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(The progression of obesity has emerged as a global health issue in recent
years. In response, new nutritional approaches, such as synchronizing
macronutrient intake with circadian rhytms, have been explored as
potentially effective strategies for improving body composition and
promoting weight loss. The aim of this study is to determine the best
times of day to consume each macronutrient to optimize weight loss. To
achieve this, an exhaustive bibliographic review was carried out,
selecting and analyzing a total of 14 articles published in the last five
years from the Pubmed database, along with using the Google search
engine for official pages. The results suggest that the nutritional
composition of meals and their consumption timing during the day are
effective dietary strategies for weight loss. Although further research is
needed for more precisely define the optimal times for the intake of each
macronutrient, it can be concluded that consuming macronutrients at
specific time of the day may be an effective nutritional strategy to
improve body composition and promote weight loss in individuals with
overweight and obesity.

RESUMEN

Palabras clave:
Crononutricion, obesidad,
pérdida de peso,
macronutrientes y ritmos
circadianos.

La progresion de la obesidad ha resaltado como un problema de salud
global en los ultimos afios. En respuesta, se han explorado nuevos
enfoques nutricionales, como la sincronizaciéon de la ingesta de
macronutrientes con los ritmos circadianos, que podrian ser estrategias
efectivas para mejorar la composicion corporal y promover la pérdida de
peso. El objetivo de este estudio es determinar los mejores momentos del
dia para consumir cada macronutriente con el fin de optimizar la pérdida
de peso. Para ellos, se realizé una revisiéon bibliografica exhaustiva,
seleccionando y analizando un total de 14 articulos publicados de los
ultimos cinco afos en la base de datos de PubMed. Ademas del uso del
buscador de Google para paginas oficiales. Los resultados sugieren que
tanto la composicién nutricional de las comidas como el momento de su
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consumo durante el dia son estrategias dietéticas efectivas para la
pérdida de peso. Aunque se requieren mas investigaciones para definir
con mayor precision los momentos 6ptimos para la ingesta de cada
macronutriente, sin embargo, se puede concluir que consumir
macronutrientes en momentos especificos del dia puede ser una
estrategia nutricional efectiva para mejorar la composiciéon corporal y
promover la pérdida de peso en individuos con sobrepeso y obesidad.
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Introduction

Obesity, defined as the abnormal or excessive accumulation of fat, is a global
public health problem caused by multiple factors (1-3).Despite efforts focused on
traditional risks such as excessive energy intake and lack of physical activity, obesity
rates have increased in recent decades (1,2,4)recently, new factors such as the
nutritional composition of meals and circadian misalignment have been identified that
may contribute to the development of obesity (5,6).

Circadian rhythms, present in mammals, adapt to environmental changes on a
24-hour cycle and are essential for metabolic well-being(7-9).Recent studies suggest
that energy regulation is linked to the circadian clock, and that the timing and
composition of intake may influence obesity. Although the evidence is uncertain,
understanding circadian clocks and their relationship to meal timing and composition
may be an effective dietary approach to improving the quality of life for people with
obesity (5,10).

General Objective: Define the best intake stages for each macronutrient
according to circadian rhythms to drive weight loss.

Obesity

Obesity is a chronic disease characterized by an excessive accumulation of fat,
which causes low-grade inflammation and can lead to cardiovascular disease,
diabetes, musculoskeletal disorders and cancer (7,8). This inflammation, called
lipoinflammation, associated with an increase in inflammatory factors and tissue
infiltration, which perpetuates obesity and decreases satiety capacity (11). Fat
accumulation causes hypertrophy and hyperplasia of adipocytes, leading to insulin
resistance and dysfunctional tissue (9,10,12).

In Spain, in 2023, the prevalence of overweight in adults was 55.8% and of
obesity 18.7% (4). Obesity is conditioned by multiple factors such as susceptibility in
childhood and adolescence, a positive energy balance, genetic and socioeconomic
factors, endocrine diseases, hypothalamic alterations, drugs and the chronodisruption
of circadian rhythms (1,13,14).

Chrononutrition

The human circadian system generates and synchronizes circadian rhythms
with the environment through a network of peripheral oscillators, with its regulatory
center in the suprachiasmatic nucleus (SCN) of the hypothalamus (7-9). Light is the
main synchronizer of the CNS, transmitting information through retinal ganglion cells
and using the hormone melatonin to regulate the biological clock through membrane
receptors, especially MTNR1B in the islets of the pancreas and retina (15-20).

In addition to light, other factors such as fasting/eating cycles, activity/rest, and
temperature can also influence circadian regulation (8,9,21). At the molecular level,
the “"CLOCK™ clock genes control the expression of circadian rhythms through
transcriptional feedback mechanisms and transductions, forming complexes that
inhibit their own synthesis in approximately 24-hour cycles (12,19,22).

The connection between the circadian clock and metabolism is explained by the
ability of clock genes to activate transcription factors that influence human
metabolism (21,23). This mechanism varies among individuals according to factors
such as age and chorotype, which determines sleep and activity patterns and can be
influenced by gender, age and diet of the individual (23-25).

Carbohydrate Metabolism

168

(2024) MLSHNR, 3 (2), 166-183



Distribucién de la ingesta de macronutrientes segtin los ritmos circadianos para potenciar la pérdida de peso en individuos con
sobrepeso y obesidad

Carbohydrates (CH) are essential biomolecules in human metabolism, mainly
as a source of energy, with glucose being the most prominent molecule (26). Vital
organs such as the heart, liver, kidneys and brain depend on glucose for their function
(27,28). The body can produce glucose by gluconeogenesis in the absence of adequate
intake and store it as glycogen in the liver and muscles for use during periods of high
energy demand (18,26,27,29,30). Although part of the glucose is stored internally, a
fraction remains in the blood, the concentration of which is strictly regulated to avoid
hyperglycemia and hypoglycemia (26,31).

Glucose fluctuations, known as glycemic variability, depend on health and
dietary factors (32-34). Glucose levels rise and fall within 1-2 hours after insulin
administration (33-35). Although glycemic variability can cause harm if peaks are
high and persistent, or troughs are slow, it is generally regulated by insulin and
glucagon (23,32,34-36).

Glucagon promotes the release of glucose from the liver during fasting, while
insulin facilitates the entry of glucose into cells after ingestion (37,38). In type 2
diabetes (DM2), insulin is not used efficiently, causing blood glucose accumulation and
conversion to fat, especially in the abdomen and hips, contributing to obesity. Obesity
in turn causes insulin resistance and can lead to DM2 if not corrected (36,39-41).

Glycemic variability varies throughout the day due to factors such as the timing
and composition of meals, as well as melatonin levels (19,33,42). Melatonin, which
increases at night, suppresses insulin release, decreases insulin sensitivity and is
related to weight gain and hunger and satiety patterns (33,34,43,44). A study by
Martorina et al. (33) found no significant difference in glycemic variability between
people with DM2 supplemented with melatonin and those who produced melatonin
endogenously, although there was a decrease in significance between the groups
according to their chronotype (33).

The action of melatonin receptor (MTNR1B) (43) and the rs1080963
polymorphism, especially the G allele, are related to fasting glucose levels and
melatonin expression in pancreatic islets (20,42-44). This allele is also associated
with measures of adiposity and weight loss, Goni et al. (44). Studies suggest that high
concentrations of melatonin negatively affect glucose tolerance. Garaulet et al. (43)
found that carriers of the G allele were at increased risk of developing DM2, which may
help to better understand the effects of melatonin on glucose metabolism, sleep
disturbances, and breakfast glycemic response (33,34,43,44).

Lipid Metabolism

Fats are essential components in the human body, essential for the storage of
energy, the synthesis of vitamins, hormones, bile salts and cell membranes, and the
regulation of cell signaling (45-47). There are two metabolic processes for handling
fats: lipid anabolism (lipogenesis) and lipid catabolism (lipolysis) (47). Lipogenesis,
which occurs mainly in the liver and adipose tissue, involves the formation of complex
lipids to store energy and form cell membranes (48-50). Lipolysis, enhanced during
fasting or exercise, breaks down lipids to produce energy and metabolites (49-52).
Specific enzymes regulate these processes to maintain energy balance. However,
diseases affecting these enzymes can disrupt fat storage and cause cellular and tissue
damage, especially in the brain, liver and bone marrow (49,52).

Fatty acids, the building blocks of lipids, are stored in adipocytes to form
adipose tissue (AT), (5,11,53), which is classified into white (WAT), brown (BAT) and
beige (BW) adipose tissue (54-59). The BAT, characterized by mitochondria with
cytochromes, regulates body temperature and is found mainly in the central region of
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the body, developing in the neonatal stage and transforming into WAT with time (56-
61). The WAT is unilocular, composed of a large lipid droplet and some mitochondria,
and is subdivided into subcutaneous adipose tissue (SAT) and visceral adipose tissue
(VAT) (55,57,59,62). TAS is located under the skin, mainly in the trunk and middle
area in men and in the hips and buttocks in women (62). HAT surrounds the internal
organs in the abdominal cavity and is associated with serious health problems such as
insulin resistance and cardiovascular disease (18,57,62).

Melatonin plays a key role in adipocyte regulation, influencing lipolysis and
lipogenesis (48,51,63,64). Activates brown adipose tissue, participates in browning of
white adipose tissue and regulates energy expenditure and intake (57,58,64). Initial
research on hormones in adipose tissue revealed their importance in appetite and
energy balance (65). De Luis et al. (66) observed that a high-fat diet affects the
expression of endogenous rhythms such as leptin. Studying the expression of clock
genes in human adipose tissue has helped to understand their influence on obesity
(64,65). In addition, the variation of lipid profiles in individuals with DM2 (67,68) and
the impact of breakfast on glycemic control were investigated. The studies by Oliveira
et al. (67) and Chang et al. (68) suggest that breakfast composition influences energy
balance, associated with the MTRN1B gene (20,66). Polymorphisms in this gene, such
as the GC genotype, affect blood lipid concentrations, especially cholesterol, indicating
that these polymorphisms may influence the metabolic response to diet and the
regulation of adipose tissue (66,69).

Protein Metabolism

Proteins, made up of amino acids, have essential functions in the body, such as
the formation of structures and the regulation of organs and tissues (70-72). Protein
metabolism includes transamination (73), a process in the liver where an amino group
is transferred from an amino acid to an alpha-keto acid, facilitated by transaminases
and aminotransferases (72-74). This process aids in the elimination of the amino
group, the creation of new amino acids and alpha-keto acids, and their elimination in
the urea cycle (72,73,75). Although rarely used for energy, it can occur in cases of high
protein intake or prolonged starvation. Normally, amino acids are used in biosynthetic
pathways, but an excess can lead to lipid synthesis (72,76).

Protein, stored mainly in skeletal muscle, is essential for protein replenishment,
(77) is essential for protein replenishment (76) and plays a crucial role in mobility,
metabolic homeostasis and thermogenesis (78). In addition, skeletal muscle secretes
myokines that regulate metabolic and lipid functions (79-82). Disorders in protein
synthesis and degradation can cause muscle atrophy and sarcopenia, associated with
weakness, fatigue and decreased quality of life (78). Sarcopenia, associated with aging,
chronic diseases such as cancer and obesity, is associated with falls, fractures and
mortality (82-86). Sarcopenic obesity, linked to an increased risk of type 2 diabetes,
results from fat accumulation in muscle, which disrupts insulin signaling, impairs
insulin sensitivity, and promotes weight gain (80-87).

Sarcopenic obesity and circadian rhythms are closely related and have a
significant impact on metabolic and muscle health (80-82). Dysregulation of circadian
rhythms, often due to modern lifestyles, may contribute to the development of
sarcopenic obesity by affecting the secretion of key hormones such as melatonin,
cortisol and growth hormone (66,88,89). Melatonin, in addition to regulating sleep-
wake cycles, has antioxidant and anti-inflammatory effects that protect muscle mass.
The melatonin receptor MTNR1B is involved in the regulation of glucose and body
weight. Studies such as De Luis et al. (90) suggest that a high protein intake, especially
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at breakfast, may improve the synchronization of circadian rhythms and have
beneficial effects on body composition and metabolic health (90,91). According to
Douglas et al. (89) skipping breakfast or consuming foods of low nutritional value can
negatively affect appetite control and increase caloric intake, which can impact
nighttime glycemic response and overall metabolic health (24,92,93).

Method
Pubmed

The following filters were established: 5 years old and ” free full text”. The

following keywords were used:

(Carbohydrates [MeSH Terms] AND morning intake [MeSH Terms]: We found 3 randomized
controlled articles, all 3 were used.

(Carbohydrates [MeSH Terms] AND circadian rhythms [MeSH Terms]: Five articles were
found, 3 were read for the TFG, 2 were literature reviews that were excluded.

(Lipids [MeSH Terms] AND circadian rhytms [MeSH Terms]: A total of 6 articles were found,
of which only 1 was used, since 5 met the inclusion criteria.

(Lipid [MeSH Terms] AND thermogenesis [MeSH Tems]: Giving 2 results and using only 1,
since the other was a literature review.

(Lipid [MeSH Terms] AND evening [MeSH Terms]: It yielded 5 results, of which only 2 were
used, the other 3 being literature reviews.

(Protein [MeSH Terms] AND obesity [MeSH Terms]: Three results were found, of which all
three were used.

(Protein intake [MeSH Terms] AND muscle [MeSH Terms]: We found 2 outcomes and used
the 2 randomized controlled trials.

Google Scholar

This search engine proved to be very useful to access full texts, articles or official
websites, where the filter was applied to articles between 2019 and 2024.
Macronutrients distribution and obesity: 17300 results, using a total of 7 because of their

relevance and because they met the inclusion criteria.

Morning carbohydrates: 1800 results, using a total of 5 that met the inclusion criteria.

Glycolysis and circadian rhythms: 12200 results, using a total of 4 relevant and meeting
the inclusion criteria.

Protein intake and weight loss: 10200 results, with only 1 relevant patient meeting the
inclusion criteria.

Results
For the reasons given above, chrononutrition may be of interest as a treatment

for overweight and obese individuals. The studies that deal with this association are
shown in Table 1.
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Table 1. Table on the association between macronutrients, circadian rhythms and weight
loss. Own elaboration.

Reference Type of study, Studygroups Results
sample size and

characteristics
Target
Garaulet et Randomized Conditions: Higher average melatonin values
al(43) controlled trial -EE (early in LE compared to EE. 3.5 times
dinner) more.
845 participants LE (late No significant differences
dinner) between age, sex, adiposity,
bedtime and dinnertime.
Glucose concentrations were
highest in GG, followed by GC
and CC.
Melatonin levels
modulated insulin
secretion in all genotype
groups.
If insulin concentrations
decreased, only CG decreased
insulin secretion under LE
conditions.
Oliveira et Randomized G1: 41 with Changes from initial calorie intake
al (67) controlled trial alow CH Body weight and BMI changes
82 subjects with and high Glycemic changes between the
DM2 21 year fat diet flrst an_d last 14 days of
intervention.
G2: 41 with a
diet low in fat
and rich in CH
Sinturiel et Cohort study DN: thin Significant differences in lipid
al (69) 6 participants DM: Diabetes profiles between lean men and
' men with DM2.

Men with and and obesity
without obesity. Greater variation, especially at
wake-up time (6:30-8:00)
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Differences between men and
women with DM2.

Alteration of SAT lipids in DM2
associated with changes in gene
expression related to lipid
metabolism  and  significant
variation throughout the day.

Dalgaard Randomized Two There are no differences in the
etal (93)  controlled trial breakfasts amount of food ingested after test
30 young women - High in breakfasts.
protein (PRO) Similar glucose marker levels on
- High in CH all experimental days.
(CHO) After consumption of breakfast
_Control day CHO and PRO, glucose and insulin
(CON) levels increased more than after
CHO. Lower glucose in PRO than
with CHO.
No difference between insulin
levels between PRO and CHO.
Cunhaetal Randomized HP-MCHO No significant differences in
(92) controlled trial diet (high nutritional characteristics were
protein) shown between the two study

14-night workers

LP-HCHO diet
(low protein)

protocols.
The HP-MCHO condition observed

lower post-meal glucose values.
Both HP-MCHO and LP-HCHO
breakfasts elicited similar
metabolic responses in terms of
glucose, insulin, triglycerides and
HOMA-IR.

First, four studies on carbohydrates and circadian rhythm were reviewed
(33,34,43,44), three of which were clinical trials suggesting an association between
glycemic response variability and interaction with melatonin, especially at night
(33,43,44), especially at night. However, (34) the effects in relation to melatonin secretion
were not directly examined, but the consequences of the intake of different
macronutrients on rest was studied. (33), in a randomized clinical trial, found no
significant difference in the glycemic variability of individuals with DM2 and melatonin,
which could be due to the lack of specific meals in their study. On the other hand, (43)
showed a correlation between late dinners and glucose tolerance, similar results to those
of (34) who showed that glucose consumption before bedtime increased insulin
sensitivity and worsened sleep (34,43). In addition, no significant relationship was found
between genotype, BMI, and sex with glycemic response, although significant variations
by ethnicity were observed in the studies of (34) and (44). Secondly, fat metabolism and

173
(2024) MLSHNR, 3(2), 166-183



Lozano Carrasco, L.

chrononutrition were addressed, where (68) and (67) contradictory results were
obtained on the effects of melatonin on adipose tissue (67,68), suggested that a low-
carbohydrate diet at breakfast had a significant impact with respect to an isocaloric diet,
while (67) found a non-significant glycemic variability between the diets (67,68). The
differences may be due to the design of the studies, the sample and the duration: the study
of (68) lasted three months and was conducted in Canada, whereas the study of (67)
lasted only one day and included participants from Canada and Australia. (de Luis et al.,,
2020) also observed variations in blood lipid concentrations, especially in individuals
with the CC genotype of the MTNR1B polymorphism, with significant changes in the
morning, coinciding with the findings of (69). Third, results on protein metabolism and
circadian rhythms were discussed. Studies such as that of (93) and (89) showed that there
were no significant differences in the sensation of hunger and satiety between protein and
isocaloric diets, although women who consumed more protein at breakfast had a lower
need to eat during the day. Both studies observed non-significant differences in the
hormonal response of ghrelin, CCK and GLP-1, as well as a decrease in leptin levels
(92,93). Despite these findings, no information was obtained on the effect in men, in DM2
and long term studies, such as the one in (92), possibly due to differences in the study
subjects, (24) took into account the chronotype of the individuals, suggesting that
nighttime food consumption is associated with higher BMI and higher fat percentage.

Discussion and Conclusions

The results suggest that both the nutritional composition of meals and the timing
of meal consumption during the day are effective dietary strategies for weight loss.
Although more research is needed to define more precisely the optimal times for the
intake of each macronutrient, it can be concluded that consuming macronutrients at
specific times of the day can be an effective nutritional strategy to improve body
composition and promote weight loss in overweight and obese individuals.

Once the articles have been read, some limitations could be taken into account for
the development of future research, the following points are proposed:

To improve the quality and relevance of studies in metabolic health and body
composition, it is essential to implement several important changes in research
methodology.

First, it is essential to broaden the diversity of the samples to include a more
equitable representation of different demographic groups, ages, genders and ethnicities.
This diversification will allow a deeper understanding of the effects of biological and
sociocultural variables on the results, ensuring that the conclusions are more
generalizable and applicable to a broader population.

In addition, it is crucial to incorporate a greater number of long-term studies.
These studies are necessary to evaluate the sustained effects over time of interventions
on metabolic health and body composition. The collection of data over time will provide
valuable information on the efficacy and durability of interventions, allowing the
development of more effective strategies for the management and prevention of
metabolic problems.

Another important aspect to consider is the inclusion of a greater number of
women in the interventions. It is vital to explore the metabolic variations that exist
between women and men, such as the influences of menstruation on metabolism.
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Understanding these differences will allow the design of more personalized and effective
interventions for both genders.

Itis also necessary to evaluate the influence of the time of year on the studies. Time
changes, such as summer and winter time, can alter the circadian rhythm, especially
affecting breakfast and dinner times. Analyzing how these seasonal changes influence
outcomes will allow interventions to be adjusted to be more precise and effective, taking
into account variations in people's biological rhythms.
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