Exploring the Impact of Meal Timing on Metabolic Health

Tanveer Sl et al.,

DOI: https://doi.org/10.54393/df.v6i4.193

Review Article

OPEN 8ACCESS

Exploring the Impact of Meal Timing on Metabolic Health: A Narrative Review

of Recent Findings

Syeda Ifrah Tanveer’, Atika Masood', Maryam Hameeda', Asra Sami' and Afsah Rehman'

'Department of Nutrition and Health Promotion, University of Home Economics, Lahore, Pakistan

ARTICLE INFO

ABSTRACT

Keywords:

Appetite-Regulating Hormone, Circadian Cycle,
Meal Timing, Metabolic Health, Time-Restricted
Feeding

How to Cite:

Tanveer, S. |, Masood, A., Hameeda, M., Sami, A.,
& Rehman, A.(2025). Exploring the Impact of Meal
Timingon Metabolic Health: ANarrative Review of
Recent Findings: Exploring the Impact of Meal
Timing on Metabolic Health. DIET FACTOR
(Journal of Nutritional and Food Sciences), 6(4),
12-19. https://doi.org/10.54393/df.v6i4.193

*Corresponding Author:

Syedalfrah Tanveer

Department of Nutrition and Health Promotion,
University of Home Economics, Lahore, Pakistan
ifrah583tanveer@gamil.com

Received Date: 3 November, 2025
Revised Date: 21" December, 2025
Acceptance Date: 29" December, 2025
Published Date: 31" December, 2025

Lifestyle modification is the frontline therapy for preventing and treating dysmetabolic
diseases. Meal timing is a favorable dietary regimen for managing metabolic dysregulation.
Objectives: To evaluate the impact of meal timing on metabolic output through the latest
scientific findings. Methods: For this narrative review, various information retrieval databases
were searched, including Google Scholar, PubMed, and Mendeley. Multiple combinations of
keywords were used to identify relevant literature, such as "mealtime and metabolism,”
“circadian cycle,” “intermittent fasting,” “late eaters and metabolic health,” and "appetite
hormones and meal timing.” Recent articles published between 2020 and 2025 in scientific
journals were prioritized to provide the most up-to-date evidence. Results: Eating habits such
as speed of eating, timing of eating meals, and meal frequency have now gained more attention
because of their potential effect on metabolic health. Mismatched circadian rhythms are
common in shift workers, social gatherings, eating, jetlag, and those who sleep late at night and
wake late inthe morning. Various observational research studiesreport thata greater portion of
meals are takenin the latter half of the day, which increases the risk of metabolic diseases. The
Randomized Controlled Clinical Trial proved that intermittent fasting, time-restricted feeding,
and eating small and frequent meals improve insulin sensitivity and reduce weight.
Conclusions: Skipping breakfast or eating late at night has adversely affected hormone
regulation. Hence, lifestyle modification according to a circadian cycle result in preventing
metabolic disorders.

INTRODUCTION

The term Metabolismis used for all chemical reactions that
take place in cells and are crucial for the existence of life.
Chemical reactions comprise both anabolic and catabolic
processes. Anabolism generates complex molecules, and
Catabolism generates simpler molecules. Maintaining
cellularand body functions requires a continuous supply of
energy through metabolism [1]. A circadian word derived
from the Latin “Circa diem” means “around the day” [2].
Circadian rhythms are biological, visceral 24-hour cycles
that requlate the body's physiological, metabolic, and
behavioral processes. This systeminitiates wake and sleep
episodes and also gives feeding and fasting signals to the

body [3, 4]. Eating/Feeding is the daily rhythm that is
commanded by a circadian system, which is the Central
master clock presentin the hypothalamic suprachiasmatic
nucleus (SCN). It is modified by different environmental
stimuli [6]. When a person's eating and sleeping behavior
does not coincide with the circadian signal, it will cause a
misalignment of the circadian cycle. Over the past few
decades, researchers have focused more on gaining
insight into altering meal timing and its influence on
metabolic output. Research studies indicate that eating
food late in the day or near bedtime at night is correlated
with metabolic issues. Research findings show that shift
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workers or Night duty staff also delay their morning meals
and eat late at night, which disrupts the body's biological
cycleandenergy balance[3]. Humansare diurnal, and most
of the physiological activity occurs in the daytime [6]. The
body's circadian cycle regulates nutrient transport,
utilization, and storage[7]. Various observational research
studiesreportingagreater portion of mealsare takeninthe
latter half of the day, which increases the risk of metabolic
diseases. According to the National Health and Nutrition
Examination survey 2011-2015, most people take about 45
% of their daily energy intake in evening snacks and dinner,
and it has a positive association with weight gain [6].
Consumption of food is transforming into energy that is
used daily. Daily energy is classified into 3 ways: 1) Basal
metabolic rate (60%), 2) Postprandial heat generation (10-
15 %), 3) Physical activity (25-30 %). In a healthy population,
thereisabalance betweenfoodintake and physical activity
[8]. Daily meal pattern is not only affected by biological
factors and habits but also influenced by occupation and
lifestyle, which leads to metabolic disruption and results in
body weight change [9]. Many observational studies claim
that over recent decades, eating patterns have changed
and shifted towards skipping breakfast, eating throughout
the day, prolonging the eating window for night shift
working staff, and shorter sleep duration, which leads to
metabolic disturbance in the body. Hence, proper
mealtime is crucial for the metabolism of the body [10].
Availability of food, feelings of hunger and satiety, social
gatherings, and convenience in making food all create
hindrancesin proper mealtimingand eating patterns.Ifthe
consumption of meals is at the proper time (inherent time
mechanism), then the circadian clock initiates a sensing
pathway to maintain nutrient homeostasis, but if the
consumption of meals occurs at a random time, the
circadian clock is anticipated for new feeding time. Such
disruption increases the risk of metabolic diseases (risk of
obesity, type 2 Diabetes, and Chronic heart disease)[7].

This study aimed to evaluate the impact of meal timing on
metabolic output throughthelatest scientific findings.

METHODS

Various information retrieval databases were used,
including Google Scholar, PubMed, and Mendeley. To gather
relevant literature for this narrative review, multiple
keyword combinations were employed, including
“Appetite-regulating hormone,” “Circadian cycle,” “Meal
Timing,” “Metabolic health,” and “Time-restricted feeding.”
Articlesincluded in this review were published in scientific
journals between 2020 and 2025, written in English, and
covered study designs such as cross-sectional studies,
surveys, observational studies, randomized controlled
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trials, clinical trials, randomized crossover trials, and
cohort studies. Articles published prior to 2020, non-
English articles, and gray literature were excluded. Eating
habits, such as meal timing, frequency, and speed, have
recently attracted considerable attention due to their
influence on metabolic health. Lifestyle modifications
remainthe frontline approach for preventingand managing
metabolic disorders, and meal timing has emerged as a
promising dietary strategy to reqgulate metabolic
dysregulation. Evidence suggests that delayed evening
feeding may adversely affect health by causing
desynchronization between central and peripheral
circadian clocks, particularly affecting gastrointestinal
function and overall metabolism. All aspects of energy
metabolism and appetite hormone regulation follow the
body's circadian rhythm. Disruptions in eating patterns
common among shift workers, individuals with late sleep-
wake cycles, those traveling across time zones, or people
engaged in social gatherings can lead to positive energy
balance and weight gain. Conversely, consuming meals in
alignment with endogenous circadian rhythms, such as
earlyinthe day, may reduce therisk of metabolic disorders,
including obesity, hypertension, type 2 diabetes,
dyslipidemia, and cardiovascularissues. Circadianrhythms
involve physical, mental, and behavioral cycles over 24
hours. While light and dark are primary drivers, other
factors such as dietary intake, food composition,
psychological stress, physical activity, exposure to
electronic devices, environmental and climatic conditions,
and pharmacological or therapeutic interventions also
modulate these rhythms. Proper alignment of food intake
with circadian cues may therefore mitigate the risk of
chronic metabolic diseases. Intermittent fasting,
characterized by temporary abstinence from food through
patterns such as alternate-day fasting or time-restricted
feeding (e.qg., 6 hours feeding and 18 hours fasting), has
gained attention for its metabolic benefits. Evidence
indicates that intermittent fasting promotes fatty acid
metabolism to ketones, enhances thermogenesis,
increases energy expenditure, and supports fat loss.
Consequently, this dietary approach may benefit
individuals with obesity, cardiovascular disorders,
hypertension, and type 2 diabetes. Several studies have
examined intermittent fastingasanintervention for weight
management. A summary of key studies is provided in
Table 1, whichillustratesthe positive impact of intermittent
fastingonweightreductionand metabolic outcomes.
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Table1: Studies Related to Intermittent FastingImpact on Metabolism

Randomized Controlled Trial
(Turkey) Sample Size=70 Study
period 12 weeks

Patient with metabolic syndrome,
age 18 to 65 years, and BMI(Body
Mass Index) 27 or more.

The IER Group (Intermittent Energy Restriction) significantly

reduced weight (reduction of 5.5 kg), the CER group (Continuous

Energy Restriction) significantly reduced weight by 4 kg, and
insulin reduction.

[20]

Randomized Controlled Trial
(China) Sample Size=101 Study
period 3 weeks

Age 18-65 years. Pre-diabetes,
and BMI(Body Mass Index) 23
or more.

The ADF group (Alternate Day Feeding) observed a more
significant reduction in body weight. The TRF group (Time
Restricted Feeding) least significant difference as compared
to the ADF group. No significant difference was observed in
blood glucose level, waist circumference, or LDL (Low-
Density Lipoprotein)in both groups.

[21]

Quasi-experimental clinical trial
(Aga Khan University Hospital)
Sample Size=40 Study period
6 weeks

Age 20-70 years, Serum High
Density Lipoprotein <40 mg/d|
(men)and Serum High Density
Lipoprotein 50 mg/dl (women)

The IF group (Intermittent fasting) showed a significant
reduction in Body Mass Index, Waist circumference, Low
Density Lipoprotein, and a significant improvement in
High Density Lipoprotein.

[22]

Randomized Controlled Trial
Sample Size=103, Study Period
26 weeks (Twice IF/week for first
4 weeks and Once IF/week for
next 22 weeks) Intermittent
Fasting: 24 hrs. Fasting with
water only)

Age 21-70 years, with moderately
elevated LDL-C (Low Density
Lipoprotein Cholesterol)(without
taking statins), with pre-diabetic
(not taking anti-diabetic
medicines), and elevated Blood
Pressure (with taking anti-
hypertensive medicines)

This IF regimen did not reduce LDL-C (Low-Density
Lipoprotein Cholesterol) but significantly reduced HOMA-IR
(Homeostatic Model Assessment of Insulin Resistance) &
Metabolic Syndrome Score

[19]

Randomized Controlled Trial
(Malaysia) Study period 12 weeks
Sunnah Fasting 2 days per week

(Consume a small meal before
sunrise and a full meal after
sunset)

Older males(Take a 300-500 kcal/
day diet with consumption of more
healthy food)

Observed Weight loss approximates 3 %.
Fat massloss 6 -8 %

[23]

Breakfast is a kick-start to daily metabolism. It is considered the most crucial meal of the day that regulates energy
metabolism. Despite this, skipping breakfast is common nowadays[ 24, 25]. According to various research studies, skipping
breakfastis commonamongfemale, studentsinsenior classes, and people who live in other cities[26]. Inthe last 4 decades,
consumption of breakfast and lunch has been declining continuously. Many scientific research studies claimed that total
calorie consumptioninbreakfastisinversely correlated with overweight/obesity and cardiovascular disease risk factors[27,

281(Table 2).

Table 2: Influence of Skipping Breakfast on Metabolic Health

Regqular Breakfast Eaters(56.4 %). The young adult population
Survey StqdyEKorea) Age 20-59 years Both gender was significantly lower in this group. Irreqular Breakfast Eaters [25]
Sample size=21193 p p
have a higher abnormal metabolic outcome.
. Skipping breakfast shows higher cardiovascular and
Cohort Study (United States of - L ;
h o cerebrovascular disease mortality in MAFLD (Metabolic
America) S:?QEJ%;'ZS;ESZB Study Age 20 years or older dysfunction associated with fatty liver disease), but [29]
P y not observed in the non-MAFLD group.
. : Aged 18-85 years, Brazilian adults, Breakfast skippers had higher obesity than Breakfast eaters.
SUSF;?TX ?:giezde(—%%z”) both genders, and excluding night | Body Mass Index increased 0.74 kg/m2 for a delay of breakfast [30]
P - shift workers by every 1hour from standard time.
Chinese adult (having no B ] ) )
) ) B : Serum CRP (C-reactive protein) was considerably higher
Cross-Sectional Study (China) cardiovascular disease and Cancer - T p - )
Sample size=70092 and with CRP (C-reactive Protein) in those individuals who sqkdgﬁteyd breakfast with poor diet [31]
concentration <10 mg/I. ’
There was no significant difference between the breakfast
eater vs. breakfast skipper group in Growth Hormone, Cortisol,

. 3-12 years prepubertal children and Insulin-like growth factor-1, but total cholesterol, LDL-C
Cross—sectlsqna_l ?{tzudy Sample diagnosed with overweight/ (low density lipoprotein cholesterol), TGs (Triglycerides) were [32]
lze= obesity considerably higher in the breakfast skipper, and low HDL
(High Density Lipoprotein) was observed in the breakfast
skipper.

Glucose metabolism follows a circadian cycle, which peaksinthe morningand declinesin later days. Those who reqgularly skip
breakfastand take more caloriesinthe afternoon meal have peripheral tissues that do not manage glucose efficiently, which
leads to a high post-prandial glucose level [ 33]. Skipping breakfast leads to more production of the ghrelin hormone, which
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encouragesanindividual's body to take more energy-dense food and leads toward overeating, which causes more fat storage
and weight gain[34]. The modern lifestyle has a bad impact on people's health; most people consume high-energy food late
at night or near bedtime. Late-night eating is classified in the literature as eating a meal after 10:00 pm or eating a meal 2
hours before bedtime, andif thisactivityisaminimum of 3times per week, thenitis considered late-night eating. This type of
dietary change contradicts circadian rhythm, hence, increased risk of metabolic diseases (glucose intolerance, obesity,
inflammation, and cardiac issues) and sleep disturbance [35, 36]. Epidemiological studies have highlighted that those who
consume late-evening meals have a potentially negative impact on Cardio-metabolic health[ 37].
Table 3: Effect of Late-Night Eatingon the Body's Metabolism

Randomized Crossover Trial

Age 18 -30 years, Healthy

LD group (Late Dinner) had higher postprandial (4h) glucose
and triglycerides levels than the RD group (Regular Dinner).

infarction)

risk of death four to five times more and re-attack of angina
post 30 days of hospital discharge.

e There was no significant difference in morning fasting [38]
Sample Size=20 male/female glucose and triglyceride levels in both groups. (Both groups'
levels returned to normal in the fasting morning state.)
The early dinner group (6:00 pm) had a significant decrease
Randomized Crossover trial, Age >20 years, non-smoker, in postprandial respiratory quotient after breakfast, [39]
Sample size=12 and with no major disease. decreased blood glucose levels, and had a more positive effect
on substrate oxidation than the late dinner group (9:00 pm)
95 % of participants usually consumed fried meals and
Cross-sectional Study (Pakistan) Age 18-30 years, University confectionery items late at night. 75% headache, 66% [40]
Sample Size=150 student, and late-night eaters. sleep disorder, 63 % depression, 59 % stomach acidity,
29 % diarrhea, 25 % vomiting, and 21% piles.
Age 60 -70 years with body mass By giving a test meal to both groups. Results showed that
Crossover Study, Sample size=8, | index <30 kg/m2, Type 2 Diabetes Postprandial glucose and insulin levels were high in the late [41]
and Study Period 3 days HbAlc (Glycated Hemoglobin) 6.6 -dinner group (21:00) as compared to the early-dinner
to 8.5 %, and not working at night. group (18:00)
. ) Skipping Breakfast (no food before lunch) with Late-night
Patient age > 18 years with STEMI - : S - ]
Prospective Observational Study | (ST-segment elevation myocardial dinner (eating within 2 hours before bedtime)increases the [42]

Smalland frequent meal dietary habits are defined as the consumption of snacks or energy-giving beverages between main
meals. It is still unclear whether consuming small and frequent meals or consuming a large meal has a greater potential
benefit for metabolism or metabolic disorders[43]. But unhealthy snacking between main meals hurts anindividual's health

[44](Table 4).

Table 4: Importance of EatingSmalland Frequent Mealsinthe Highlight of Research Studies

Cross-sectional Study

Both male and female Aged

Individuals with higher meal frequency (6 meals or >6 meals/

Size=91 Study Period 3 days

Age 18-64 years With overweight/
obese.

urea nitrogen and total cholesterol levels were higher in 2 MMG
women than in 3 MMG.

(Prospective study) Sample day) had a lower risk of abdominal obesity than those with [43]
Size= 3009 between 47 and 68 years lower meal frequency (3 meals or < 3 meals/day).
Cohort Study (China) Sample
Size= 8874 Study period 4 years S . Participants consuming 4 meals/day had lower risk factors
Participants classification: Comm%ﬁyj\geggrgs peaple associated with type-2 diabetes than those who ate 3 meals [11]
Eating 2 meals/day Eating 3 9 y /day.
meals/day Eating 4 meals/day
; Results highlighted that lower total cholesterol and LDL-C
Cohort Prospective Study e - -
; g : (low-density lipoprotein cholesterol) had a difference of 0.25
IA\Ifgsrgggtaigfirﬁtsopgg;l(\:/:r) Age 45 (7)? ’)\/l%?’;gllljesment mmol/lin those who ate more than 6 meals/day than those [45]
Sample Size= 14666 who consumed 2 meals/day after adjusting for confounding
variables.
Participants who consumed 6 meals/d had decreased HbAlc
(Glycated Hemoglobin) compared to those who consumed 5
Parallel StSqdyEIg%n) Sample 85(1)%1 P’elzlfsavr\;grl]:fmzlg [}g%gfgse meals/d. Results also highlighted that there was no significant [46]
1ze= Yy yP difference observed in low-density lipoprotein, high-density
lipoprotein, total cholesterol, and fasting blood glucose levels.
486 participants in the 2 main meals ) ) .
S S group (2MMG) and 45 participants 3 MMG were found to have higher median values of body weight,
Research Study Sample in the 3 main meals group (3MMG) Total body water, BMR, and hip circumference in men. Renal [47]
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Eating small and frequent meals spreads your whole day
carbohydrate intake into smaller sections, which reduces
the spike ininsulin. Lower insulin spike requires fewer beta
cells for insulin secretion [48]. A Small and frequent meal
pattern brings less load to the liver and muscles and favors
a more efficient oxidation process as compared to storing
itinthe form of fat. Hence, reduces ectopiclipid deposition
[45]. Glucose metabolismin humansis under the control of
the circadian rhythm. During the daytime, when a person
usually consumes food, the body metabolizes glucose
effectively, but the rate of metabolism of glucose is
reduced during the night-dark hours. Various research
studies on rodents and humans claimed that altered meal
times can cause glucose intolerance because insulin and
cortisol hormones (role in the metabolism of glucose) are
requlated by the circadian system. Several studies have
shown that glucose tolerance is more common in night
shift workers [49]. The author Z Xie conducted a
randomized controlled trial over a period of 5 weeks on
healthy individuals. The author compared the insulin
sensitivity response between two groups: one consisting
of early-day eaters and the other a time-restricted feeding
group. Their study results showed that improved insulin
sensitivity was observed in the first group because, during
the early part of the day, our body's biological clock aligns
with our physiological mechanisms, causing muscles and
adipose tissuestorelease moreinsulininthe morning than
later in the day. Another author, Pavlou, conducted a
randomized controlled trial for 6 months on adults with
type 2diabetes. Those who ate their meals earlierinthe day
(following a time-restricted eating regime without calorie
counting) showed a comparable effect in reduction in body
weightand HbAlc as the daily calorie restriction group[50].
Late-night snacking causes dysfunction of the circadian
clock, disrupting lipid metabolism and leading to obesity.
Various hormones, such as melatonin, leptin, and
glucocorticoids, play a role in lipid metabolism and exhibit
rhythmicity in a light/dark cycle. Mouse model research
indicated that melatonin is considered a protective
approach in the prevention of lipid metabolic disorders.
Additionally, leptin regulates energy metabolism and its
peak level at night [51]. The circadian cycle has an impact
on protein metabolism. The anabolic activity of the protein
ishigherinthe daytime; it might be effective to take protein
in the daytime for muscle building. Taking protein close to
bedtime might not be effective because of lower metabolic
activity [52]. Yasuda performed 12 12-week randomized
parallel trial on young adult that engaged in resistance
training. There were two groups: one group (high protein
intake inbreakfast and also evenly distribution of proteinall
meals of day) and other group (on a skewed protein intake
pattern: eating high protein in dinner) Their study
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outcomes showed that in group one where protein intake
was evenly distributed in all day meals had increase muscle
protein synthesis, increase muscle hypertrophy and its
good for muscle building as compared to other group
(skewed protein pattern)[53].-Ghrelin: It was discoveredin
1999 as a ligand for growth hormone. Ghrelin Hormone is
released by the stomach. It is known as the “hunger
hormone”. It gives an appetite stimulus to the body. It
releases more in the fasting state and decreases secretion
after ingestion of food. The peak level of Ghrelin is in the
evening according to the biological clock, so sleeping late
at night, hunger sensation is at its peak level due to the
ghrelin hormone [54]. Leptin: It was identified in 1994 as
lipostat. The leptin hormone is secreted by white adipose
tissues of the body. It is known as a “satiety hormone.” It
plays akey rolein food intake and energy balance. The peak
level of the leptin hormone is close to midnight. According
tovariousintervention studies, the Concentration of leptin
is higherin the morningin late eaters as compared to early
eaters[14,54](Tableb).

Table 5: Peak Time of Digestive Hormones according to the
CircadianClock

Ghrelin At Night
Leptin At Night
PYY (Peptide YY) At Morning
Insulin At Morning
GIP (Glucose-Dependent Insulinotropic Polypeptide) At Morning
GLP1(Glucagon-Like Peptide 1) At Morning

Vujovic conducted a controlled crossover lab study. There
were two groups: early eaters and late eaters, but both
groups followed the same iso-caloric eating pattern. Their
research findings exhibited that in the late eating group
increasein 24-hour ghrelin secretion and adecrease in 24~
hour leptin secretion, hence, it increased hunger feeling
and less feeling of satiety[55]. Another author, Manoogian,
highlighted in his review that various clinical trials
supported the same evidence that those who rely on a
narrow feeding regimen (one meal/day) have higher ghrelin
productionandleadstoward glucoseintolerance[56].

CONCLUSIONS

Recent studies have highlighted that intermittent fasting,
time-restricted feeding, and eating small and frequent
meals show different responses in individuals depending
on their metabolism. Skipping breakfast or eating late at
night has adversely affected hormonal regulation and
increased the chances of obesity, which ultimately leads to
metabolic diseases. Hence, lifestyle modification
according to a circadian cycle result in preventing
metabolicdisorders.
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