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ABSTRACT 
Circadian rhythms are 24-hour cycles, which are controlled by internal molecular oscillators 
collectively known as the circadian clock. Nutritional factors on circadian rhythmicity are 
associated with a correlation of the timing of eating the food and the food content, which is referred 
to as chrononutrition. These aspects are regulated by personal chronotype attributes, in that evening 
or late chronotype individuals have a biological tendency to eat late in the day. Empirical evidence 
reveals that the effect of the time of day on the postprandial (PP) glucose response is enormous, and 
thus the time of day has a significant influence on the pathophysiology of type 2 diabetes (T2D). 
Both cross-sectional and experimental studies have shown that eating in the morning and not in the 
evening is beneficial in terms of PP glycaemia. The addition of protein and fat in the macronutrient 
content of night meals has been an easy approach to mitigate PP glycaemic excursion. Foods with 
low glycaemic index taken in the morning has been found to give a better response in terms of 
glycaemic response compared to those taken at night. The combination of fats and proteins with 
carbohydrate sources like bread and rice has also been demonstrated to lower glycaemic response. 
Moreover, the order of food service has a significant potential in lowering the PP blood glucose, as 
vegetables should be eaten at the start, then meat, and finally rice. These empirical suggestions can 
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thus be considered measures to improve glycaemic control as opposed to merely measuring the 
nutritional content of individual meals, and they may play a role in the optimisation of dietary 
patterns in patients with diabetes. More clarification of this intriguing field of study is necessary to 
gain more knowledge about the circadian system and its nutritional implications that can 
eventually reduce the burden of T2D. 
Keywords: CHRONOTYPE, POSTPRANDIAL GLUCOSE, GLYCAEMIA, INSULIN, 
MEAL TIMING 

 
INTRODUCTION 
Type 2 diabetes mellitus (T2DM) is a chronic 
metabolic condition that is marked by sustained 
hyperglycaemic conditions that occur as a result of 
cell insensitivity to insulin. This condition is 
characterized by the inability of the body to 
properly use insulin, resulting in chronically high 
blood glucose levels (Afzal et al., 2025). The 
evidence concerning diabetes prevalence in the 
world has increased significantly; the current 
projections state that there are 537,000 adults with 
the disease in 2021, and it is expected that the 
number will rise to 783,000 adults by 2045. This 
pattern highlights a significant and increasing 
public health load worldwide (Forouhi & 
Wareham, 2022). It is also noted that the average 
annual total cost of a patient or a household 
fighting with diabetes in low- and middle-income 
countries is about 1017.05 USD (Ashraf et al., 
2025). Type 2 diabetes (T2D) can be prevented or 
its onset can be delayed, by maintaining a normal 
body weight, avoiding tobacco use, eating a healthy 
diet, and engaging in regular physical activity. Diet, 
exercise, medication, and routine screening and 
treatment for complications can all help prevent or 
postpone the consequences of diabetes (WHO, 
2024). 
Circadian rhythms are the 24-hour cycles that 
regulate the sleep-wake chain in the organism and 
a variety of other endogenous biological activities, 
all coordinated by molecular oscillators that are 
collectively known as the circadian clock. The body 
is primed for events that occur during the day by 
its circadian clock. It regulates a set of physiological 
parameters, such as hormone secretions, cardiac 
rhythm, kidney perfusion, the sleep-wake cycle 
itself, and core body temperature changes 
(Begemann et al., 2025). The circadian clock is 
localized in the suprachiasmatic nuclei (SCN), and 
it is the main regulator of the peripheral clock 
system. In the case of disruption or ablation of the 
SCN, circadian rhythms that regulate the sleep 
cycle and the release of various endocrine factors 
are significantly reduced. The SCN contains 

discrete groups of peptide-bearing neurons that are 
essential in the entrainment and phase shifting of 
circadian rhythms, of which the somatostatinergic, 
vasoactive intestinal peptide (VIP), and arginine 
vasopressin (AVP) neuron subgroups are the most 
important (Ono et al., 2024). Circadian 
rhythmicity is essential in regulating the metabolic 
processes since it controls the expression and/or 
activity of enzymes that mediate glucose 
metabolism (Lloyd et al., 2025). Over the last few 
years, there has been an accumulating amount of 
evidence that suggests that the circadian clock 
system can be engaged to communicate with 
nutrients and can affect physiological processes. 
This new field of work, known as chrononutrition, 
highlights the bidirectional nature of the circadian 
rhythms and metabolism (Franzago et al., 2023). 
In modern society, shift work predominates, and 
the level of insomnia is very high, which interferes 
with adherence to endogenous circadian timing 
(Oros et al., 2025). It has been demonstrated that 
misalignment of the circadian clock changes food 
intake, glucose metabolism, and weight regulation, 
and causes obesity (Chaput et al., 2023). 
This review article focuses on diabetes and its 
relation with meal patterns and timings, and how 
the intake of nutrients can affect glycaemic control 
by focusing on recent studies concerning human or 
animal models.  
 
Biological Clock Regulation of Glucose 
Metabolism 
The body’s tolerance to glucose fluctuates within a 
24-hour period, confirming the fact that the 
human body follows a circadian rhythm. Glucose 
tolerance often reaches its zenith during daylight 
hours, coinciding with regular food intake, and 
diminishes during nocturnal hours, when fasting is 
prevalent (Díaz-Rizzolo et al., 2024). The SCN of 
the hypothalamus contains the central pacemaker 
of the circadian clock, which coordinates 
peripheral oscillators in the body by means of 
neural and endocrine pathways, and is largely 



 Volume 3, Issue 8, 2025 
 

  

https://nmsreview.org                   | Shahzadi et al., 2025 | Page 182 

preoccupied with the rhythmical secretion of 
cortisol (Van Drunen & Eckel-Mahan, 2021; 
Bautista et al., 2025). Hormones such as cortisol 
and insulin govern glucose metabolism and also 
exhibit circadian oscillation (Koop & Oster, 2022). 
The retinal ganglion cells detect light and transmit 
it into the SCN via the retinohypothalamic tract 
(RHT). Melanopsin, glutamate, and pituitary 
adenylate cyclase-activating polypeptide (PACAP) 
are the main neurotransmitters in this. The SCN 
then coordinates circadian rhythm in other bodily 
systems like the liver, adipose tissue, 
gastrointestinal tract, and skeletal muscle. Food 
also acts as a zeitgeber; for example, glucose from 
carbohydrates affects liver rhythms and glucose 
tolerance, causing it to be higher in the morning 
and lower at night. Dietary fibre helps the gut 
microbiota and keeps the intestinal clocks in sync. 
On the other hand, too much dietary fat can mess 
up the rhythmic function of the liver and fat tissue, 
as depicted in Figure 1.  
It was observed that circadian rhythm disruption 
by ambient light throughout the lifespan triggers 
metabolic dysfunction in adult mice. As noted by 
Her et al. (2024), circadian rhythm disruption 
contributes to the increasing incidence of glucose 
intolerance and enhances insulin resistance in 
female mice. The study also showed that both male 
and female mice become prone to obesogenic 
problems and develop metabolic dysfunctions 
when the disruption of the circadian system is 
combined with a high-fat diet. All these 
observations indicate that environmental 
disruption of circadian rhythms during the lifespan 
enhances the likelihood of obesity and T2D in 

adulthood, indicating that circadian control plays 
an important role in the regulation of insulin 
secretion and sensitivity with a significant impact 
on glucose metabolism. The disruption of meal 
timing has been associated with the development 
of glucose intolerance, allegedly caused by the 
increase in the discrepancy between the central 
circadian pacemaker and peripheral oscillatory 
processes working in the hepatic and pancreatic 
populations of cells (Hu et al., 2025). The dietary 
pattern-based effects on circadian rhythmicity are 
clearly mediated by the complex interaction of 
variables, such as meal timing and nutrient 
content, that have the potential to cause circadian 
disruption and, consequently, to regulate the onset 
of metabolic disorders, such as T2D, obesity, non-
alcoholic fatty liver disease (NAFLD), cirrhosis, 
and hepatocellular carcinoma (Zhao et al., 2022). 
Although temperature and social interactions are 
of minor importance, the timing of meals is an 
important determinant of circadian alignment. 
There are also internal factors, including genetics, 
hormones, and age, that influence circadian 
regulation and hormonal rhythms, such as cortisol 
and melatonin, which interact synergistically with 
the timing of food intake. Circadian rhythms 
diminish with age; however, dietary measures, 
including regular meal schedules and eating more 
fibre, can be used to restore them. In general, food 
serves as the key intervener in the interaction 
between the environment and the internal 
physiology, balancing central and peripheral clocks 
(BaHammam & Pirzada, 2023; Reytor-González et 
al., 2025).  
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Figure 1. Comparative analysis of light- and food-mediated circadian pathways 

 
Impact of Meal Frequency and Timing on 
Glucose Homeostasis 
The current lifestyles have affected eating habits, 
and this can be attributed to shift work, late-night 
eating, artificial lights, and irregular sleep timing, 
which have brought about an imbalance between 
the body clock and the meal schedule. Such 
asynchronization compromises the process of 
glucose metabolism and leads to imbalances in 
metabolism, such as glucose intolerance 
(Dobrovinskaya et al., 2024). Humans are diurnal 
species; therefore, this disruption in the synchrony 
between the light-dark cycle and the food intake 
increases the propensity to sleep disturbances in 
night shift workers. Endocrine disorders have also 
been attributed to shift work. Shift work was 
observed to increase the risk of developing diabetes 
mellitus in an observational study. Furthermore, 
inadequate sleep, which is commonly observed in 
shift workers, was found to be associated with 
higher plasma glucose levels and increased insulin 
release rates (Lee, 2022). Various studies also 
suggested that shift employees have a higher body 
mass index (BMI) and prevalence of developing 
obesity as compared to daytime workers (Tosoratto 
et al., 2024). Research conducted by Tosoratto et 
al. (2025) also shows that the occurrence of shift 
work has been positively associated with adverse 
metabolic conditions, especially the phenomenon  

 
of insulin resistance, which is one of the main 
factors that predispose the development of 
cardiometabolic diseases.  
There are emerging signs that chrononutrition is 
influenced by a person's chronotype. A chronotype 
refers to the tendency of the human body to prefer 
certain times of day for sleep or wakefulness, which 
is controlled by endogenous circadian rhythms and 
is influenced by genetic factors. This typology is 
known to forecast differences in whether a person 
will be a morningness (early bird) or eveningness 
(night owl), consequently, determining energy 
levels, productivity, and other daily processes 
throughout the 24-hour cycle (Chauhan et al., 
2023). Persons of an evening chronotype are those 
with a biological predisposition to eat later in the 
day, which is linked to high-energy consumption in 
the form of unhealthy snacks and poor distribution 
of overall daily energy intake. This late meal habit 
is linked to a series of negative health effects, which 
are explained by the reduced metabolic 
effectiveness of the biological body in handling the 
food during the night-time (van der Merwe et al., 
2022). 
A number of articles have reported a strong 
association between skipping breakfast and the 
onset of insulin resistance or T2D (Afzal et al., 
2025). People who skipped breakfast are at greater 
risk of developing T2D, along with other 
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complications, as compared to people who 
consumed breakfast, with ratios fluctuating across 
different populations. The Bath Breakfast Project, 
which follows a six-week intervention, also 
concluded that the BMI remained unaltered in 
both the breakfast-consuming and breakfast-
skipping groups in lean and obese individuals.  
Breakfast was also noted to balance the blood sugar 
levels of later meals, and that chronic morning 
fasting lowers glucose tolerance (Afzal et al., 2025). 
Solangi et al. (2025) also noted significantly higher 
concentrations of total cholesterol (TC), 
triglycerides (TG), low-density lipoprotein 
cholesterol (LDL-C), very low-density lipoprotein 
cholesterol (VLDL-C), and total lipids (TL) in the 
breakfast skippers as compared to breakfast non-
skippers. Eveningness has been observed to be 
linked to skipping breakfast, eating at later hours, 
and nocturnal food consumption, which tends to 
lead to low sleep quality. This can be explained by 
the lack of enough time to be spent on eating 
during the day, or the lack of morning appetite 
(Bazzani et al., 2022). Afzal et al. (2025) also 
highlighted that healthy participants who did not 
eat breakfast and ate large meals at lunch and 
dinner, because of compensatory eating in the later 
meals, had higher postprandial (PP) glucose levels, 
especially after dinner. Skipping breakfast, which is 
further aggravated by eating meals during the 
night, can postpone circadian rhythms. People who 
skip breakfast do so because appetite signalling is 
blunted by the disruption of biological clocks. 
Misplacing the circadian clock by feeding at the 
wrong time worsens the glycaemic control and 
increases the chances of T2D (Kim et al., 2025). 
It has been shown that morning and evening meal 
consumption has different implications on glucose 
metabolism in human beings. Interestingly, the rise 
in the glucose level of the blood was observable in 
the aftermath of the late evening meal, but the 
highest level was attained later in the night and 
during sleep. The evening meals, therefore, can 
trigger PP hyperglycaemia, and this reflects a loss of 
glucose tolerance from morning to night (Byun et 
al., 2020). A cross-sectional study conducted by 
Shimizu et al. (2025) reported that irregular meal 
timing is proved to be strongly related to poor 
glycaemic control in women with type 1 diabetes 
mellitus (T1DM) and highly associated with a 
higher prevalence of obesity in men with T2DM. 
Moreover, late dinner intake has been linked with 

a high haemoglobin A1c (HbA1c) level and high 
BMI among patients with T2DM. 
In some acute experimental studies, healthy people 
and people with T2DM had greater levels of blood 
glucose and insulin after nocturnal meals, hence 
signifying an augmented physiologic reaction to 
late evening caloric consumption. These studies 
conclude that circadian rhythm perturbation can 
play a role in the enhancement of a natural 
nocturnal decrease in glucose tolerance (Chauhan 
et al., 2024). An interesting point was also noted by 
researchers that people with diabetes have an 
inverted circadian rhythm, meaning that their 
glycemia and insulin sensitivity are generally better 
in the evening but deteriorate overnight and in the 
early morning hours, leading to morning 
hyperglycaemia and hyperlipidaemia. Therefore, 
one of the main underlying causes of 
hyperglycaemia and hypertriglyceridemia in T2D 
might be due to the disruptions in the 
chronobiology (Heden & Kanaley, 2019). 
However, this is not a well-established fact. 
Researchers have reported ways to improve 
glycaemic control at dinner by comprehending the 
"second-meal effect." As a result of the metabolic 
and hormonal reactions to the previous lunch 
meal, the second-meal effect improves β-cell 
memory, responsiveness, and glucose tolerance at 
the dinner meal (Jakubowicz et al., 2021). 
In conclusion, the PP glucose response to a meal 
appears to be influenced by the time of day. These 
studies demonstrate that the timing of meal 
consumption has an impact on glucose metabolism 
in addition to the type and quantity of food 
consumed. To establish correlation, however, more 
information from carefully planned 
epidemiological studies is required. 
 
Temporal Patterns of Nutrient Intake and 
Glycaemic Control 
The literature makes clear that there is a clear 
circadian pattern that results in a higher PP glucose 
response to meals at night than in the morning. 
Given the growing number of people adopting a 
later chronotype as a result of various lifestyle 
modifications, it is essential to comprehend how 
diet can be adjusted to maintain circadian 
synchronisation and enhance glycaemic control. 
Glucose levels also seem to be influenced by meal 
composition as much as by meal timing. 
Current evidence indicates that the timing of 
caloric intake can influence glycaemic 
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management. Research indicates that skipping 
breakfast or diminishing food intake at the first 
meal of the day, coupled with high-caloric dinner 
meals (despite no variation in overall daily caloric 
intake), leads to a disruption in peripheral clock 
gene expression and increased daily glucose 
fluctuations (Marino & Arble, 2023). 
Furthermore, prior research has demonstrated that 
elevated caloric consumption during dinner 
correlates with a heightened risk of diabetes, 
cardiovascular disease, as well as increased 
mortality rates from diabetes. Therefore, 
decreasing energy consumption during dinner may 
positively impact metabolic health to a certain 
degree (Baheti et al., 2023). The researchers also 
found that the eating of carbohydrate-rich dinner 
meals led to significantly worse PP glucose profile 
compared to the same meals having been eaten at 
breakfast, regardless of the content of the meal in 
terms of the glycaemic index (Haldar et al., 2020). 
Late meal consumption is associated with an 
increased intake of calories, primarily from 
carbohydrates and fat, and can lead to a prolonged 
PP glucose level increase in the evening, further 
exacerbating glucose intolerance. Poor glycaemic 
control has been associated with increased energy 
uptake past 17:00 in obese adults, and in those 
with diet-controlled or metformin-controlled 
prediabetes or T2D, independent of elevated body 
mass, adiposity, dietary composition, or total 
caloric food consumption (Díaz-Rizzolo et al., 
2024). However, as reported by Nakamura et al. 
(2021), consuming dinner early (at 18:00) 
positively influences blood glucose level variability 
and substrate oxidation in comparison to dining 
late (at 21:00). 
The recent studies suggest that the time of meals 
can significantly impact metabolic health. 
Consumption of the foods in the active period of 
the body, usually in the morning, is linked to 
increased insulin sensitivity and tolerance to 
glucose. Conversely, late-night food intake has 
been attributed to impaired glucose metabolism 
and increased adipose deposition. These findings 
highlight the obvious possibility of using 
chrononutrition as an addition to the traditional 
dietary interventions (Reytor-González et al., 
2025). Altering the late meal composition or 
decreasing the size of the portions is a critical 
approach towards the positive adjustment of the PP 
glycemia. 
 

Temporal Dynamics of Carbohydrate Intake and 
Glycaemic Response 
Regarding circadian rhythmicity and glycaemic 
control, acute interventional studies have reported 
that nocturnal carbohydrate consumption 
positively affects the absorption of dietary 
carbohydrates, thus resulting in a high PP glucose 
response the following morning (Henry et al., 
2020). Moreover, the order of the intake of the 
macronutrients has a pivotal impact on the glucose 
metabolism, especially regarding carbohydrate 
consumption. The quantity, quality, and frequency 
of carbohydrate intake all have a direct effect on 
the PP glycaemia and peripheral insulin sensitivity. 
It has been indicated that the intake of 
carbohydrates in the final part of a meal could have 
a positive effect in regulating the glycaemic 
responses, providing a lower PP peak at 
180 minutes after eating the meal (López-Prieto et 
al., 2024). When compared to fresh white bread, 
frozen and reheated white bread leads to lower 
blood sugar levels. This can be explained by the 
resistant starch formation during the freezing 
process (Yahya & Hashim, 2023). 
Low glycaemic index (GI) and low glycaemic load 
(GL) have been demonstrated to yield a better 
glycaemic control, lipid levels in the blood, blood 
pressure, and BMI in prediabetic and T2D patients 
(Peres et al., 2023). There is mounting evidence 
that intake of carbohydrate-rich meals with high 
glycaemic index when consumed later in the 
evening has a more deleterious impact on PP 
glucose and insulin response than intake of the 
same meals earlier in the day (Stutz et al., 2024). 
One study, however, shows that even within the 
low GI range, the GI value of the food still matters 
in influencing the PP glucose (Kaur et al., 2020). 
A significant molecular distinction occurs in the 
regulation of melatonin secretion. In humans, 
melatonin concentrations reach their zenith 
during the night, suppressing insulin release and 
facilitating fat oxidation instead of glucose 
metabolism. This hormonal alteration elucidates 
the correlation between nocturnal consumption 
and insulin resistance, as well as metabolic 
dysregulation in humans (Fuad et al., 2025). One 
finding explained the role of cortisol in influencing 
glycaemic management during the day compared 
to the night, attributable to the circadian 
rhythmicity of cortisol secretion and heightened 
activity during daylight, suggesting that 
inappropriate cortisol secretion may negatively 
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affect glucose homeostasis in T2D (Liang et al., 
2024).  
The current study indicates that eating a meal at 
night, even if it contains low-glycemic ingredients, 
contributes to larger glucose excursions and 
correspondingly higher insulin levels when 
compared to an equal meal in the morning (Leung 
et al., 2019). Collectively, these studies indicate 
that consuming a low glycaemic index meal, 
regardless of portion size, enhances glycaemic 
response in the morning but exerts minimal 
influence at night. This temporal disparity has 
been linked to the influence of the endogenous 
circadian rhythm on glucose metabolism. 
 
Influence of Fat and Protein Timing on Lowering 
Postprandial Glycaemic Responses to 
Carbohydrates 
Fat and protein have emerged as significant 
modulators of PP glycaemic responses in relation 
to carbohydrate intake. However, research 
indicates that fasting blood glucose levels and 
hepatic total fat were elevated in rats on a high-fat 
low-carbohydrate (HFLC) diet.  Oral glucose 
tolerance was similarly lowered; however, insulin 
sensitivity was not affected. Meanwhile, the HFLC 
diet was also noted to induce a notably greater 
gluconeogenesis rate (de Oliveira et al., 2023). As 
far as protein is concerned, it is noted that protein-
rich meals have the potential to positively impact 
glucose fluctuations at night (Davis et al., 2020). 
Modifying the macronutrient content of the meal 
also appeared to be a successful strategy, as noted 
by Dao et al. (2025), who found that adding 
protein to meals high in carbohydrates frequently 
lowers PP glucose excursions in both individuals 
with or without T2D. This is usually caused by a 
delay in stomach emptying and an increased 
insulin response. It is also reported that during the 
night shift, a nighttime meal that is greater in 
protein and lower in carbohydrates lowers PP 
glucose levels, but it has no influence on the 
metabolic response at the next meal (Cunha et al., 
2020). When dairy or plant protein is added to a 
meal that contains carbohydrates, adults without 
diabetes have physiologically significant decreases 
in glucose and increases in insulin (Wolever et al., 
2024). 
The intake of high glycaemic index starchy foods, 
such as white rice and white bread, has been 
associated with the onset of T2D. Consequently, 
examining the timing of co-ingestion of fats and 

proteins with carbohydrate-rich diets is an 
innovative dietary intervention to mitigate 
glycaemic response. The composition of meals and 
the consumption of low GI/GL foods, especially 
when paired with protein and/or fat, diminish PP 
glucose and insulin responses, hence enhancing 
insulin sensitivity (Papakonstantinou et al., 2022). 
Monounsaturated oil, particularly extra virgin olive 
oil, has been demonstrated to be useful for 
glycaemic management in persons with T2DM. 
These advantages are chiefly ascribed to the fatty 
acid and phenolic makeup of olive oil (Nosić  et al., 
2023). Evidence from meta-analyses also shows that 
olive oil consumption is linked to a lower risk of 
diabetes; in particular, consuming 10–20g of olive 
oil daily may help prevent and manage diabetes 
(Du & Zhou, 2025). Eating meat or fish before rice 
slows down stomach emptying, increases incretin 
secretion, and enhances PP glucose metabolism, 
according to a different study that included both 
healthy adults and people with T2D. Collectively, 
foods high in fat or protein slow down stomach 
emptying and encourage the release of incretin. 
The same study also reviewed that in healthy 
adults, eating vegetables first, then meat and rice, 
reduces the PP glycaemic response by increasing 
glucagon-like peptide-1 (GLP-1) secretion without 
increasing insulin secretion (Kamemoto et al., 
2024). This study's result is consistent with the 
research conducted by Murugesan et al. (2024) and 
Imai et al. (2023). Chewing thoroughly reduces PP 
glucose levels. According to a study, chewing on 
shredded cabbage increases the release of incretins 
after meals, but it has no effect on the PP glucose 
concentration (Kamemoto et al., 2024). Therefore, 
the sequence of presenting meals and their timing 
of ingestion has a major impact on regulating 
glycaemic response. 
To sum up, modern research has determined that 
nocturnal meal intake induces a higher glycaemic 
excursion and insulin resistance as opposed to 
daytime intake. People with late chronotypes may 
benefit from these studies, as they are more likely 
to experience glycaemic excursions and may learn 
how to lower their risk of hyperglycemia. This 
article highlights the nutrient timing and nutrient 
content (carbohydrate, fat, and protein) interaction 
on the metabolism of glucose. They also suggest 
that the temporal patterns of fat and protein in a 
carbohydrate-rich meal also control the PP 
glycaemic and insulinemic responses. More recent 
research has shown that the order of food serving 
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during a meal can also have an effect on glycaemic 
and insulinemic effects. Together, these 
observations are easily generalizable to the 
community-based public-health advocacy targeting 

the population with a high incidence of T2D and 
a carbohydrate-based diet. 
 

 
Table 1. Overview of Research on Meal Timing and Dietary Influences in Glycaemic Regulation 

Country  Stud
y year  

Number of 
participant
s  

Study 
duration  

Aim of the 
study 

Targeted 
populatio
n 

Main 
findings  

Reference
s  

Spain  2024 53,053 
participants  

1 year To examine 
the influence 
of shift work 
on obesity 

31,753 
men 
(17,527 of 
them 
working 
shifts) and 
21,300 
women 
(11,281 of 
them 
working 
shifts) 

Shift 
workers 
exhibit a 
higher 
prevalence 
of obesity 
and 
unhealthy 
lifestyle 
habits, with 
men at 
greater risk 

(Tosoratto 
et al., 
2024) 

United 
Kingdom  

2014 31 
participants 
(12 men 
and 19 
women) 

Random
ized 
controlle
d trial for 
6 weeks 

To examine 
the link 
between daily 
breakfast 
habits (vs. 
extended 
morning 
fasting) and all 
components 
of energy 
balance and 
human health 

Obese and 
lean 
individual
s  

Breakfast 
was noted 
to balance 
the blood 
sugar levels 
of later 
meals, and 
that 
chronic 
morning 
fasting 
lowers 
glucose 
tolerance 

(Afzal et 
al., 2025) 

Japan  2024 4,421 
people 

1 year  To determine 
the association 
of irregular 
dietary habits 
with HbA1c 
and BMI in 
people with 
diabetes 

People 
with 
diabetes 
aged 20-
74 years (8
44 with 
T1D and 
3,577 with 
T2D) 

Irregular 
mealtimes 
are 
associated 
with poor 
glycaemic 
control in 
T1D 
women and 
are 
associated 
with obesity 
in T2D 
men 

(Shimizu 
et al., 
2025) 

India  2024 10 
participants 

Approxi
mately 1 
year 

To assess the 
short-term 
effect of early 

Habitual 
late eaters 
with 

Modificatio
n of dinner 
time in 

(Chauhan 
et al., 
2024) 
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dinner on 
glycaemic 
control in 
habitual late 
eaters with 
uncontrolled 
T2D. 

uncontrol
led T2D 

habitual 
late eaters 
with 
uncontrolle
d T2D 
improves 
glycaemic 
control and 
insulin 
resistance 
in the short 
term 

China  2023 29,405 
participants  

Approxi
mately 2 
years 

To investigate 
the association 
between meal 
frequency and 
T2DM in 
resource-
limited areas 

Permanen
t 
populatio
ns 
between 
the ages of 
18–79 
years were 
recruited 
from rural 
areas 

Reduced 
meal 
frequency, 
especially at 
dinner, was 
associated 
with a lower 
prevalence 
of T2DM 

(Baheti et 
al., 2023) 

Singapor
e  

2020 34 participa
nts  

Random
ized 
crossover 
trial for 
approxi
mately 1 
year  

To assess 
markers of PP 
glucose 
homeostasis 
following high 
or low GI 
meals 
consumed 
either at 
breakfast or at 
dinner 

Healthy, 
Chinese, 
elderly 
volunteers 

Carbohydra
te-rich 
meals 
consumed 
at dinner 
lead to 
significantly 
worse PP 
glucose 
homeostasis 
than when 
consumed 
at breakfast 

(Haldar et 
al., 2020) 

Iraq  2023 32 
participants 
(14 males 
and 18 
females)  

Random
ized 
controlle
d trial 
conducte
d for 3, 
5, and 7 
days. 

To investigate 
the impact of 
reheated white 
bread and 
frozen 
versions on 
the glycaemic 
responses of 
healthy 
individuals. 

Healthy 
participan
ts, aged 
18–50 
with a 
BMI of 
18.5-29 
kg/m² and 
fasting 
blood 
sugar 
levels of 
75–100 
mg/dl. 

Frozen and 
reheated 
white bread 
leads to 
lower blood 
sugar levels 
compared 
to fresh 
white bread 

(Yahya & 
Hashim, 
2023) 
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Japan  2021  12 
participants 
(2 males 
and 10 
females)  

3-day 
randomi
zed 
crossover 
study 

To examine 
whether mild 
early time-
restricted 
eating 
improves 24-h 
blood glucose 
levels and PP 
lipid 
metabolism 

Healthy 
individual
s  

Eating 
dinner early 
(at 18:00) 
has a 
positive 
effect on 
blood 
glucose 
level 
fluctuation 

(Nakamur
a et al., 
2021) 

Brazil  2023 Rats  4 weeks To investigate 
the effects of 
an HFLC diet 
under 
different 
energy 
conditions on 
glucose 
homeostasis 
and hepatic 
gluconeogenes
is  

Rats that 
are being 
fed an 
HFLC 
diet 

Fasting 
blood 
glucose 
levels and 
hepatic 
total fat 
were 
elevated in 
the HFLC 
diet.   

(de 
Oliveira et 
al., 2023) 

Australia  2020 A varying 
number of 
males and 
females 
were 
recruited 
from the 
general 
population. 

2 weeks  To examine 
whether a 
high-protein 
meal 
attenuates PP 
glucose at 
night 

Healthy 
adults  

Protein-rich 
meals have 
the 
potential to 
positively 
impact 
glucose 
fluctuations 
at night 

(Davis et 
al., 2020) 

Brazil  2020 14 males Controll
ed, 
randomi
zed, 
crossover 
clinical 
trial 

To compare 
the acute 
effect of a 
high-
protein/mode
rate 
carbohydrate 
versus a low-
protein/high-
carbohydrate 
diet 

Male 
night 
workers 

A nighttime 
meal that is 
greater in 
protein and 
lower in 
carbohydrat
es lowers PP 
glucose 
levels 

(Cunha et 
al., 2020) 

Canada  2024 11 meta-
analyses 

Varied 
duration
s 

To determine 
the acute 
effect of 
adding 
protein to 
carbohydrate 
on PP 
responses 

Varied 
populatio
ns  

When dairy 
or plant 
protein is 
added to a 
meal, there 
is a 
significant 
decrease in 
glucose and 

(Wolever 
et al., 
2024) 
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an increase 
in insulin 
 

China  2025 10 studies 
(4 cohorts 
and 6 
randomized 
controlled 
trials) 

Varied 
duration
s 

To evaluate 
the effects of 
olive oil 
consumption 
on diabetes 

50,0000 
subjects 
and 
2,0000 
diabetics 

Consuming 
10–20g of 
olive oil 
daily may 
help 
prevent and 
manage 
diabetes. 

(Du & 
Zhou, 
2025) 

India  2024 25 women  4-week 
trial  

To investigate 
whether food 
sequence 
improves 
glycaemic 
control in 
women with 
gestational 
diabetes 

Women 
with 
gestationa
l diabetes 

Prioritizing 
vegetables 
before 
protein and 
carbohydrat
es improves 
glycaemic 
control and 
insulin 
sensitivity 

(Muruges
an et al., 
2024) 

Japan  2023 21 
participants 

Conduct
ed on 3 
separate 
days 

To explore 
whether the 
speed of eating 
a test meal 
influences the 
PP blood 
glucose 

18 young, 
healthy 
women 

Food order 
with 
vegetables 
first and 
carbohydrat
e last 
ameliorates 
PP blood 
glucose and 
insulin 
concentrati
ons even if 
the meal 
was 
consumed 
at a fast 
speed. 

(Imai et 
al., 2023) 

Japan  2024 19 men Two 180-
minute 
trials on 
separate 
days in a 
random 
order 

Examined the 
effects of 
vegetables 
consumed in 
solid versus 
puree forms 
on PP glucose 
metabolism 

Healthy 
young 
men 

Chewing 
on 
shredded 
cabbage 
increases 
the release 
of incretins, 
but does 
not affect 
the PP 
glucose 
concentrati
on 

(Kamemo
to et al., 
2024) 
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Conclusion  
Chrononutrition is a developing area in which 
there is still a lot to learn about how the timing of  
meal consumption affects glucose homeostasis. 
The current review indicates that the choice of 
food is not sufficient enough to determine the PP 
glycaemic excursions. The influence of the timing 
of meals on the occurrence and control of T2D is 
so eminent as to justify the importance of 
emphasizing the timing of meals, rather than their 
nutritional content, alone. The evening meal, 
consisting of a high amount of carbohydrates, has 
been linked to an increase in PP glucose levels as 
compared to the same meal eaten in the morning. 
Therefore, a simple intervention to reduce 
hyperglycaemia in case of a meal intake in the 
evening is to change the macronutrient 
proportions, especially by increasing the protein 
and fat content. Earlier daytime meals should be 
encouraged to help people with diabetes. Foods 
with low GI taken in the morning provide excellent 
glycaemic responses as opposed to foods taken at 
night. Glycaemic responses can be reduced by co-
administration of fats and proteins with 
carbohydrate-rich foods. The order of presentation 
of food had a significant impact on pp glycaemic 
results, in which vegetables should be eaten first, 
then meat, and then rice. This strategy has 
significant potential for lowering pp glucose. 
Additional studies will make it easier to translate 
the principles of chronobiology into community-
based interventions to stem the current trend of 
T2D in the global population. 
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