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Abstract 

Chrononutrition is an emerging discipline that investigates how a person's nutritional intake, when and 

how often, affects a person's circadian rhythm and how this affects metabolism, cardiometabolic health, 

and healthy aging. There is current evidence that both the type of food we eat and the time we eat it 

may influence glucose regulation, lipid metabolism, hormone balance, energy expenditure and body 

weight, all independent of calorie intake. Obesity, insulin resistance, type 2 diabetes, cardiovascular 

disease, and accelerated metabolic aging are all risks when eating times are out of sync with the 

circadian clock, due to late-night eating, irregular meal timing or shift work or disturbed sleep. 

Circadian eating patterns, such as eating one's breakfast, earlier meal timing, early time-restricted 

feeding, and decreased intake of late-night foods, on the other hand, have been correlated with better 

glycemic control, healthier lipid profiles, better blood pressure control, and better energy balance. The 

time of macronutrient consumption also matters, as earlier-in-the-day carbohydrate and total energy 

intake resulted in more positive metabolic outcomes. Moreover, the timing of nutrient supplementation 

can affect their absorption and bioavailability, especially for fat-soluble vitamins, minerals and 

antioxidants. From a broader perspective, chrononutrition could play a role in maintaining good health 

and longevity by promoting better sleep, muscle health, metabolic adaptability, and overall 

physiological resilience. But further, longer term clinical trials are required to make clear, evidence-

based recommendations for various populations. 

 
Keywords: Chrononutrition, Circadian rhythm, Meal timing, Dietary supplements, Metabolic health, 

Healthy aging 

 

Introduction 

Chrononutrition is a relatively new approach that seeks to understand how dietary intake and 

the circadian rhythms interact over time to influence metabolism and overall health [1, 2, 3]. 

Chrononutrition adopts a novel strategy that hinges on the timing of food consumption, 

mirroring the principles of chronobiology, which holds that timing of exposure to stimuli is 

critical in determining outcomes, and suggests that “when” of eating (in addition to what and 

how) may be a key factor in metabolic function and disease risk [4]. Circadian rhythms are 

regulators of physiological functioning, including glucose metabolism, lipid metabolism, 

hormone secretion, expenditure of energy, and sleep–wake cycles, and are approximately 24-

hour (daily) cycles of these processes [5, 6]. Various tissues such as brain, liver, pancreas, 

adipose tissue, and skeletal muscle contain a central and peripheral biological clock both of 

which govern these rhythms. Coordinating the timing of meals with biological cycles is 

important for metabolic homeostasis. Abnormal eating habits, late meals and shift-work or 

irregular eating schedules negatively impact insulin sensitivity, glucose tolerance, and lipid 

metabolism, which leads to higher odds of obesity, type 2 diabetes, and cardiovascular 

disease [2, 4, 7, 8]. By contrast, improved body weight regulation, glycemic control, lipid 

profiles, blood pressure, and gut microbiota function has been observed in early daytime 

eating and time-restricted eating without major calorie restriction [9, 10, 11]. Further, nutrients 

and supplements that have chronobiotic and antioxidant effects, including melatonin, can be 

used to further align the body's internal clock and metabolic health [12]. In elderly individuals, 

optimizing nutritional intake with internal biological clocks can enhance metabolic 

regulation, immune system function, cognitive ability, and overall health and wellbeing [1, 13]. 
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Hence, the objective of this review is to elucidate the current 

evidence regarding the interactions between food timing and 

circadian biology and its effects on metabolic health, 

emphasize its relevance when studying healthy aging, and 

speculate about the scope of chrononutrition-based 

strategies for disease prevention and nutrition therapy [7, 8]. 

 

Materials and Methods  

A narrative review of the literature on chrononutrition, meal 

timing, dietary supplement timing, metabolic health, and 

healthy aging was conducted. Relevant articles published 

between 2015 and 2026 were identified through searches of 

PubMed, Scopus, Web of Science, and Google Scholar 

using keywords such as “chrononutrition,” “circadian 

rhythm,” “meal timing,” “time-restricted eating,” “dietary 

supplement timing,” “metabolic health,” and “healthy 

aging.” Peer-reviewed original research articles, randomized 

controlled trials, clinical trials, systematic reviews, and 

meta-analyses published in English were included. 

Additional relevant studies were identified through 

reference screening. The collected evidence was critically 

reviewed and synthesized to summarize current knowledge 

and identify research gaps in the field. 

 

Circadian Biology and Metabolism: Core Concepts and 

Hormonal Links 

Circadian Rhythms and Biological Clocks 

Circadian biology is the term used for the internal circadian 

(~24 hour) timing system that anticipates the cyclical day–

night cycle, and regulates metabolism, hormone secretion, 

sleep–wake cycles, feeding behavior, and energy balance 
[14]. Almost all cells contain core clock genes that control 

transcription-translation feedback loops that create the 

circadian rhythms and which are synchronized, mainly, by 

light exposure and feeding schedule [15]. The circadian 

system also includes a central clock in the suprachiasmatic 

nucleus (SCN) of the hypothalamus as well as tissue-

specific clocks in various organs and tissues, such as the 

liver, pancreas, adipose tissue, skeletal muscle and gut that 

control tissue-specific metabolic processes [16, 17, 18]. The 

SCN synchronizes peripheral clocks via neural, hormonal 

and behavioral pathways to maintain metabolic homeostasis 

and to maximize the physiological functions in accordance 

with biological time [19].  

 

Circadian Control of Glucose, Lipid, and Energy 

Metabolism 

Circadian rhythms have a strong impact on glucose 

metabolism, lipid metabolism and energy expenditure. 

Insulin secretion, insulin sensitivity, glucose tolerance, and 

hepatic glucose production all vary on a daily basis, and are 

most efficient during the biological morning [15]. In 

metabolic tissues, circadian clocks regulate lipid digestion, 

absorption, biosynthesis, oxidation, and storage [18]. 

Additionally, circadian rhythms regulate feeding and fasting 

cycles, energy expenditure and appetite regulation, which 

are linked to body weight regulation and energy balance [20].  

 

Hormonal Regulation and Metabolic Health 

There are hormones which are related to the circadian 

rhythms and have an important function in metabolic 

regulation, including insulin, cortisol, leptin, ghrelin and 

melatonin [20]. Cortisol is also very circadian in nature and 

under the control of the suprachiasmatic nucleus (SCN) and 

has an impact on glucose production and energy metabolism 
[19]. Leptin and ghrelin have roles in the control of appetite 

and feeding behavior, and are strongly associated with the 

feeding–sleep–wake cycle, insulin sensitivity, and lipid 

metabolism. A hormone that helps cue darkness, melatonin 

also plays a role in glucose homeostasis and in the 

synchronization of the circadian rhythms. Shift work, sleep 

deprivation, late night eating, and exposure to artificial light, 

may result in metabolic dysfunction, obesity and insulin 

resistance, type 2 diabetes, and cardiovascular disease [14, 16]. 

Thus, alignment of the behavioral rhythms with internal 

circadian rhythms is essential to metabolic health and 

disease prevention. The figure 1 shows the connection 

between the circadian clock, meal timing, metabolically 

related processes and health outcomes. 

 

 
Source: Author's illustration based on references cited in this review. 

 

Fig 1: Relationship between Circadian Rhythm, Meal Timing and Metabolic Health 
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Chrononutrition, Meal Timing, and Cardiometabolic 

Health 

Breakfast Timing and Cardiometabolic Risk 

The first meal of the day (FoM) seems to play a pivotal role 

in chrononutrition studies relating to metabolic health. It has 

been observed that skipping breakfast and eating breakfast 

late are associated with increased risk of obesity, type 2 

diabetes mellitus, hypertension, coronary heart disease and 

poor cardiometabolic profile [2, 9, 11, 13, 21]. Randomized 

controlled trials have, however, produced inconsistent 

findings on the direct link of breakfast timing with body 

weight and metabolic outcomes, which may be due to 

variations in diet quality and lifestyle habits [9, 21]. These 

inconsistencies could be explained by variability in length of 

the study, study demographics, food content of breakfast, 

lifestyle behaviors and definitions of breakfast intake 

between studies. Therefore, further well-designed long-term 

intervention studies are needed to establish causal 

relationships. However, regular day time eating is generally 

believed to be good for circadian rhythm and metabolic 

regulation.  

 

Late-Night Eating and Meal Timing Patterns 

Late-night eating has been consistently linked to negative 

metabolic consequences. The intake of carbohydrates later 

in the day, specifically in the last 2 hours of the day prior to 

sleep, has been linked with overweight/obesity, 

cardiovascular disease, dyslipidemia, visceral adiposity, 

metabolic syndrome and impaired glucose tolerance 

regardless of the overall calorie content of the diet [2, 7, 22, 23, 

24]. Other factors that have been associated with irregular 

patterns of meal timing are poor cardiometabolic profiles 

and increased evening energy intake [9, 24, 25, 26]. The results 

highlight the relevance of feeding schedules that are 

consistent with circadian rhythms.  

 

Time-Restricted Eating and Cardiometabolic Benefits 

Time-restricted eating (TRE), defined as limiting food 

intake to a 6-10-h eating window, has gained considerable 

popularity in recent years. Studies have shown that 

overweight or obese individuals can lose weight, lose fat 

mass and improve blood pressure, fasting glucose and 

triglyceride levels after TRE [7, 27]. Some metabolic benefits 

may occur independently of weight loss, perhaps related to 

better synchronization of circadian rhythms and improved 

metabolic efficiency [22, 28]. Eating earlier in the day (i.e., 

early time-restricted eating) seems to be particularly 

beneficial for glycemic control and lipid metabolism. 

Current evidence supports the promise of chrononutrition 

for weight loss, diabetes and cardiovascular risk reduction, 

but additional long-term, large-scale studies are needed to 

establish precise cardiometabolic outcomes and optimal 

meal-timing strategies. Despite these promising results, 

evidence for time-restricted eating is inconsistent between 

studies. Results may be affected by differences in the length 

of the eating window, intervention duration, characteristics 

of the study population, and degree of adherence. These 

methodological differences do not allow the comparison of 

studies and the elaboration of universal recommendations. 

Long-term randomized controlled trials are required to 

establish the best time-restricted eating protocols for various 

populations. Major meal timing patterns and their 

association with cardiometabolic health are summarized in 

Table 1.  

Chronotype and Meal Timing 

Chronotype (preference for timing of sleep and activity) can 

be characterized as morning (early chronotype), 

intermediate, or evening (late chronotype). Emerging 

evidence suggests that chronotype affects eating behavior, 

meal timing, and metabolic health outcomes. Evening 

chronotype individuals are more likely to have a higher 

proportion of their daily energy intake later in the day, skip 

breakfast and have irregular eating patterns than morning 

chronotypes [25, 54]. 

Studies indicate that evening chronotypes may be at higher 

risk for obesity, insulin resistance and cardiometabolic 

disorders because of the mismatch between biological 

rhythms and social schedules [47, 54]. In contrast, morning 

chronotypes tend to be associated with more regular meal 

patterns and more favorable metabolic profiles. These 

results suggest that personalized chrononutrition approaches 

with chronotype may improve the efficacy of dietary 

interventions and increase the long-term adherence. 

However, more research is needed to develop evidence-

based recommendations for meal timing interventions based 

on chronotype [47, 56]. 

 

Chrononutrition and Nutrient Metabolism: Timing, 

Macronutrients, and Meal Composition 

Circadian Timing and Macronutrient Metabolism 

In addition to calorie intake, chrononutrition research 

suggests that both meal timing and nutrient composition 

play important roles in the regulation of glucose 

metabolism, lipid metabolism, energy expenditure, and 

obesity risk [2, 7, 22]. Insulin sensitivity, glucose tolerance, 

lipid metabolism, and postprandial responses are influenced 

by circadian rhythms and tend to function more efficiently 

earlier in the day [30]. Therefore, the distribution of 

carbohydrates, proteins, and fats throughout the day may 

either support or disrupt metabolic homeostasis [31, 32]. 

Aligning nutrient intake with the circadian clock may 

improve metabolic health and reduce cardiometabolic risk.  

 

Carbohydrate, Protein, and Fat Timing 

Circadian rhythms have significant effects on carbohydrate 

metabolism, as insulin secretion and insulin sensitivity are 

generally higher in the morning than in the evening [2, 31, 32]. 

This suggests that a greater proportion of carbohydrate 

intake earlier in the day is associated with better glycemic 

regulation and a lower risk of obesity, whereas higher 

carbohydrate intake during the evening is linked to impaired 

glucose tolerance, particularly in individuals with 

prediabetes or metabolic dysfunction [30]. Protein’s 

metabolic effects are also time dependent. Protein intake 

promotes satiety, thermogenesis, muscle protein synthesis, 

and mitochondrial function, especially when combined with 

physical activity and appropriate meal timing [33]. However, 

some observational studies have found greater protein intake 

later in the day to be associated with higher body mass 

index (BMI). Circadian rhythms also affect fat metabolism 

and there is a decrease in fat oxidation at night. This can 

result in dyslipidemia, weight gain, and circadian disruption 

due to the intake of high-fat meals in the evening [22, 34]. 

Circadian impacts on macronutrient metabolism have been 

reported widely, but much of the evidence comes from 

short-term studies or controlled experimental conditions. 

Additional long-term studies are needed to determine 
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whether these findings can be reliably translated to real-

world dietary practice. 

 

Meal Composition and Metabolic Health 

Both meal composition and meal timing are important in 

metabolic health. What you eat, and when you eat, can have 

a profound effect on how your metabolism is regulated. 

Circadian-aligned dietary patterns (e.g., higher energy and 

carbohydrate intake earlier in the day, and more evenly 

distributed protein intake across the day) may support 

glucose metabolism, lipid metabolism, body weight 

regulation, and muscle health [1, 2, 32, 33]. Along with nutrient 

composition, meal timing is a critical component of 

chrononutrition and can contribute to improved metabolic 

control and decreased risk of obesity, diabetes, and other 

cardiometabolic diseases. Table 2 shows the circadian-

favorable patterns of macronutrient timing and potential 

metabolic benefits. 

 

Dietary Supplement Timing and Metabolism 

Importance of Supplement Timing 

The timing of dietary supplement intake may influence 

nutrient absorption, bioavailability and metabolic effects. 

Effects of food matrix, fasting or fed status, food 

composition and interactions with co-ingested nutrients may 

influence supplement efficacy [35, 36, 37]. Many supplements 

achieve maximum plasma concentrations (Tmax) within a 

few hours after ingestion, and therefore, the timing of 

supplements in relation to meals or metabolic states could 

alter the physiological effects [38, 39]. Chrononutrition studies 

suggest that the administration of supplements in line with 

circadian and metabolic rhythms can enhance their efficacy 

and therapeutic results.  

 

Fat-Soluble, Water-Soluble Vitamins, and Mineral 

Absorption 

Vitamins A, D, E and K are fat soluble and need dietary fat 

for optimal absorption. Fasting conditions can drastically 

decrease the bioavailability of these vitamins [35, 36]. But the 

diet's fat content and type can affect how well vitamins D 

and E are absorbed. Unlike this, the majority of water-

soluble vitamins do not depend on dietary fat for absorption, 

although some B-vitamins may have variable levels in 

circulation within hours of food intake [37]. In addition to 

vitamins, absorption of minerals is greatly affected by the 

composition and timing of meals. For example, ascorbic 

acid can increase iron absorption while calcium, phytates 

and polyphenols decrease iron absorption [40, 41]. Selenium 

bioavailability is also dependent on the food composition 

and matrix [42].  

 

Antioxidants, Phytonutrients, and Metabolic Support 

The effects of antioxidant and phytonutrient supplements 

may vary depending on the timing of consumption. Pre-

meal supplementation with antioxidant vitamins C and E has 

been shown to improve inflammatory and oxidative stress 

markers following a high-fat evening meal, compared with 

supplementation at other times, particularly in individuals 

with type 2 diabetes mellitus. Similarly, polyphenol- and 

carotenoid-rich phytochemical supplements may be most 

effective in reducing postprandial oxidative stress when 

consumed alongside meals high in fat or carbohydrates [39]. 

However, current evidence regarding supplement timing 

remains limited, and many studies have focused on acute 

metabolic responses rather than long-term clinical 

outcomes. Consequently, definitive recommendations for 

nutrient-specific timing cannot yet be established. Key 

timing considerations for dietary supplements and nutrients 

are summarized in Table 3.  

 

Chrononutrition and Healthy Aging: Circadian 

Changes, Metabolism, and Muscle Health 

Most of these age-related changes contribute to a higher 

incidence of obesity, insulin resistance, sarcopenia, frailty, 

and chronic diseases such as diabetes and cancer [12, 43, 44]. 

These physiological changes—including phase advances 

and reduced amplitude of circadian rhythms, fragmented 

sleep patterns, decreased melatonin production, altered 

cortisol rhythms, and changes in feeding behavior—are 

commonly observed in older adults and collectively impair 

metabolic flexibility and metabolic resilience [7, 45, 46]. 

Chrononutrition has emerged as a novel approach to support 

healthy aging by aligning the timing of food intake and 

nutrient consumption with circadian biology, thereby 

promoting metabolic homeostasis [47].  

 

Age-Related Circadian and Metabolic Changes 

At all ages, circadian disruption is associated with increased 

susceptibility to obesity, type 2 diabetes, cardiovascular 

disease, and frailty, with these effects being more 

pronounced in older adults [7, 44]. Elderly individuals 

commonly exhibit earlier sleep and meal timing, reduced 

sleep duration, increased daytime sleepiness, and weakened 

rhythmic secretion of hormones such as melatonin and 

cortisol [12, 45, 46]. Dysregulation of appetite control and the 

“anorexia of aging” can further reduce food intake and 

disrupt peripheral circadian clocks [45]. Evidence also 

suggests that dietary interventions, including those 

involving time-based eating patterns, may improve 

metabolic regulation, reduce inflammation, and support 

cognition and sleep quality [12, 46, 48]. Experimental studies 

indicate that time-restricted feeding may help reset clock 

gene expression, enhance metabolic flexibility, and mitigate 

age-related metabolic decline [44].  

 

Muscle Health, Frailty, and Healthspan 

Chrononutrition might be an important strategy to combat 

sarcopenia and frailty, which are major drivers of disability 

and loss of independence in older adults [43, 49]. Circadian 

disruption and poor sleep have been linked to muscle loss 

and reduced physical performance in several studies [43]. 

Optimized nutrition timing strategies, such as adequate 

protein distribution across meals, strategic protein intake 

around exercise, and protein consumption before sleep, 

could positively influence muscle protein synthesis, muscle 

mass and strength [50]. Longer eating windows, earlier first 

meals and appropriately timed last meals are some of the 

chrononutrition behaviors associated with improved muscle 

health outcomes in older adults [51]. Collectively, current 

evidence suggests that dietary intake in accordance with 

circadian rhythms may improve metabolic, physical, sleep, 

and healthspan-related outcomes. Longer-term human 

studies are needed to determine the optimal timing of 

nutrient intake for healthy aging [7, 47, 52]. However, the 

evidence is still limited by small sample sizes, differences in 

dietary assessment methods, and heterogeneity of 

participant age and health status. Longitudinal studies are 
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required to clarify the long-term effects of chrononutrition 

on healthy aging. 

 

Cognitive Health and Neurodegeneration 

There is emerging evidence that circadian rhythms play an 

important role in cognitive function, memory consolidation 

and brain health. Circadian disruption has been associated 

with impaired cognitive performance and risk for 

neurodegenerative disorders including Alzheimer’s disease 

and related dementias [46, 47, 52], and has been associated with 

irregular sleep-wake cycles, shift work, or irregular meal 

timing. 

Chrononutrition may influence cognitive health by affecting 

metabolic regulation, inflammation, oxidative stress and 

sleep quality. Eating at regular times, in accordance with 

circadian rhythms, may promote brain function by 

maintaining glucose homeostasis and minimizing metabolic 

disruptions associated with cognitive decline. Additionally, 

dietary components that have antioxidant and anti-

inflammatory properties may confer additional 

neuroprotective benefits when incorporated into a balanced 

dietary pattern [34, 46].  

Although existing evidence points to a link between 

circadian alignment, meal timing, and cognitive health, 

more longitudinal and interventional research is needed to 

determine whether chrononutrition-based approaches can 

effectively prevent or delay age-related cognitive decline 

and neurodegenerative diseases [47, 52]. Figure 2 illustrates 

the interplay between circadian rhythms, meal timing, 

nutrient timing, metabolic health, and healthy aging.  

 

 
Source: Author's illustration based on references cited in this review. 

 

Fig 2: Chrononutrition Strategies across the Lifespan 

 

Key Research Gaps in Chrononutrition and Supplement 

Timing for Healthy Aging: Strong correlations between 

meal timing and metabolic health have been found from the 

perspective of contemporary chrononutrition research; 

however, there is still little data about the timing of dietary 

supplements and healthy aging. The majority of research has 

been on obesity, diabetes, and more general cardiometabolic 

risk factors; however, outcomes associated with aging, 

including frailty, sarcopenia, brain health, and general 

healthspan, remain largely unexplored [13, 27]. Furthermore, a 

lot of current research is limited by small sample sizes, brief 

follow-up times, and inconsistent eating-window methods, 

which makes it difficult to determine causality or draw clear 

clinical conclusions [7, 9, 10, 53]. Despite their potential to 
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greatly alter responses to time-based nutritional 

interventions, important modifying factors such as sleep 

duration, chronotype, sex, cultural influences, physical 

activity, and overall diet quality have also not been 

consistently taken into consideration [5, 54, 55]. There is still a 

dearth of studies on the timing of dietary supplements, 

especially those containing antioxidants, omega-3 fatty 

acids, and other nutrients that enhance metabolism in older 

adult populations [9]. When combined, these gaps show that 

in order to better understand the long-term effects of time-

restricted eating and supplementation strategies across a 

variety of aging populations, standardized chrononutrition 

terminology, well-designed long-term human studies, and 

real-world implementation trials are required [5, 7, 13]. 

Limitations of the Review 

Selection bias may be introduced because this evaluation is 

narrative in nature and does not adhere to a systematic 

review technique. Furthermore, there is a great deal of 

heterogeneity in study designs, participant characteristics, 

and intervention protocols in the information that is 

currently available on chrononutrition and the timing of 

dietary supplements. The majority of current research is 

either observational or short-term, which restricts the quality 

of inferences that can be made on long-term impacts on 

metabolic health and healthy aging. Thus, extensive, long-

term clinical research is still clearly needed to create solid, 

evidence-based recommendations in this field. 

 
Table 1: Meal Timing Patterns and Their Associations with Cardiometabolic Health 

 

Meal Timing Pattern Cardiometabolic Outcome Proposed Mechanism Key References 

Breakfast skipping / late 

breakfast 

Increased risk of obesity, type 2 diabetes 

mellitus, hypertension, and cardiovascular 

disease 

Reduced insulin sensitivity, impaired glucose 

regulation, and circadian misalignment 
[2, 9, 13] 

Late-night eating / late 

dinner 

Increased visceral adiposity, dyslipidemia, 

metabolic syndrome, and impaired glucose 

tolerance 

Circadian disruption, altered lipid metabolism, 

and reduced glucose tolerance during the 

biological night 

[7, 22, 24] 

Irregular meal timing 
Poor metabolic regulation and increased 

cardiometabolic risk 

Desynchronization between feeding patterns and 

circadian rhythms 
[25, 26] 

Longer daily eating 

window 

Increased overweight/obesity prevalence 

and adverse metabolic markers 

Prolonged energy intake period and disruption of 

metabolic rhythms 
[28] 

Early time-restricted 

eating (TRE) 

Improved glucose control, lipid profile, 

blood pressure, and body weight 

Alignment of food intake with circadian rhythms 

and improved metabolic efficiency 
[27, 29] 

 
Table 2: Circadian-Favorable Macronutrient Timing Patterns 

 

Macronutrient / Aspect 
Circadian-Favorable 

Pattern 
Potential Benefits Proposed Mechanism Key References 

Carbohydrates 
Higher intake earlier in the 

day 

Improved glucose tolerance and 

glycemic control 

Greater insulin sensitivity and 

glucose utilization during 

daytime hours 

[31, 32] 

Protein 

Distributed across the day; 

strategic intake after 

exercise 

Better satiety, muscle protein 

synthesis, and metabolic 

regulation 

Enhanced muscle protein 

synthesis and amino acid 

utilization 

[33] 

Fat 
Lower intake during late 

evening/night 

Reduced dyslipidemia and 

obesity risk 

Improved lipid metabolism and 

reduced metabolic burden 

during the biological night 

[22, 34] 

Energy Distribution 
Front-loaded energy intake 

earlier in the day 

Improved energy balance and 

cardiometabolic health 

Better alignment of energy 

intake with circadian metabolic 

rhythms 

[1, 30] 

 
Table 3: Timing Considerations for Dietary Supplements and Nutrients 

 

Supplement / Nutrient Timing Recommendation 
Reason for Timing 

Recommendation 
Key Effect References 

Vitamin E 
Consume with fat-containing 

meals 

Fat enhances absorption of fat-

soluble compounds 

Improved absorption and 

bioavailability 
[36] 

Fat-soluble vitamins (A, 

D, E, K) 
Take with dietary fat 

Requires dietary fat for optimal 

intestinal absorption 

Enhanced intestinal 

absorption 
[35] 

Water-soluble vitamins 
Preferably around meals with 

adequate hydration 
Supports absorption and utilization Better biomarker response [37] 

Iron supplements 
Avoid calcium/phytates; 

combine with vitamin C 

Vitamin C enhances absorption, 

while calcium and phytates inhibit 

absorption 

Improved iron absorption [40, 41] 

Antioxidant vitamins C 

and E 
Before high-fat meals 

May help reduce postprandial 

oxidative stress 

Reduced oxidative and 

inflammatory stress 
[39] 

Phytonutrient 

supplements 

With or just before high-

fat/high-carbohydrate meals 

May improve bioavailability and 

antioxidant activity 

Better suppression of 

postprandial oxidative 

stress 

[39] 

Selenium supplements 
Timing influenced by dietary 

matrix 

Absorption varies depending on 

food composition and supplement 

form 

Variable bioavailability [42] 
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Discussion 

The results of this review are in line with other research that 

highlights the significance of coordinating food 

consumption with circadian cycles in order to maximize 

metabolic health. Because chrononutrition affects glucose 

control, lipid metabolism, energy balance, and 

cardiovascular health, there is growing evidence that it may 

be a modifiable lifestyle factor with potential implications in 

the prevention and management of chronic diseases [3, 9, 13]. 

Additionally, by adding data on dietary supplement timing 

and healthy aging—two topics that are still largely 

unexplored—this review expands on what is already known. 

Clinically speaking, chrononutrition provides a number of 

useful applications for managing and preventing metabolic 

diseases. Improvements in glycemic control, insulin 

sensitivity, and postprandial glucose responses have been 

linked to earlier meal timing and time-restricted eating, 

especially in people with or at risk of type 2 diabetes 

mellitus [7, 27, 31]. However, significant differences in eating-

window designs, participant profiles, adherence levels, and 

intervention duration lead to heterogeneity between 

research, which restricts the creation of general clinical 

recommendations. By increasing appetite control, energy 

expenditure, and overall metabolic efficiency, cutting back 

on late-night eating and moving energy intake to earlier 

times of the day may also help prevent obesity [7, 22, 30]. 

For groups like shift workers and older persons who are 

susceptible to circadian disturbance, chrononutrition may be 

particularly important. Increased risks of obesity, insulin 

resistance, type 2 diabetes, and cardiovascular disease have 

been associated with irregular sleep-wake cycles and 

irregular meal timing [14, 20]. Frailty, sarcopenia, and 

metabolic dysfunction in older adults may also be 

exacerbated by age-related changes in circadian rhythms, 

sleep quality, hormone regulation, and food behavior [45, 46]. 

Thus, it may be possible to promote muscle health, 

metabolic flexibility, and healthy aging by coordinating 

meal timing, protein distribution, and specific nutrient 

supplementation with endogenous biological cycles [43, 47, 50]. 

Variability in trial populations, intervention methods, 

outcome measures, and follow-up duration continues to 

complicate data synthesis and restrict the development of 

uniform clinical guidelines, despite the fact that the overall 

evidence supports the potential advantages of 

chrononutrition. Direct comparisons are also challenging 

because many research use different meal-timing 

methodologies and are generally short-term. Large-scale, 

long-term randomized controlled trials are therefore 

obviously needed to bolster the body of knowledge and aid 

in the creation of standardized chrononutrition 

recommendations. Lastly, the review's conclusions have 

significant ramifications for public health. The quality and 

quantity of nutrients are the main focus of current dietary 

guidelines, with meal timing receiving very little 

consideration. Consistent meal patterns, less late-night 

eating, increased energy intake during the day, and circadian 

alignment may all be supported by incorporating 

chrononutrition principles into dietary recommendations [5, 

13, 47]. However, before such suggestions can be broadly used 

across a variety of demographics and healthcare settings, 

strong long-term clinical evidence is still needed [5, 7, 53]. 

 

 

 

Conclusion 

A new area of nutrition science called chrononutrition 

emphasizes the significance of when we eat, going beyond 

the conventional emphasis on what we consume. According 

to available data, scheduling meals to coincide with the 

body's circadian cycle may assist control hormone balance, 

blood sugar, lipid metabolism, and total energy use. 

Improved metabolic health and a lower risk of obesity, type 

2 diabetes, and cardiovascular disease have been linked to 

techniques including eating earlier in the day, avoiding late-

night meals, sticking to regular meal schedules, and using 

time-restricted eating. Similarly, although this topic is still 

largely unexplored, the timing of dietary supplements may 

also affect biological efficacy and nutrient absorption. 

Because age-related circadian rhythm disturbance has been 

connected to frailty, sarcopenia, metabolic inefficiency, and 

an increased risk of chronic diseases, the importance of 

chrononutrition is especially clear in the context of healthy 

aging. Muscle function, sleep quality, metabolic flexibility, 

and general health span may all be supported by 

coordinating food consumption with endogenous biological 

cycles. Notwithstanding these encouraging results, many 

study gaps still exist, particularly with regard to long-term 

results, tailored recommendations, supplement scheduling, 

and practical application. Large-scale, long-term studies that 

take individual characteristics like age, chronotype, lifestyle 

factors, and cultural food patterns into consideration should 

be the main emphasis of future study. All things considered, 

chrononutrition is a viable and useful strategy for enhancing 

metabolic health and promoting healthy aging.  
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