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The aim of the paper is to review the current evidence on the impact of ‘the timing of energy
intake’ on the risk of developing obesity and obesity-related metabolic diseases. The preva-
lence of obesity is currently increasing worldwide thus becoming a severe health burden for
most countries. Indeed, obesity represents a risk factor for several non-communicable dis-
eases such as cancer, type 2 diabetes, dyslipidaemia, CVD and overall mortality. In order
to treat obesity, several pharmacological approaches have been developed and are indicated
for subjects with obesity with a BMI > 30 kg/m? or > 27 kg/m? and obesity-related comorbid-
ities. For severe obesity (BMI > 40 kg/m?), bariatric surgery represents a promising approach.
The most common bariatric surgical procedures are represented by the Roux-en-Y gastric
bypass, laparoscopic adjustable band, laparoscopic gastric sleeve and biliopancreatic diver-
sion with duodenal switch. Both anti-obesity pharmacological and surgical treatments
require change in lifestyle. When a nutritional plan is established, attention is usually
paid to macronutrient composition and energy intake, while ‘the time of food’ is not
taken into account. Chronotype, which is the attitude of a subject to carry out most of
their daily activities in the first (morning chronotype) or second half (evening chronotype)
of the day, has been reported to have a role in the pathogenesis of obesity and obesity-related
cardiometabolic diseases as well as eating speed. Thus, adopting a physiological timing of
energy intake could be an additional strategy to potentiate the current anti-obesity
approaches.
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Obesity is a chronic disease that is becoming a growing
public health burden globally". Indeed, the prevalence
of obesity has been reported to have tripled since
1975, Weight excess that characterises obesity results
in negative consequences for health®. In particular, it
has been highlighted that obesity could negatively influ-
ence the quality of life™® not only because of mechanical
impediment of weight excess but also because of the

coexistence of obesity-related comorbidities such as
type 2 diabetes, hypertension, CVD and non-alcoholic
steatohepatitis'®. However, obesity is still an underesti-
mated disease®. According to data coming from the
National Health and Nutrition Examination Survey
2011-2018, the advice to lose weight was given to only
40 % of adults with obesity or overweight>. In addition,
in the U.S. national awareness, care, and treatment in
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obesity management study, the diagnosis of obesity was
made in only 55 % of subjects with obesity ®.

The pathogenesis of obesity involved several ‘actors’.
Indeed, it is a multifactorial, disease involving lifestyle
behaviours, food intake, metabolism, energy expenditure
and physical activity'”.

The current treatments for obesity include pharmaco-
logical, surgical and non-pharmacological approaches®.
Several pharmacologic agents were approved by the U.S.
Food and Drug Administration and the European
Medicines Agency for weight management with the pur-
pose of helping subjects with obesity achieve target
weight loss by antagonising the bod(y’s adaptation
mechanisms that counteract weight loss”. The indica-
tions for pharmacologic theragy are for subjects with
obesity with a BMI>30kg/m? or >27kg/m’ and an
obesity-related comorbidity such as type 2 diabetes,
hypertension, obstructive sleep apnoea or dyslipidaemia.
Pharmacological therapy should be stopped if subjects
with obesity do not experience a significant reduction
in body weight after 3 months of treatment®.

Aside from pharmacological treatment, bariatric sur-
gery is also a promising approach for treating obesit;/
and it is indicated when BMI is 40 kg/m* or higher'”.
The most common bariatric surgical procedures are the
Roux-en-Y gastric bypass, laparoscopic adjustable
band, laparoscopic gastric sleeve and biliopancreatic
diversion with duodenal switch'?.

The non-pharmacologic approaches to obesity are
mostly represented by dietary interventions'". Although
there is a wide array of nutritional protocols, the aim of
dietary interventions is to establish a negative energy bal-
ance needed for weight loss. However, patients can be
guided in the selection of an appropriate diet, and the
best diet intervention is the one to which the patient can
adhere V.

Although the macronutrient composition is taken into
account when establishing the nutritional plan, attention
is not paid to ‘the time of the food . In recent years, sev-
eral studies have highlighted how feeding times, eating
speed and frequency, and chronotype can influence bio-
logical rhythms, determining subject’s tendency to
develop obesity and metabolic diseases!'”. Thus, the
aim of the paper is to review the current evidence on
the impact of ‘the time of food’ on the risk of developing
obesity and obesity-related metabolic diseases.

Chronotype

Chronotype is a subject’s attitude to carry out most
of their daily activities in the first part (morning chrono-
type or ‘lark’) or in the second part (evening chronotype
or ‘owl’) of the day"®. Based on circadian behavioural
phenotype variants, three categories of chronotypes
could be identified: morning, evening and intermediate
chronotypes. The morning chronotype prefers to wake
up early and do their daily activities in the first half of
the day. The evening chronotype prefers to wake up
later in the morning and do most of their daily activities
in the afternoon or evening. In an intermediate position
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between these two categories, there is an intermediate
chronotype, who has habits that fall between morning
and evening chronotypes without a clear preference
between morning and evening'?.

The nutritional habit of evening chronotype is usually
unhealthy and is characterised by delayed mealtimes,
most of the daily food intake in the second half of the
day and skipping breakfast!*!>. In particular, we previ-
ously demonstrated in a cross-sectional study aiming to
investigate the association between chronotype categories
(morning, evening, intermediate) and adherence to
Mediterranean diet in 172 middle-aged Italian adults,
that evening chronotype showed the lowest adherence
to Mediterranean diet compared to morning and inter-
mediate chronotypes'®. Given the role of the association
of diet with chronotype we also suggested a specific cut-
off of the Prevencién con Dieta Mediterranea score, a
validated questionnaire for assessing adherence to
Mediterranean diet, which identifies subjects with the
evening chronotype!!”. Of note, a Prevencién con
Dieta Mediterranea score <8 was the threshold for iden-
tifying subjects with the evening chronotype''”.

Almost all studies examining the aspect of mealtimes
reported similar results, with earlier chronotypes having
earlier mealtimes and later chronotypes having later
mealtimes'® Y. Thus, these results reflect the possibility
that the norm of mealtime follows a person’s own bio-
logical clock despite social clock limitations. Meule
et al. suggested that the biochemical rhythm of
appetite-regulating peptides (leptin and ghrelin) might
underlie this behaviour, since the evening chronotype
has a delayed release of ghrelin and leptin than the morn-
ing chronotype®”. The results of recent research have
added to the growing body of evidence su?porting the
link between chronotype and breakfast®' >, A genetic
study was conducted on fifty-three pairs of female
twins to investi%ate the influence of genetic inheritance
on mealtimes®”. They found that the time of breakfast
(56%) and Iunch (38%) was mainly genetically
influenced, but not the time of dinner. In addition, the
genetic heritability of waking time was also greater
than sleeping time (55 v. 38 %)“. Hence, this could be
the possible underlying mechanism behind the relation-
ship between chronotype and breakfast habits, since
chronotype was also associated with sleep—wake
time®**>. Another interesting finding from the latest
research is that only the morning chronotype benefited
from higher energy intake earlier in the day (within 2 h
of waking) and was protected from obesity, with a
reduced likelihood of developing overweight or obes-
ity Althou_%h many studies highlight the importance
of breakfast®”*® not everyone (especially the evening
chronotype) may be able to reap its benefits. There are
a limited number of studies on the effects of delaying
meal timing in individuals with evening chronotypes.
Delay in eating dinner or supper was less severe in even-
ing chronotypes than in shift workers (range: 7:19 p.m. to
9:31 p.m.)'¥. Nonetheless, evening chronotypes remain
subject to a milder form of chronodisruption (in terms
of irregular and delayed mealtimes)®”. The subjects
belonging to different chronotype categories mostly
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differ in feeding timing, although they reported similar
nutrient intake""*'>*?. Indeed, it has been reported
that subjects with evening chronotype were more prone
to have less energy intake by 4-5% in the morning and
more energy intake by 6-7 % at evening compared to
subjects with morning chronotype®”. Thus, it highlights
that although subjects belonging to different chronotype
categories have the same amount of energy intake during
the day, the breakdown of energy intake throughout the
day is different. In addition, subjects with morning
chronotype prefer to eat protein-rich meal in the first
half of the day while subjects with evening chronotype
prefer sucrose intake®®. The preference to consume
more alcohol and caffeine is another feature of subjects
with evening chronotype®" that can also contribute to
the higher grevalence sleep disturbances in this category
of subjects®*3%).

Among the several nutritional aspects addressed so
far, it appears that chronotype also influences eating
speed. In order to better characterise the eating habits
of subjects with obesity belonging to three different
chronotype categories, we previously investigated eating
speed during the three main meals in eighty-one subjects
with overweight/obesity in a cross-sectional study®®. To
investigate the duration of main meals, a dietary inter-
view by a qualified nutritionist was conducted. Subjects
with the evening chronotype spent significantly less
time on lunch than subjects with the morning
chronotype®?.

Consequently, the nutritional habits of subjects with
evening chronotype increase the risk of developing obes-
ity and obesity-related disease.

In this regard, chronotype seems to be also involved in
metabolic comorbidities. Results of our previous
research in 174 middle-aged Italian adults found out
that the evening chronotype was linked to an increased
risk of type 2 diabetes and CVD compared to morning
chronotype after adjustment for sex, BMI, sleep quality
and adherence to Mediterranean diet®”. In a cross-
sectional study in eighty-seven subjects with obesity
aimed to investigate the association of non-alcoholic
fatty liver diseases with chronotype categories, only indi-
viduals with the evening chronotype were above the
threshold of non-alcoholic steatohepatitis evaluated as
index of non-alcoholic steatohepatitis (>50)*®. In add-
ition, subjects with the evening chronotype presented
significantly higher indirect indices of non-alcoholic
fatty liver diseases such as visceral adipose index, liver
fatty equation, hepatic steatosis index and index of non-
alcoholic steatohepatitis than morning chronotype, also
after the adjustment for age, sex and BMI®®.

Besides as seen earlier a role in the development of
metabolic comorbidities and in determining eating habits
in obesity, chronotype also appears to influence the
efficacy of nutritional approaches for obesity. In particu-
lar, existing literature suggests that very low-energy keto-
genic diet can be an effective intervention for weight loss
and improving metabolic health in individuals with obes-
ity®7 3% In this regard, we carried out a study to inves-
tigate whether chronotype categories can have a role in
determining the efficacy of very low-energy ketogenic
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diet in terms of weight loss and changes of body compos-
ition in 248 women with overweight or obesity“?.
Women with evening chronotype experienced signifi-
cantly less weight loss, reduced fat mass and increased
fat-free mass than women with morning chronotype.
Using a linear regression model, chronotype score was
the main predictor of weight loss achieved with very low-
energy ketogenic diet®”).

In conclusion, the circadian preference towards even-
ingness is associated with a delay in meal timing, the
breakfast skipping habit, engagement with excessive con-
sumption during night-time, lower protein and vegeta-
bles intake, as well as increased sucrose, sweets,
caffeine and alcohol intake. A limited number of studies
have also shown that the aforementioned chronotype was
related to a lower intake of grains and fruits. Despite
that, both morning and evening chronotypes relatively
consumed the same number of energy, amount of carbo-
hydrates, fat, cholesterol, fibre, legumes, meat, fish and
dairy products. Nonetheless, more aspects of dietary
behaviours, micronutrients and other food group intakes
between chronotypes remain uncertain, and more studies
are required to elucidate the relationship between chron-
otype and body weight in the long term.

Eating speed

Eating speed is the length of time spent eating. In par-
ticular it has been highlighted that lower energy intake
is usually accompanied by slow-eating speed thus provid-
ing important evidence that slow eating is a fundamental
component of healthy dietary pattern®”. In addition,
eating speed is of paramount importance because if it is
too fast, it increases the risk of developinﬁ obesity and
obesity-related cardiometabolic diseases**?. This is
due to the impact of eating speed on secretion of hor-
mones that play a role in the regulation of satiety and
appetite®. In fact, slow-eating speed results in an
increase in the secretion of peptide YY and glucagon-like
peptide-1, that in turn exert a beneficial effect on
weight“?. Eating speed is determined by mastication
that could also have an impact on energy intake and
body weight because it could modify the composition
of the bolus thus making it more digestible andg havin
a different effect on secretion of satiety and appetite
hormones*?.

It is interesting to underline that eating speed could
also have a role in determining the risk of developing
obesity-related cardiometabolic complications“*** 4%,
However, in the assessment of patients with obesity, eat-
ing speed is not usually evaluated, just giving importance
to BMI, waist circumference, waist:hip ratio and waist:
height ratio, currently considered the main markers of
health risk in obesity®. These parameters reflect the
unhealthy long-term behaviours in the body®’*®. In
this context, eating speed might become an early marker
that could predict long-term nutritional behaviours.
Indeed, eating speed has been used in several Ja;aanese
cohort studies as a predictive factor for obesity™“**=>1.
However, in most of the studies carried out on obesity,
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especially outside of Asia, eating speed is often not taken
into account, thus missing important information on
nutritional habits. Thus, it would be of paramount
importance to include eating speed in the assessment of
patients with obesity because acting on this parameter
could contribute to implement the efficacy of current
anti-obesity treatments and in subjects at high risk to
develop weight excess, it could contribute to prevent
obesity.

Eating speed has not only been associated with obes-
ity. Indeed, a cross-sectional study has been carried out
aiming to investigate the link between eating speed and
cardiovascular risk factors in 792 subjects previously
enrolled in the Prevencién con Dieta Mediterranea
study™®. Each subject self-reported eating speed thus
was then categorised as slow, medium or fast. The
main finding of this study was that fast-eating subjects
had 59 % more chances to develop hypertriglyceridaemia
compared to slow-eating subjects, also after adjustment
for potential confounders®. We also carried out a simi-
lar cross-sectional study in eighty-seven subjects with
obesity aimed to investigate the effect of eating speed
at the main meals (breakfast, lunch and dinner) on the
risk of developing cardiometabolic diseases (type 2 dia-
betes mellitus, dyslipidaemia and hypertension)*?. A
dietary interview was performed to collect information
about meal duration and eating habits at the main
meals. According to median value of meal duration,
meals were classified into two groups: fast-eating group
and slow-eating group. Of note, the prevalence of dysli-
pidaemia was more than twice in the fast-eating group
compared to the slow-eating group at lunch and dinner.
Fast-eating group had a significantly higher risk of dysli-
pidaemia than the slow-eating group at lunch and din-
42 Another interesting study carried out in the
Netherlands aimed to evaluate what was the association
of eating speed with consumed foods and
the macronutrient composition of nutritional pattern®>.
The authors found that eating speed was positively corre-
lated with food and energy intake. In addition, eating
speed was inversely correlated with energy density and
positively with water content. The intake of carbohy-
drate, protein and fibre content was the greater the faster
eating rate was, thus suggesting that an overconsumption
of food may occur when subjects tend to eat fast®?.
Visceral adipose tissue is considered a key risk factor
for obesity-related cardiometabolic diseases®. Japanese
researchers aimed to evaluate the association of eating
speed with fat deposition in subjects without obesity©®>.
They enrolled 381 participants undergoing MRI in
order to quantify visceral and subcutaneous fat areas.
Eating speed was self-reported by each subject filling a
questionnaire. Interestingly, the prevalence of visceral
adipose tissue >100 cm?® was higher in fast eaters com-
pared to slow eaters while no difference in subcutaneous
adipose tissue was detected between the two groups.
Finally, they found that eating speed was positively cor-
related with visceral adipose tissue, while this association
was not found with subcutaneous adipose tissue®?.

It is well known that among factors that influence the
predisposition to develop obesity, physical activity plays
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an important role and it should be taken into account as
confounding factors in studies carried out in subjects
with obesity®?. Interestingly, eating speed is associated
with the risk of developing obesity, also after adjustment
for 5physical activity as demonstrated in several stud-
ies®> " Although a strong relationship has been high-
lighted in the earlier reported evidence between obesity
and eating speed, the cross-sectional design of these stud-
ies does not allow drawing conclusion on casual associ-
ation. More information was provided on that sense by
a longitudinal study that was carried out aiming to inves-
tigate the effects of changes in lifestyle habits on changes
in obesity, mostly focusing on eating speed and type 2 dia-
betes, using health checkup and insurance claims data that
were generated from 2008 to 2013®. Data coming from
59 717 subjects that were diagnosed with type 2 diabetes
in the study period were analysed. Also eating speed,
BMI and lifestyle habits (eating dinner within 2 h of sleep-
ing, after-dinner snacking, skipping breakfast, alcohol
consumption frequency, sleep adequacy and tobacco con-
sumption) were assessed. Slow eating was associated with
a decreased risk of developing obesity; indeed, slow eaters
had lower BMI and waist circumference than fast eaters
thus suggesting that interventions focused on slowdown
of eating speed may be a promising approach to prevent
obesity®®. Another longitudinal study was carried out
to investigate the association of eating speed with obesity
in 529 male workers receiving health checkups in 2000 and
2008°”. In 2008, information on alcohol consumption,
smoking status, self-reported speed of eating and exercise
was collected while height and weight were assessed in
both 2000 and 2008. Interestingly, fast eaters experienced
a higher weight gain (1-9 kg) compared to slow eaters (0-7
kg). Although the statistical significance was detected in
the 20-29 year age group, a trend was detected also in
other age groups, thus suggesting that the rate of weight
gain was tightly related to eating speed®”.

Also, a sex difference has been detected in eating
speed®*33®)  Indeed, males are more commonly fast
eaters than females®®>**® and this could partially
explain also the increased risk of developing obesity
found in this sex®.

Eating speed has been also reported to be associated
with metabolic syndrome®®>>%? Indeed, a study carried
out in Japan in 8941 community residents from Soka city
in Saitama prefecture, participating in a baseline survey
in 2008 and followed up until 2011 aimed to investigate
the association between eating speed and incidence of
metabolic syndrome using Cox proportional hazards
models adjusted for potential confounding variables®”.
During the 3-year follow-up, 647 subjects developed
metabolic syndrome (25-0 cases/1000 person-years). In
particular, the incidence rates of metabolic syndrome
were higher in fast eaters (3-1 %) than slow eaters (2-3
%). Eating speed was significantly associated with waist
circumference and HDL-cholesterol components of
metabolic risk factors. These results suggested that tar-
geting eating speed could be an additional tool to prevent
metabolic syndrome®”. Similar results were found in
another cross-sectional study carried out in Japan in
56 865 subjects (41820 males and 15045 females)
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without history of CVD that attended a health checkup
in 2011 investigating the association between self-
reported eating rate and metabolic syndrome®. The
main findings of this study were that eating speed was
significantly and positively associated with metabolic
syndrome and with abdominal obesity. The link of eating
speed and metabolic syndrome and its components was
attenuated after adjustment for BMI; however, the link
between slow-eating speed and lower odds of hyperten-
sion and impaired glycaemia as well as the link between
fast-eating speed and higher odds of dyslipidaemia
remained significant also after adjustment for confound-
ing factors®™. Evidence on the association between eat-
ing speed and metabolic syndrome comes also from a
prospective study carried out in a Japanese working
population®”. One thousand and eighteen workers with-
out metabolic syndrome at baseline were enrolled and
were assessed at baseline and after 3 years. Eating
speed was self-reported and metabolic syndrome was
diagnosed according to criteria joint from several inter-
national societies. The relevant results of this study
were that fast eaters had an increased odds of developing
metabolic syndrome compared with medium eaters thus
suggesting that eating speed was associated with a risk
of developing metabolic syndrome that was independent
from BMI, BMI change between baseline and follow up
surveys and total energy intake®.

Beyond the association of eating speed with metabolic
syndrome, it has been reported also a link with metabolic
parameters“?. A cross-sectional study carried out in 7972
Chinese adults found that eating speed was significantly

associated with a high risk of hypertension and visceral
obesity for both sexes“?. In addition, eating speed was
linked with a high risk of hypertriglyceridaemia and low
HDL-cholesterol levels in males while it was associated
with alterations of fasting plasma glucose in females“®.

Little is known regarding the role of eating speed in
the context of diabetes; a study carried out in 5479
Japanese adults with HbAlc <6-5% participating in
health checks investigated the relationship between eat-
ing behaviour and poor glycaemic control®®. A survey
was conducted in 2013 and the very same subjects that
participated in this survey were subsequently followed
up until 2017. Poor glycaemic control was defined as
HbAlc > 6-5% or increases in HbAlc of >0-5% and/or
taking antidiabetic medications. This study found that
fast eaters, mostly if they skipped breakfast >3 times/
week were at high risk of having poor glycaemic control
and obesity®®. Also in Japan, a study investigated the
effect of eating speed on the risk of new onset of type 2
diabetes*”. Data coming from the nation-wide annual
health check programme in Japan examined 197 825 par-
ticipants without diabetes in 2008, that were followed up
for 3 years. Interestingly, the prevalence of fast eaters,
subjects snacking after supper and/or before sleep and/
or skipping breakfast was higher in the new-onset dia-
betes group than in the group not developing diabetes
mellitus. Eating speed was confirmed to be a risk factor
for the development of diabetes also after adjustment
for confounding factors™?.

The earlier reported evidence suggests that eating speed
could play an important role in determining the risk of

NN g g

Fig. 1. Role of chronotype and eating speed in obesity.
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developing obesity and obesity-related cardiometabolic dis-
eases. However, most of these studies were cross-sectional
and further studies, mostly intervention ones, need to be
carried out in order to confirm the causal association
between eating speed and metabolic diseases. Another
issue that should be overcome is the assessment of eating
speed that being self-reported, most of the time could not
be reliable. Thus, the set-up of a validated tool to assess eat-
ing speed is mandatory. If a causal role of eating speed in
the context of metabolic diseases would be confirmed, it
could be useful to include eating speed in the assessment
of subjects with obesity in order to identify those at high
risk of cardiometabolic diseases and to establish tailored
intervention to slowdown eating speed.

Conclusion

Evening chronotype and fast-eating speed have been asso-
ciated with an increased risk of developing obesity and
obesity-related diseases (Fig.1). Thus, further intervention
studies are needed to investigate if a tailored nutritional
approach could be helpful to restore the right timing of
the food and thus to implement the efficacy of conven-
tional therapeutical treatment. If this would be the case,
the assessment of chronotype and eating speed should be
included in the baseline and follow-up assessments of sub-
jects with obesity or at risk of developing weight excess.

Current evidence suggests a role of the evening chron-
otype and increased eating speed at meals in the develop-
ment of obesity and obesity-related disorders. In
addition, both the evening chronotype and the fast eaters
have worse eating habits. The management of obesity
must include the evaluation and correction of these
partly genetically determined behavioral aspects in
order to improve current therapies.

Financial Support

None.

Conflict of Interest

None.

Authorship

The author had sole responsibility for all aspects of prep-
aration of this paper.

References

1. World Health Organization. Obesity and overweight.
Available from: https:/www.who.int/news-room/fact-sheets/
detail/obesity-and-overweight

2. Neeland 1J, Ross R, Despres JP et al. (2019) Visceral and
ectopic fat, atherosclerosis, and cardiometabolic disease: a
position statement. Lancet Diabetes Endocrinol 7, 715-725.

https://doi.drg/10.1017/50029665123003725 Published online by Cambridge University Press

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

33

. Kolotkin RL, Meter K & Williams GR (2001) Quality of

life and obesity. Obes Rev 2, 219-229.

De Lorenzo A, Romano L, Di Renzo L et al. (2020)
Obesity: a preventable, treatable, but relapsing disease.
Nutrition 71, 110615.

Greaney ML, Cohen SA, Xu F et al. (2020) Healthcare
provider counselling for weight management behaviours
among adults with overweight or obesity: a cross-sectional
analysis of national health and nutrition examination sur-
vey, 2011-2018. BMJ Open 10, ¢039295.

Kaplan LM, Golden A, Jinnett K et al. (2018) Perceptions of
barriers to effective obesity care: results from the national
ACTION study. Obesity (Silver Spring) 26, 61—69.

Kessler C (2021) Pathophysiology of obesity. Nurs Clin
North Am 56, 465-478.

Yumuk V, Tsigos C, Fried M et al. (2015) European
Guidelines for obesity management in adults. Obes Facts
8, 402-424.

Guglielmi V, Bettini S, Sbraccia P et al. (2023) Beyond
weight loss: added benefits could guide the choice of anti-
obesity medications. Curr Obes Rep 12, 127-146.

Di Lorenzo N, Antoniou SA, Batterham RL er al. (2020)
Clinical practice guidelines of the European Association
for Endoscopic Surgery (EAES) on bariatric surgery:
update 2020 endorsed by IFSO-EC, EASO and ESPCOP.
Surg Endosc 34, 2332-2358.

Hassapidou M, Vlassopoulos A, Kalliostra M et al. (2023)
European Association for the study of obesity position
statement on medical nutrition therapy for the manage-
ment of overweight and obesity in adults developed in col-
laboration with the European federation of the associations
of dietitians. Obes Facts 16, 11-28.

Barrea L, Frias-Toral E, Aprano S et al. (2022) The clock
diet: a practical nutritional guide to manage obesity
through chrononutrition. Minerva Med 113, 172-188.
Roenneberg T, Kuehnle T, Juda M et al (2007)
Epidemiology of the human circadian clock. Sleep Med
Rev 11, 429-438.

Mazri FH, Manaf ZA, Shahar S et al. (2019) The association
between chronotype and dietary pattern among adults: a
scoping review. Int J Environ Res Public Health 17, 68.

van der Merwe C, Munch M & Kruger R (2022)
Chronotype differences in body composition, dietary intake
and eating behavior outcomes: a scoping systematic review.
Adv Nutr 13, 2357-2405.

Muscogiuri G, Barrea L, Aprano S et al. (2020) Chronotype
and adherence to the Mediterranean diet in obesity: results
from the opera prevention project. Nutrients 12, 1354.
Barrea L, Muscogiuri G, Savastano S et al. (2022) Project
OP. Cut-off for the Mediterranean diet score to identify
subjects with morning chronotype in middle-aged Italian
adults. Minerva Endocrinol 47, 129-131.

Munoz JSG, Canavate R, Hernandez CM et al. (2017) The
association among chronotype, timing of food intake and
food preferences depends on body mass status. Eur J Clin
Nutr 71, 736-742.

Rossbach S, Diederichs T, Nothlings U et al. (2018)
Relevance of chronotype for eating patterns in adolescents.
Chronobiol Int 35, 336-347.

Teixeira GP, Barreto ACF, Mota MC et al. (2019) Caloric
midpoint is associated with total calorie and macronutrient
intake and body mass index in undergraduate students.
Chronobiol Int 36, 1418—-1428.

Teixeira GP, Mota MC & Crispim CA (2018) Eveningness
is associated with skipping breakfast and poor nutritional
intake in Brazilian undergraduate students. Chronobiol Int
35, 358-367.


https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://doi.org/10.1017/S0029665123003725

34

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

G. Muscogiuri

Meule A, Roeser K, Randler C et al. (2012) Skipping
breakfast: morningness—eveningness preference is differen-
tially related to state and trait food cravings. Eat Weight
Disord 17, e304-e308.

Lopez-Minguez J, Dashti HS, Madrid-Valero JJ et al.
(2019) Heritability of the timing of food intake. Clin Nutr
38, 767-773.

Sato-Mito N, Sasaki S, Murakami K ez al. (2011) The mid-
point of sleep is associated with dietary intake and dietary
behavior among young Japanese women. Sleep Med 12,
289-294.

Sato-Mito N, Shibata S, Sasaki S et al. (2011) Dietary
intake is associated with human chronotype as assessed
by both morningness—eveningness score and preferred mid-
point of sleep in young Japanese women. Int J Food Sci
Nutr 62, 525-532.

Xiao Q, Garaulet M & Scheer F (2019) Meal timing and
obesity: interactions with macronutrient intake and chron-
otype. Int J Obes 43, 1701-1711.

Jakubowicz D, Wainstein J, Landau Z et al. (2017)
Influences of breakfast on clock gene expression and post-
prandial glycemia in healthy individuals and individuals
with diabetes: a randomized clinical trial. Diabetes Care
40, 1573-1579.

Yasuda J, Asako M, Arimitsu T et al. (2018) Skipping
breakfast is associated with lower fat-free mass in healthy
young subjects: a cross-sectional study. Nutr Res 60, 26-32.
Anothaisintawee T, Lertrattananon D, Thamakaison S
et al. (2018) The relationship among morningness—evening-
ness, sleep duration, social jetlag, and body mass index in
Asian patients with prediabetes. Front Endocrinol 9, 435.
Maukonen M, Kanerva N, Partonen T et al. (2017)
Chronotype differences in timing of energy and macronu-
trient intakes: a population-based study in adults. Obesity
(Silver Spring) 25, 608-615.

Whittier A, Sanchez S, Castaneda B et al. (2014)
Eveningness chronotype, daytime sleepiness, caffeine con-
sumption, and use of other stimulants among Peruvian uni-
versity students. J Caffeine Res 4, 21-27.

Clark I & Landolt HP (2017) Coftee, caffeine, and sleep: a
systematic review of epidemiological studies and rando-
mized controlled trials. Sleep Med Rev 31, 70-78.
Ebrahim IO, Shapiro CM, Williams AJ et al. (2013)
Alcohol and sleep I: effects on normal sleep. Alcohol Clin
Exp Res 37, 539-549.

Verde L, Docimo A, Chirico G et al. (2023) How fast do
‘owls” and ‘larks’ eat? Nutrients 15, 1437.

Muscogiuri G, Barrea L, Aprano S er al. (2021)
Chronotype and cardio metabolic health in obesity: does
nutrition matter? Int J Food Sci Nutr 72, 892-900.
Vetrani C, Barrea L, Verde L et al. (2022) Evening chron-
otype is associated with severe NAFLD in obesity. Int J
Obes 46, 1638-1643.

Barrea L, Verde L, Schiavo L et al. (2023) Very low-calorie
ketogenic diet (VLCKD) as pre-operative first-line dietary
therapy in patients with obesity who are candidates for bar-
iatric surgery. Nutrients 15, 1907.

Barrea L, Verde L, Vetrani C et al. (2022) VLCKD: a real
time safety study in obesity. J Trans! Med 20, 23.
Muscogiuri G, El Ghoch M, Colao A et al. (2021)
European Guidelines for obesity management in adults
with a very low-calorie ketogenic diet: a systematic review
and meta-analysis. Obes Facts 14, 222-245.

Verde L, Barrea L, Docimo A et al. (2023) Chronotype as a
predictor of weight loss and body composition improvements
in women with overweight or obesity undergoing a very low-
calorie ketogenic diet (VLCKD). Clin Nutr 42, 1106-1114.

https://dgi.org/10.1017/50029665123003725 Published online by Cambridge University Press

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Ohkuma T, Hirakawa Y, Nakamura U et al. (2015)
Association between eating rate and obesity: a systematic
review and meta-analysis. Int J Obes 39, 1589-1596.
Barrea L, Vetrani C, Verde L et al. (2021) ‘Forever young
at the table’: metabolic effects of eating speed in obesity. J
Transl Med 19, 530.

Kokkinos A, le Roux CW, Alexiadou K ez al. (2010)
Eating slowly increases the postprandial response of the
anorexigenic gut hormones, peptide YY and glucagon-like
peptide-1. J Clin Endocrinol Metab 95, 333-337.
Paz-Graniel I, Babio N, Mendez I ef al. (2019) Association
between eating speed and classical cardiovascular risk fac-
tors: a cross-sectional study. Nutrients 11, 83.

Sakurai M, Nakamura K, Miura K et al. (2012)
Self-reported speed of eating and 7-year risk of type 2 dia-
betes mellitus in middle-aged Japanese men. Metabolism
61, 1566-1571.

Tao L, Yang K, Huang F et al. (2018) Association between
self-reported eating speed and metabolic syndrome in a
Beijing adult population: a cross-sectional study. BMC
Public Health 18, 855.

Phelan S, Halfman T, Pinto AM et al. (2020) Behavioral
and psychological strategies of long-term weight loss main-
tainers in a widely available weight management program.
Obesity (Silver Spring) 28, 421-428.

Teixeira PJ & Marques MM (2017) Health behavior
change for obesity management. Obes Facts 10, 666-673.
Kudo A, Asahi K, Satoh H er al. (2019) Fast eating is a
strong risk factor for new-onset diabetes among the
Japanese general population. Sci Rep 9, 8210.

Nanri A, Miyaji N, Kochi T et al. (2020) Eating speed and
risk of metabolic syndrome among Japanese workers: the
Furukawa nutrition and health study. Nutrition 78, 110962.
Ochiai H, Shirasawa T, Nanri H ez al. (2018) Relationship
between eating quickly and overweight : a cohort study of
schoolchildren in Japan. Acta Med Okayama 72, 121-128.
Viskaal-van Dongen M, Kok FJ & de Graaf C (2011)
Eating rate of commonly consumed foods promotes food
and energy intake. Appetite 56, 25-31.

Iwasaki T, Hirose A, Azuma T et al. (2019) Self-reported
behavior of eating quickly is correlated with visceral fat area
in Japanese non-obese adults. Asia Pac J Clin Nutr 28, 92-98.
Hankinson AL, Daviglus ML, Bouchard C et al. (2010)
Maintaining a high physical activity level over 20 years
and weight gain. JAMA 304, 2603-2610.

Nagahama S, Kurotani K, Pham NM et al. (2014)
Self-reported eating rate and metabolic syndrome in
Japanese people: cross-sectional study. BMJ Open 4, ¢005241.
Otsuka R, Tamakoshi K, Yatsuya H ef al. (2006) Eating
fast leads to obesity: findings based on self-administered
questionnaires among middle-aged Japanese men and
women. J Epidemiol 16, 117-124.

Tanihara S, Imatoh T, Miyazaki M et al. (2011)
Retrospective longitudinal study on the relationship
between 8-year weight change and current eating speed.
Appetite 57, 179-183.

Hurst Y & Fukuda H (2018) Effects of changes in eating
speed on obesity in patients with diabetes: a secondary ana-
lysis of longitudinal health check-up data. BMJ Open 8,
¢019589.

Cooper AJ, Gupta SR, Moustafa AF et al. (2021) Sex/gen-
der differences in obesity prevalence, comorbidities, and
treatment. Curr Obes Rep 10, 458-466.

Zhu B, Haruyama Y, Muto T et al. (2015) Association
between eating speed and metabolic syndrome in a three-
year population-based cohort study. J Epidemiol 25, 332—
336.


https://doi.org/10.1017/S0029665123003725

	S0029665123003567a
	S0029665123003622a
	S0029665123003579a
	S0029665123003725a
	S0029665123003609a
	S0029665123003671a
	S0029665123003658a



