosa, el colesterol total, el HDL, los triglicéridos, el acido urico, la urea, la creatinina y la apolipoproteina
Al y B se midieron con métodos directos automatizados (Aeroset System® Abbott Chemical Clinic,
Wiesbaden, Alemania). Los niveles de colesterol LDL y VLDL se calcularon mediante la formula de
Friedewald y la relacion triglicéridos/5, respectivamente. La insulina y la homocisteina se determinaron
mediante un inmunoensayo de electroquimioluminiscencia automatizado (c8000® Architect, Abbott Clinic-
Chemistry). Los niveles de cistatina C se analizaron mediante inmunonefelometria con el nefelémetro
Behring 2 (Dade Behring, Marbung, Alemania). La proteina C reactiva de alta sensibilidad (hs-CRP) se
analizé por inmunonefelometria con un nefelémetro Behring2 (Dade Behring, Marbung, Alemania). La I'-

GT se midi6 por colorimetria enzimatica a 37 C en un analizador automatizado Roche / Hitachi (Mannheim,
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Alemania). La vitamina D (forma 25-hidroxivitamina D) se cuantificO por inmunoensayo
electroquimioluminiscente en el autoanalizador Roche COBAS 6000 (Roche Diagnostics GmbH, Mannheim,
Alemania). Para determinar la TSH se utilizdo un ensayo inmunoradiométrico directo (Beckman Coulter
UniceDxI 800, Beckman Coulter, L Hospitalet de Llobregat, Barcelona). El indice HOMA se calculé segun
la siguiente formula: HOMA = insulina en ayunas (Ui / ml) X glucosa en ayunas (mg / dL) / 405. El indice
aterogénico se calculd mediante la siguiente formula: triglicéridos (mg/dL)/HDL (mg/ dL). Los parametros
hematoldgicos se obtuvieron en sangre venosa obtenida en tubos con anticoagulante EDTA, utilizando el

autoanalizador Coulter LH750 Analyzer de Beckman Coulter.

X. 3.2.11. Parametros experimentales

El participante entregd las muestras de saliva al investigador el dia de la extraccion de sangre durante
la cual se recogieron dos muestras de sangre en vacutainer para las evaluaciones bioquimicas basales: una
con gelosa y otra con EDTA. Dichos tubos, junto con las muestras de saliva son transportados en condiciones
de refrigeracion y oscuridad al laboratorio de Pediatria, Obstetricia y Ginecologia de la Facultat de Medicina
de la Universidad de Valencia. Inmediatamente después de su llegada, las muestras de saliva se transfieren a
criotubos y se almacenan a -80°C. Las muestras de sangre se centrifugan a 1500rpm durante 10 minutos a
4°C, separando el plasma, el suero y las células. Las muestras se alicuotan y se almacenan a -80°C hasta la

realizacion de las pruebas.

X. 3.2.12. Marcadores metabdlicos y de inflamacion

Varios parametros interesantes en la investigacion de la obesidad no estan incluidos en los andlisis
bioquimicos de sangre rutinarios, por lo que los hemos evaluado por separado en las muestras que recogimos.
Las adipocinas Leptina, Resistina, Adiponectina, Ghrelina, y los marcadores inmunolégicos MCP-1, PAI-1,
IL-6, TNFa e INF-y se determinaron mediante inmunoensayo multiplex (Labscan 100 Luminex©, Merck
Millipore Merck KGaA, Darmstadt, Alemania) con tecnologia Luminex utilizando el software especifico 3.1

(Luminex Corporation. Austin, TX, USA.).

La omentina se cuantificé con un ensayo inmunoenzimatico (ELISA) (Human Omentin-1 ELISA,
Merck-Millipore, Darmstadt, Alemania) con el lector de placas multilabel VICTORTM X3 2030 (Perkin
Elmer, Waltham, MA, USA).
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X. 3.2.13. Melatonina y capacidad antioxidante

A los y las participantes se les proporcionaron tubos de plastico de 30 ml utilizados habitualmente
para la recogida de orina, en los que se instruy6 a los y las participantes para que dejaran caer su saliva hasta
recoger unos 300ul. Se les pidié que evitaran la exposicion a pantallas y la actividad fisica en los 15-30
minutos anteriores a la recogida de saliva. Se recogieron tres muestras de saliva de cada paciente la noche
anterior a la extraccion de sangre: 4h antes de la hora de dormir, 2h antes de la hora de dormir y después de

1h de suefio.

Antes del analisis, la saliva se centrifugé a S0O00RPM durante 2 minutos a 4°C. Se verifico que todas
las muestras estuvieran acondicionadas en la oscuridad, los tubos en completa hermeticidad y que se contara
con el volumen minimo necesario para el andlisis posterior. En cada muestra se cuantificd el nivel de
melatonina mediante inmunoensayo utilizando un kit salival de Salimetrics (Salimetrics, LLC Carlsbad, CA
USA), siguiendo las instrucciones disponibles en linea en  https:/salimetrics.com/wp-
content/uploads/2018/03/melatonin-saliva-elisa-kit.pdf. Cuanta mas melatonina haya en la muestra, mas
intensa sera la coloracién amarilla al final de la reaccidn, cuya cuantificacion se realiza utilizando un lector

de placas multimarcador VICTOR TM X3 2030 (Perkin Elmer, Waltham, MA, USA).

Se calculd la tasa horaria de aumento de la concentracion de melatonina a lo largo del tiempo entre
los diferentes puntos temporales:

La tasa de aumento de melatonina a lo largo de la noche se calculd6 como la diferencia entre la
concentracion de melatonina en el tltimo punto temporal (+1h después del inicio del suefio) y el primer punto
temporal (-4h antes del inicio del suefio) dividida por el nimero de horas entre ellos (5 horas).

La tasa de aumento de melatonina antes de dormir se calculd como la diferencia entre la
concentracion de melatonina en el punto temporal medio (-2h después del inicio del suefio) y el primer punto
temporal (-4h antes del inicio del suefio) dividida por el nimero de horas entre ellos (2 horas).

La tasa de aumento de melatonina alrededor del suefio se calculé como la diferencia entre la
concentracion de melatonina en el ultimo punto temporal (+1h después del inicio del suefio) y el punto

temporal medio (-2h antes del inicio del suefio) dividida por el nimero de horas entre ellos (3 horas).

La capacidad antioxidante total de estas muestras de saliva en los tres puntos temporales se evalud
mediante la reaccion colorimétrica del 2,2-difenil-1-picrilhidrazilo (DPPH). Esta molécula es un radical libre
estable y tiene un fuerte color purpura que absorbe a 517 nm, que desaparece cuando es eliminado por un
antioxidante. Este cambio de color puede ser medido con un espectrofotometro, este método ha sido descrito
y mejorado en numerosas ocasiones, y recientemente nuestro grupo de investigacion ha adaptado este método
para tener la posibilidad de utilizarlo en muestras muy pequefias de fluidos biologicos.234 Nosotros
utilizamos este método adaptado tal y como se describe en la publicacion, el DPPH fue adquirido en Aldrich

(Chemical Company, USA) y aplicado en una placa de 96 pocillos con fondo plano. Para la cuantificacion
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de la reaccion colorimétrica, se utilizé una curva estandar de Trolox equivalente como referencia para el
calculo de la capacidad antioxidante de las muestras de saliva. Tras 30 minutos de reaccion bioquimica, se
tomo una fotografia de la placa con una exposicion luminica homogénea de los pocillos utilizando un fondo
retroluminiscente. El color se cuantifico utilizando el plugin PlateReader 3.0 en el software imagel
(https://imagej.nih.gov/ij/plugins/readplate/index.html) analizando las imdgenes RGB por separado. En
cuanto a la cuantificacion de la melatonina, la medicion de la capacidad antioxidante se realizd con muestras
de saliva de tres puntos temporales: 4h antes de dormir, 2h antes de dormir y después de 1h de dormir. Y en
cuanto a la melatonina, los indices de aumento se calcularon a partir de las tres mediciones de la siguiente
manera

La tasa de aumento de la capacidad antioxidante a lo largo de la noche se calculé como la diferencia
entre la concentracién de melatonina en el Gltimo punto temporal (+1h después del inicio del suefio) y el

primer punto temporal (-4h antes del inicio del suefio) dividida por el numero de horas entre ambos (5 horas).

La tasa de aumento de la capacidad antioxidante antes del suefio se calculé como la diferencia entre
la concentracion de melatonina en el punto de tiempo medio (-2h después del inicio del suefio) y el primer
punto de tiempo (-4h antes del inicio del suefio) dividida por el nimero de horas entre ellos (2 horas).

La tasa de aumento de la capacidad antioxidante en torno al suefio se calculdé como la diferencia
entre la concentracién de melatonina en el ultimo punto temporal (+1h después del inicio del suefio) y el

punto temporal medio (-2h antes del inicio del suefio) dividida por el nimero de horas entre ambos (3 horas).

Estudio in vitro de los ritmos circadianos de los genes de los adipocitos: el impacto de la melatonina

X 3.2.14. Cultivo celular

El experimento se realizé con preadipocitos blancos humanos primarios aislados de tejido adiposo
subcutaneo adulto (Promocell, Heidelberg, Alemania) tras una liposuccién abdominal en una mujer caucésica
de 52 afios. Las células se sembraron a 105 células/ml en placas de seis pocillos y se cultivaron hasta la
confluencia en medio de crecimiento (Promocell, Heidelberg, Alemania) a 37°C en una atmdsfera
humidificada con un 5% de CO2. A continuacion, se colocaron en medio de diferenciacion (Promocell,
Heidelberg, Alemania). En la mitad de los cultivos celulares, el medio de diferenciacion se complementd con
30pg/ml de melatonina (N-acetil-5-metoxitriptamina). Un dia después, se recogieron los cultivos celulares
en 4 puntos temporales 8:00 AM, 10:45 AM, 6:30PM, 11:00PM. Todos los cultivos se realizaron por

triplicado.
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a) Cuantificacion del transcrito

El ARNm se extrajo utilizando un kit de extraccion de ARN de Qiagen retrotranscrito con el kit de
sintesis de microARNc gScript. La PCR cuantitativa se realiz6 utilizando PerfeCTa SYBR Green Super Mix
Low ROXTM (QIAGEN Beverly, Inc.) en placas de 384 pocillos utilizando un termociclador QuantStudio
3 (Applied Biosystems Waltham, Massachusetts). Los valores del umbral de ciclo (CT) se obtuvieron por
triplicado para los genes B-actina, BMAL1, CRY, PER2, MT2, PPARy, C/EBPa, LPL, LEP, aP2,
Adiponectina (GBP-28) y PAI-1. Se utiliz6 el gen B-actina como referencia, los resultados se presentan en

ACT.

X. 3.3. Analisis estadistico

Se utiliz6 el software R (version 3.5.0 R Core Team, 2018, Viena, Austria) para todo el analisis235,
y se empled el paquete tidyverse para el trabajo estadistico y las representaciones. Se utilizaron otros paquetes
a lo largo del andlisis de los datos: readxl, psych, RemdrMisc, ggsignif. Se utilizé el paquete sjPlot para
construir las tablas.

En cuanto a los valores atipicos, se revisd6 manualmente cada variable y se excluyeron del analisis
los puntos distantes de mas de 6 desviaciones estandar respecto a la media. No se identificé ningun individuo
como atipico utilizando la distancia de Mahalanobis. Para el cotejo de edades, se excluyeron del estudio los
tres participantes de 14 afios y los dos de 15 afios del grupo de obesidad que tenian el mayor nimero de
valores perdidos. Se utiliz6 una prueba de Shapiro-Wilk para evaluar la normalidad de cada variable
cuantitativa. En nuestra poblacion de estudio, las variables no siguen una distribucién normal, por lo que las
pruebas estadisticas se eligieron en consecuencia. Los datos cuantitativos se expresan como mediana y rango
intercuartil, y los datos categdricos como nimero absoluto o porcentaje. La significacion estadistica se
establece sobre la base de una p <0,05. Se utilizaron las pruebas de Wilcoxon para las comparaciones de
grupos de variables cuantitativas, no apareadas para las comparaciones entre grupos y apareadas para las
comparaciones de un mismo grupo en varios puntos temporales. Se realizé una prueba de Fisher para analizar
la significacion de los odds-ratios. Los parametros implicados en el andlisis de odds ratio y los puntos de
corte se muestran a continuacioén. Una parte de ellos son factores de riesgo metabdlico tradicionales cuyos
valores de corte fueron publicados previamente. En el caso de la leptina, los limites de normalidad para estas
variables se calcularon como el percentil 97 del grupo de control. En cuanto a los horarios, se utilizo la

mediana de la hora de las comidas en el grupo de control para definir temprano y tarde.

Para la modelizacion de los ritmos circadianos de los genes reloj, se utilizaron los paquetes Cosinor
(version 1.1), ggplot2 y dplyr. Se graficd la expresion de los transcritos en ACT en funcion del tiempo, y se
construy6 un modelo cosinor para cada condicion (con y sin melatonina) aplicando una regresion de minimos
cuadrados parciales de un periodo de 24h. Se aplico el test de Wald integrado en el paquete R cosinor para

estimar la diferencia entre las dos condiciones en términos de amplitud, acrofase y mesor del ritmo. Las
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correlaciones se evaluaron utilizando la funcién pcor.test del paquete ppcor (paquete R version 1.1.; 2015)
para calcular el coeficiente rho de Spearman y el valor p asociado. El grafico de arafia se realizd con el
paquete fmsb version 0.7.3, 2022. Todas las correlaciones se ajustaron por sexo, edad e indice de pubertad.
Previo al Analisis de Componentes Principales (ACP), se seleccionaron las variables correlacionadas con el
aumento de melatonina alrededor de la hora del suefio, se calcul6 el indice Kaiser - Mayer - Olkin, conocido
como indice KMO, y se realiz6 la prueba de esfericidad de Barlett para evaluar la adecuacion de la muestra.
Se utilizd el paquete Factoshiny (paquete R version 2.4.; 2021) para el ACP y la posterior clasificacion
jerarquica. Para cada andlisis multivariante, los valores perdidos se imputaron con un modelo en k
dimensiones seleccionado en la aplicacion Factoshiny que incluia sélo las variables afectadas por el andlisis.
Por tultimo, se utilizé el paquete caret para construir modelos de bosque aleatorio utilizando como métrica la
caracteristica operativa del receptor (ROC), que integra tanto la sensibilidad (tasa de verdaderos positivos)

como la especificidad (tasa de falsos positivos) del modelo.

X.3.4. Confidencialidad, informacion y ética

Todos los pacientes y sus familiares fueron informados sobre el estudio: descripcion del estudio,
beneficios y posibles riesgos, pasos a seguir en la toma de muestras y tratamiento a dar a los resultados
obtenidos por el investigador o el dietista del equipo, junto con el pediatra. Tras informar a los pacientes y la
aceptacion por parte de los padres de los menores, se firmo el consentimiento informado por parte de los
padres y del participante a partir de los 12 afios.

Toda la informacion recogida de participantes fue tratada con confidencialidad y toda la base de
datos siguio el proceso de pseudoanonimizacion de acuerdo con la normativa legal vigente en Espaiia (Ley
Orgéanica 7/2021, de 26 de mayo de Proteccion de Datos de Caracter Personal y Ley (UE) 2016/679
Parlamento Europeo modificada el 23 de mayo de 2018, Ley Organica 3/2018, de 5 de diciembre, de
Proteccion de Datos Personales y garantia de los derechos digitales).

El presente proyecto de investigacion fue aprobado por el Comité Etico del Hospital Universitario

Dr. Peset de Valencia el 29 de marzo de 2018.

X.4. RESULTADOS Y CONCLUSIONES

Se describieron y compararon los dos grupos del estudio. La tasa de aumento de melatonina en torno

al suefio se encontrd mayor en el grupo de control en comparacioén con el grupo de obesidad.

Nos propusimos comprender mejor el efecto de la melatonina en los ritmos del metabolismo.
Estudiamos in vitro los ritmos circadianos de los genes de los adipocitos y el efecto de la melatonina sobre
estos ritmos. Observamos que los adipocitos cultivados en contacto con la melatonina mostraban una mayor

amplitud en todos los genes estudiados, aumento que fue significativo para dos de los tres genes del reloj
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estudiados (PER2 y CRY), y dos genes metabdlicos (Adiponectina y LPL). Para completar la comprension
de la influencia de la melatonina sobre los genes oscilantes periféricos, estan indicados otros estudios que
investiguen el efecto de estimulaciones puntuales de melatonina, a diferentes horas, duraciones y

concentraciones.

En nuestro estudio en la infancia, encontramos que la tasa de aumento de melatonina entre -2h antes
de dormir y +1h después del inicio del suefio, se encontrd correlacionada con los marcadores antropométricos
y metabdlicos, el cronotipo, los habitos de vida y las caracteristicas del entorno del suefio. El cronotipo
también se correlacion6 con numerosas variables caracteristicas de la obesidad, incluyendo factores
metabolicos, inflamatorios, habitos de vida y ambientales. Ademas, la duracion del suefio, la hora de la cena,
la presencia de dispositivos de pantalla en el dormitorio por la noche y el contexto sociodemografico familiar,
también se correlacionaron con caracteristicas antropométricas, clinicas, metabdlicas e inflamatorias
asociadas a la obesidad. Este enfoque de correlaciones multiples nos mostré que muchas variables del estudio
estan vinculadas individualmente con otras. Para visualizar las relaciones entre multiples variables al mismo
tiempo, se realizd6 un andlisis de componentes principales (ACP) incluyendo todas las wvariables
correlacionadas con la melatonina. La jerarquia basada en este PCA mostrd la existencia de tres grupos entre
los que los individuos compartian caracteristicas similares. En particular, revel6 que el grupo de
obesidad/sobrepeso podia en realidad separarse en dos subgrupos, uno compuesto por individuos con mejores
resultados metabolicos y de inflamaciéon que el otro subgrupo. Curiosamente, en este subgrupo
metabolicamente mas sano, los y las participantes también se acostaban mas temprano, con menor habito de
siesta, una mayor duracion del suefio durante la jornada escolar, menos dispositivos tecnologicos en el
dormitorio y un cronotipo mas temprano en comparacion con el otro grupo. Esto sugiere que entre los
individuos con obesidad, un cronotipo mas temprano y una mejor calidad y duracion del suefio pueden limitar
el desarrollo de comorbilidades y, por el contrario, los comportamientos mas tardios y el suefio corto pueden
empeorar los riesgos metabolicos asociados a la obesidad. Para seguir construyendo una comprension
multidimensional de los pardmetros asociados a la obesidad y visualizar la fuerza de su vinculo con esta
enfermedad, desarrollamos un bosque aleatorio. Gracias a este algoritmo de aprendizaje automatico,
obtuvimos un modelo predictivo de la obesidad basado en las caracteristicas de los habitos de vida, el suefio
y el entorno. Aunque la precision fue relativamente baja, esta prueba de concepto demuestra que estos
parametros se asocian conjuntamente con la obesidad. Paralelamente, desarrollamos un segundo algoritmo
para ilustrar la huella de los biomarcadores de la obesidad, incluyendo todas las caracteristicas metabolicas
e inflamatorias, asi como la tasa de aumento de la melatonina en torno al tiempo de suefio. El analisis de la
importancia relativa de los metabolitos incluidos reveld que la melatonina estaba al mismo nivel que los
marcadores cldsicos como la adiponectina, la omentina, la grelina o la glucosa. En conjunto, estos analisis
ilustran el aspecto multidimensional de la obesidad y respaldan la importancia de tener en cuenta los ritmos
circadianos, pero también los factores externos, como el suefio, el entorno y los habitos de vida, a la hora de

investigar, prevenir y tratar la obesidad.
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La tasa de aumento de melatonina en torno a la hora de dormir se encontrd significativamente menor
en el grupo que presentaba obesidad infantil. Esta modificacion se encontrd asociada a diferentes
factores de riesgo como antropométricos (mayor indice de masa corporal, porcentaje de masa grasa
e indice de cintura/altura), metabolicos (aumento del indice HOMA, grelina, leptina), cronotipo mas
tardio, hébitos de vida (acostarse mas tarde, menor duracion del suefio, reparto mas tardio de la
ingesta caldrica en las comidas) y factores ambientales (mas dispositivos de pantalla en el
dormitorio).

En los adipocitos humanos estimulados con melatonina, se observé un aumento de la amplitud de la
expresion circadiana de los genes del reloj y de los genes metabdlicos.

El método de medicion de la melatonina mediante tres muestras de saliva durante la noche resultd
funcional para la evaluacién de la tasa de aumento de la melatonina en torno a la hora de dormir.
Se encontré una correlacion entre el cronotipo y numerosos factores: cuanto mas precoces son los
cronotipos, mas saludable es el metabolismo (menor creatina y albimina, mayor transferrina) y
menor inflamacion (IFN-y, TNF-a), habitos de vida mas saludables (acostarse antes, mayor duracion
del suefio, menos jetlag social) y factores ambientales (menos dispositivos de pantalla en el
dormitorio, situacion laboral mas estable del padre).

La duracion del suefio se correlacioné negativamente con la obesidad a través de factores
antropométricos (menor IMC, porcentaje de masa grasa e indice de cintura/altura), clinicos (menor
presion arterial diastolica), metabolicos (menor glucosa, triglicéridos), inflamatorios (menor PAI-1,
MCP-1), habitos de vida (menor jetlag social, acostarse mas temprano, menor amplitud temporal de
la ingesta nutricional, horarios de comidas mas tempranos y reparto de la ingesta nutricional en las
comidas) y factores ambientales (menos pantallas en el dormitorio).

La hora de la cena se correlaciond positivamente con la obesidad a través de factores metabolicos
(mayor glucosa y albumina, menor hierro), hébitos de vida (menor duracion del suefio y mayor
amplitud temporal de la ingesta nutricional, horarios de comidas més tardios y reparto de la ingesta
nutricional en las comidas).

La exposicion nocturna a la pantalla se correlaciond positivamente con la obesidad a través de
factores antropométricos (mayor IMC, porcentaje de masa grasa y relacion cintura/altura),
metabolicos (mayor indice HOMA, leptina), cronotipo, habitos de vida (mas siesta, jetlag social y
acostarse tarde) y ambientales (padre desempleado, padres separados).

Las caracteristicas sociodemograficas de los padres se relacionaron con la obesidad, ya que los
niveles de estudio mas bajos de los padres y el empleo inestable del padre se correlacionaron con
factores antropométricos (mayor IMC, porcentaje de masa grasa y relacion cintura/altura), clinicos
(mayores niveles de presion arterial sistolica y diastdlica), metabdlicos (mayor indice HOMA
triglicéridos, leptina, vLDL), inflamatorios (mayor C3, PAI-1), factores de habitos de vida (peor
calidad del suefio, mas jetlag social, menor actividad fisica, mas leche de formula como nutricién
temprana, reparto posterior de la ingesta nutricional en las comidas) y factores ambientales (més

dispositivos de pantalla en el dormitorio).
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e Un analisis de agrupacion reveld que el grupo con obesidad y sobrepeso estaba compuesto por dos
subgrupos. En uno de ellos, en comparacion con el otro, el grupo de participantes con obesidad y
sobrepeso presentaban mejores caracteristicas de salud metabodlica en paralelo a una hora de
acostarse mas temprana, un menor habito de siesta, una mayor duracion del suefio durante la jornada

escolar, menos dispositivos tecnoldgicos en el dormitorio y un cronotipo mas temprano.

e Un modelo de prediccion de la obesidad basado en los habitos de vida y los factores ambientales
subray6 que la obesidad esta asociada a la calidad del suefio, el horario de los habitos de vida y el
reparto de la ingesta calorica en las comidas.

e Un modelo de biomarcadores mostr6é que la tasa de aumento de la melatonina en torno al suefio no
se encontraba entre los marcadores mas potentes de la obesidad (leptina, C3, indice HOMA, hs-
CRP), sino que estaba al mismo nivel que los marcadores clasicos como la adiponectina, la omentina,

la grelina o la glucosa.

Como conclusion general, en el presente estudio se encontr6 una relacion entre los habitos de vida,

las variaciones de la melatonina y los trastornos metaboélicos en la obesidad infantil.
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Abstract

Introduction: Numerous studies on nightshift workers evidence a link between circadian rhythms
disruption and metabolic disorders. In parallel, other investigations mainly carried out on animal models or
in human adults, show a link between the timing of life habits, insufficient duration and poor quality of sleep,
and the development of obesity and its comorbidities. Nevertheless, little is known about the role played by
these mechanisms in the current epidemic of childhood obesity. Therefore, we developed a study of the
relationship between life habits, circadian rhythms of melatonin, and metabolism, in the context of childhood
obesity. In complement, we also studied in vitro the impact of melatonin on the circadian rhythm of the
genetic expression of adipocytes.

M&M: A transversal and analytical study was performed on 203 children between 7 and 16 years
old, assigned to the control group or the overweight and obesity group. Anthropometric and clinical
characteristics were collected, metabolic and inflammatory markers were measured in the plasma. Melatonin
was assessed by immunoassay in saliva that was collected by the participants at home at three time points:
4h before sleep time, 2h before sleep time and after 1h of sleep. Questionnaires were used to collect
information about life habits, chronotype, and life environment. The in vitro study was performed on human
subcutaneous adipocytes, after 24h in culture with or without melatonin supplementation, RNA was extracted
at four time points and quantified by rtqPCR for clock genes and metabolic genes.

Results: A lower increase rate of melatonin around sleep time was observed in children with
overweight and obesity. In parallel, the in vitro study showed that adipocytes stimulated with melatonin
present a greater amplitude in the circadian expression of clock genes and metabolic genes. In children,
correlations and multivariate analysis showed interrelationships between variables from all the different
categories: anthropometry, clinic, metabolism, inflammation, circadian rhythms, chronotype, life habits, and
environment. A subsequent clustering analysis showed that among the individuals from the obesity group, a
subgroup of individuals presented a better metabolic health in parallel of earlier life habits and a longer sleep
duration. An algorithm showed that, among the parameters studied, poor sleep quality and duration and late
meal timing were the strongest predictors of obesity. Another algorithm showed that melatonin nocturnal
increase rate was as much a biomarker of obesity as classic markers such as adiponectin, omentin, ghrelin,
or glucose.

Discussion: The present findings support that there is, in childhood obesity, a relationship between
life habits, circadian rhythms of melatonin and metabolism. We observed that late chronotypes and life habits,
short sleep duration, poor sleep quality, and eating more in the later part of the day, are associated to poorer
metabolic health outcomes, in parallel of an altered nocturnal melatonin rise. Plus, the presence of screen
devices in the sleep environment, as well as low education levels of the parents and precarious work situation
of the father, appear as risk factors for the children in term of social jetlag, short sleep, late life habit, but also
obesity and its metabolic alterations. These new findings emphasize the importance to address sleep, life

habits timing, and life environment, in the development of measures of prevention and treatment of obesity.



