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ABSTRACT

Background

The timing of food intake, a key component of chrono-nutrition, significantly impacts metabolic health and the
risk of developing conditions like type 2 diabetes and obesity, particularly in susceptible populations such as
night shift workers. This study aimed to explore the association between chrono-nutrition, chronotype, sleep
quality, and glycaemic control among individuals with diabetes.

Methods

The study was conducted with a sample size of 200 participants (100 males, 100 females). The study
participants included individuals with diagnosed type 2 diabetes, obesity, and night shift workers aged 18 to 60
years. Anthropometric data (BMI, waist-hip ratio, body fat percentage) and information on diet, chronotype
(using the Horne and Ostberg Morningness-Eveningness Questionnaire), and sleep quality (using the Pittsburgh
Sleep Quality Index) were collected. Glycaemic control was assessed using biochemical measures including
HbAc, fasting blood sugar (FBS), and postprandial blood sugar (PPBS).

Results

Results showed significant correlations between several chrono-nutritional indicators and blood glucose levels.
Eating the last meal before 8:00 p.m. was associated with better glycaemic control compared to eating later. A
strong correlation was observed between frequent midnight eating and poor blood sugar control. Morning
chronotypes demonstrated better dietary habits, including earlier dining and larger lunches, while evening
chronotypes were more likely to eat their largest meal at dinner and have longer eating windows. Poor sleep
quality was also linked to shorter evening latency and negatively impacted glucose homeostasis.

Conclusion

In conclusion, aligning dietary practices with the body's inherent circadian rhythms can help mitigate the risks
associated with type 2 diabetes and obesity, especially for night shift workers. These findings suggest that meal
timing is a crucial, modifiable factor in managing metabolic health.

Keywords: Chrononutrition, Type 2-Diabetes, Obesity, Night shift workers, Diabetes Specific nutrition
(DSN), Anthropometric data.
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Introduction:

A key characteristic of life on Earth is
its ability to adjust to the daily
fluctuations in  the surrounding
environment. In response to these
environmental changes, various life
forms have evolved internal mechanisms
for timekeeping that allow them to predict
fluctuations in light and temperature,
thereby optimizing their physiological
processes and behaviours following the
Earth's rotation. In humans, this
timekeeping mechanism is characterized
by roughly 24-hour cycles, which
establish  the  circadian  rhythm!.
Chronotype  denotes the  personal
inclinations regarding the timing of daily
activities, which are indicative of the
fundamental intrinsic circadian rhythms.
There are three distinct chronotypes
identified: Morning-types (M-types) and
Evening-types (E-types), each of which
can be further divided into extreme and
moderate categories, in addition to the
Neither-types (N-types). A  person's
chronotype exists along a continuum that
ranges from morning to evening
preferences. Those who do not exhibit a
strong circadian inclination are classified
as N-types, as they display characteristics
that are intermediate between the two
extremes.” Individuals who identify as
evening types have been linked to
engaging in less healthy behaviours and
experiencing a greater risk of morbidity
and mortality compared to those who are
morning types and N-typel.

Chronology

As early as 1729, it was documented
that this daily rhythmic behaviour was
likely endogenously generated, and it was
also near this time that Carl von Linne
(1707-1778) constructed a “floral clock”
noting the predictability of petal opening
and closing times of various species of
flowers (Chandrashekaran 1998).
However, it was not until 200 years later
that Erwin Bunning provided the first
evidence for the genetic basis of circadian
rhythms generation by demonstrating that
period length is heritable in bean plants
(McClung 2006). Bunning also put forth
an influential hypothesis that circadian
oscillators can be used to measure
seasonal changes in addition to measuring

daily cycles (McClung 2006) and pointed
out the adaptive significance of tracking
seasonal changes. Thus, the field of
circadian rhythms originated from keen
observation of plants, and it was not until
later that the first observations of
endogenously driven rhythms in bacteria
(Mitsui et al. 1986), single-cell
eukaryotes (Sweeney and Hastings 1957),
insects (Beling 1929), birds (Kramer
1952), rodents (Richter 1922), primates
(Simpson and Gaibraith 1906), and
humans (Aschoff and Wever 1962) were
discovered.

A significant milestone in the
exploration of the genetic foundations of
rhythm generation was achieved by
Ronald Konopka and Seymour Benzer
through  their mutant screen in
Drosophila
melanogaster (Konopka and Benzer
1971). They scrutinized mutagenized flies
for the sustained expression of two
circadian behaviours: pupal eclosion and
locomotor activity. The observed flies
presented one of three distinct mutant
phenotypes: an extended circadian period,
a reduced period, or arrhythmia. All these
phenotypes were linked to a single locus,
now designated as the Period gene.
Shortly after this groundbreaking finding
in fruit flies, the frequency gene was
demonstrated to be vital for the
persistence of rhythmic conidiation in the
filamentous fungus Neurospora crassa
(Feldman and Hoyle 1973). The findings
indicated that mutations in individual
genes can significantly affect complex
behaviors. This, along with the
identification of a heritable timing
mutation in hamsters by Martin Ralph and
Michael Menaker (Ralph and Menaker
1988), justified the initiation of an
extensive mutant screening in mice.’?
Following this, numerous clock genes
have been identified across various
biological systems, including prokaryotes
and eukaryotes such as cyanobacteria,
fungi, plants, insects, and mammals.
Notably, mutations in clock genes also
have a profound impact on human
circadian  rhythms. A  remarkable
overarching principle can be discerned
from the analysis of these diverse clock
gene systems: all organisms appear to
have developed transcriptional and
posttranslational feedback loops that
facilitate the generation of robust,
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approximately 24-hour rhythms.*

Circadian rhythm and Suprachiasmatic

nucleus

Circadian rhythms represent 24-
hour cycles that are governed by
endogenous molecular oscillators known
as the circadian clock. The circadian
clock serves to prime the body for various
occurrences throughout the day. These
events encompass physiological aspects
including the secretion of hormones, heart
rate, renal blood circulation, the sleep-
wake cycle, and variations in body
temperature.’ Circadian clocks represent
autonomous molecular systems within
cells that provide a selective advantage
by enabling anticipation. This capability
allows cells, organs, and organisms to
prepare for external stimuli or stressors
prior to their occurrence. Consequently,
these clocks promote timely responses by
coordinating various cellular processes
throughout the day. Present in nearly all
mammalian cells, circadian clocks consist
of transcriptional and translational
feedback loops, with their components
exhibiting a natural oscillation period of
approximately 24 hours.® Circadian
rhythms, provide a significant benefit in
terms of time conservation and energy
efficiency. The circadian clock is situated
in the Suprachiasmatic nucleus (SCN).
The suprachiasmatic nucleus is located in
the hypothalamus, it is synchronized by
light/dark  cycles, which primarily
regulate various activity-related rhythms,
including  sleep/wake patterns, the
autonomic nervous system, core body
temperature, and melatonin production.
Conversely, feeding and fasting cycles
influence peripheral clocks found in
numerous tissues, including certain
regions of the brain. Peripheral clocks
play a
crucial role in regulating various local
physiological processes, such as the
maintenance of glucose and lipid balance,
the secretion of hormones, the
metabolism of xenobiotics, the immune
response, and the functioning of the
digestive system.” The regulation of
peripheral clocks is affected not only by
the central clock's stimuli but also by
additional elements such as dietary
intake, exercise, and stress, functioning
independently of the central clock's
influence.?

Chrono nutrients

Dr. Alain Delabos formulated the
concept of chrono-nutrition in the year
1986. The concept of "chrono-nutrition"
has emerged in recent discussions to
describe the interplay between dietary
habits and the circadian rhythm system.’
The field of chrono-nutrition is gaining
traction as it investigates how the timing
of food consumption interacts with the
body's circadian cycles and influences
metabolic well-being. Chrono-nutrition is
a dietary approach that aligns with the
body's biological clock, which is
influenced by metabolic  changes
throughout the day. Research indicates
that consuming meals at irregular times or
later in the day can lead to increased body
fat (Obesity), type 2 diabetes mellitus
(T2DM), and various cardiometabolic
risk factors. This nutritional strategy
emphasizes three key aspects of eating
behaviour: timing, frequency, and
regularity. Among the various dietary
interventions, chrono-nutritive therapy,
rooted in chronobiology, advocates for
the consumption of the majority of
calories and carbohydrates during lunch
and early afternoon, while discouraging
late-night meals. This perspective
highlights that not only the quantity and
composition of macronutrients and
micronutrients matter, but also the timing
of food intake—whether during daylight,
evening, or nighttime—plays a crucial
role in maintaining metabolic health and
may serve as an effective strategy for
weight management.'® Time-restricted
feeding (TRF) is one of the chrono
nutritional approaches that refers to a
nutritional strategy where individuals are
permitted to eat freely within a specified
time frame. This approach typically
reduces the daily eating period, which is
the span from the first to the last intake of
energy, from the conventional 12 to 14
hours per day to under 10 hours per day.!!

Disturbance in the circadian rhythm

The well-defined circadian control of
glucose metabolism leads to the
expectation that perturbation of the
circadian system will have deleterious
impacts on glucose metabolism. The
phrase "circadian disruption"
encompasses a range of situations,
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prompting the utilization of diverse
experimental approaches to explore its
effects on metabolism. In general,
“disruption of circadian rhythms” refers
to a perturbation in the temporal
regulation of biological processes,
manifesting across various

hierarchical levels of organization and
potentially  involving  discrepancies
between these levels, spanning from the
oscillations at the molecular level within
cells to the incongruity of behavioural
patterns with external environmental
cues.!?

In developing countries, Shift work is
common in many sectors and industries
to organize the requirements for
workforce flexibility, essential for
enhancing productivity and
competitiveness in business. Shift work is
characterized as employment that occurs
predominantly outside of the typical
working hours during the day. The
regulation of sleep timing is widely
recognized to be governed by the
circadian rhythm. Human beings belong to
the diurnal category of species;
predominantly sleeping during the night
in cycles of approximately 24 hours.
Deviation from this typical pattern, such
as in the case of individuals engaged in
nocturnal work shifts, results in the
manifestation of the circadian clock's
impact.!*  Furthermore,  individuals
working in shifts may encounter
disruptions in their sleep patterns when
there is a misalignment among light-dark
cycles, levels of alertness, and dietary
habits. The International Agency for
Research on Cancer has categorized shift
work that leads to circadian disruption as
a probable human carcinogen, citing
substantial evidence from animal studies
alongside limited evidence from human
research. The mechanisms that may
contribute to the heightened cancer risk in
night shift workers include -circadian
disruption and irregular melatonin
production.™

Metabolic disturbance

The hypothalamus plays a crucial role
in the regulation of hunger and sleep,
which is intricately linked to the
management of circadian rhythms. In
both instances, these regulatory processes
influence the body's energy expenditure,
thereby affecting metabolism. The
endogenous circadian timing system,

which encompasses the suprachiasmatic
nucleus (SCN) located in the
hypothalamus as well as peripheral
oscillators found in essential organs,
effectively governs a significant portion
of our physiological functions and
behaviours throughout the 24-hour cycle,
provided it is properly synchronized with
the sleep/wake pattern. '3
The daily changes in metabolic
activity correlate with the sleep-wake
cycle, causing a phase difference in
metabolic rhythms between diurnal and
nocturnal species.!® Typically, individuals
consume three meals throughout the day.
While numerous studies have examined
the postprandial metabolic responses
associated with individual meals, there is
a notable scarcity of research that
compares the metabolic effects of
breakfast, lunch, and dinner.!” An
examination of how the time of day
influences postprandial metabolic
responses to macronutrients, alongside
the contribution of circadian rhythms to
these temporal effects, is essential for a
comprehensive understanding of
metabolic processes.Glucose metabolism
Glucose is the instant energy
provider macronutrient. The response of
postprandial glucose levels to meals is
contingent upon the specific time of day
at which the meals are consumed. Human
glucose tolerance exhibits a greater
capacity in the morning compared to the
evening. Studies have shown that the
differences in  glucose  tolerance
experienced in the morning compared to
the evening are linked to the circadian
regulation of glucose processing and the
activity of pancreatic B
cells."®Disturbance in circadian rhythm
disrupts glucose metabolism leading to
insulin resistance, contributing to the
development of type 2 diabetes mellitus.
Obesity is prevalent among most
individuals with type 2 diabetes, and this
excess body weight is a contributing
factor to the development of insulin
resistance. This type of diabetes often
remains undetected for extended periods,
as the onset of hyperglycaemia occurs
gradually. In the initial stages, the
severity may not be sufficient for patients
to recognize the typical symptoms
associated with diabetes. However,
individuals with this condition face a
heightened risk of experiencing both
macrovascular and microvascular
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complications.!® Global estimates suggest
that 463 million individuals have diabetes
as of 2019 and that this number will
increase to 700 million by 2045.20

Lipid metabolism

Research indicates that the timing of
food intake influences the postprandial
triacylglycerol (TG) response. Sopowski
et al. examined the blood TG response to
a consistent high-fat meal consumed at
two different times: during the day (1:30
PM) and at night (01:30 AM) among
healthy male and female participants.
Their findings revealed that the
postprandial TG levels were significantly
higher and sustained for a longer duration
during the night compared to the
daytime.?! Numerous research findings
suggest that eating at a later hour or
closer to the onset of biological night
appears to be associated with an
increased risk of obesity this was found to
be true in my experiment.

Objectives of the present study includes

1. The study of the role of chrono
nutrients in type 2 diabetes,
obesity, and night shift workers
aims to understand how the
timing of nutrient intake (chrono
nutrition)  affects  metabolic
health.

2. Dietary Recommendations: The
goal is to establish evidence-
informed dietary guidelines that
consider the timing of nutrient
consumption for the purpose of
achieving  improved  health
outcomes.

3. Preventive Strategies: The goal
is to identify chrono nutrient
patterns that may contribute to
the prevention or management
of type 2 diabetes and obesity,
especially ~ within  high-risk
demographics, including night
shift workers.

4. Mechanistic  Insights:  To
elucidate the biological
mechanisms by which meal
timing  impacts  metabolic
processes is  crucial  for
informing subsequent research
and intervention
efforts.Materials and
methodology Sample size

The required sample size was 200 which was

taken through Type2Diabetes, Obesity and
Night shift workers.

Sample method

The sampling was selected through random
sampling.

Study design

This cross Selective study was conducted
between July 2024 and August 2024 in
an urban setting. The study’s eligible
participants were found at two diabetic
clinics.

The 1%t Clinic with 100
members based on
Type2Diabetes, Obesity and

Night Shift workers. The 2™

Clinic with 100 members based

on Type2Diabetes, Obesity and

Night Shift workers. Inclusion

criteria

Males and Females, willing to
participate, between the ages of 18 and
30; 35 to 40; and 45 to 60; diagnosed
with type 2 diabetes; obese; and working
night shifts without experiencing any
secondary symptoms with in the previous
two months.

Exclusion Criteria

Individual who did not follow up with the
clinic as scheduled.

Personal Information

The participants personal data was
gathered including name, age, sex, level
of education, occupation, and type of
family. Qualification for education was
categorized.

Anthropometric and Body composition data

Body composition monitor, body
SCANTM HBF-224 which is
standardized and  accurately  the
calibrated, stadiometer floor type, which
has a measurement range of 20-210 cm
and a gradation of Imm, was used to
measure  height. To the closest
millimetre, the height was read.

BMI is derived from the weight in
kilograms divided by the square of the
height in meters[kg/m2], based on the
Asian Pacific Classification.
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BMI is classified into four classes. Weight [in
kg] divided by height [in m2] yields the BMI.

Using the waist hip ratio can be
computed using the formula waist
circumference/hip circumference, which
involves dividing the waist measurement
by the hip measurement, The American
Diabetes Association [ADA] states that
the typical waist hip ratio for Indian men
is 0.88 and for Indian women is 0.81. we
measured the percentage of muscle and
body fat the Body Composition Monitor
HBF-375[Omran Health Care].

Diet Information

This was gathered over the course of
three days- Two workdays and one day
off using a 24 hour dietary recall. Using
the Diet Call program, The 3-day, 24
hour diet recall was transformed into raw
ingredients and then qualified.

Chronotype

To evaluate Morningness-Eveningness in
human circadian rhythms, the Horne and
Ostberg Morningness-Eveningness
questionnaire  (MEQ) was utilised,
comprising of 19 questions. 16-86 is the
scoring range. 'Definitely evening' is
indicated by scores between 16 and
30,'moderate evening' by scores between
31 and 41, 'intermediate kinds' by scores
between 42 and 58,'moderate morning' by
scores 43 to 58, and 'certainly morning'
by scores between 70 and 86.

Biochemical parameters

The chrono-nutrition profile below was
derived from biochemical measures, such
as HbAlc, post-prandial blood sugar, and
fasting blood sugar, that were taken from
the patient's case files no more than a
month ago. Several behaviours were
taken into account while assessing this:
The behavioural

indications of chrono-nutrition include
the 12-hour eating window, skipping
breakfast, evening tardiness, evening
eating, night eating, and greatest meal.

Sleep

The quality of the participants' sleep was
evaluated using the Pittsburgh Sleep

Quality Index (PSQI). Nineteen self-rated
questions make up the PSQI. Seven
components make up the scoring system,
and each one has a point range of 0 to 3.
A score of 0 implies no difficulty, while a
score of 3 indicates extreme difficulty.
After adding the scores of the seven
components, a single "global" score is
produced, which goes from 0 to 21. In
this number, 0 denotes no difficulty and
21 denotes extreme difficulty in every
area. Poor sleep quality is indicated by a
global score of five or above.

Triglyceride Glucose Index

The natural logarithm of the product of
plasma glucose and triglycerides was used
to compute the TyG index. The formula is
natural logarithm (trigylcerides
[mg/dL]xglucose [mg/dL]/2). It is a
legitimate and trustworthy substitute
indicator of insulin resistance.

RESULTS AND DISCUSSION

The study had 200 individuals in all, 100
of whom were female and aged between
35 and 60. The study was conducted in
two private diabetes clinics—
approximately 50% of participants who
were female and 50% of participants.
Approximately 88% of the female
participants worked from home. Of the
male participants, almost 60% were
retired. In a nuclear family, around 73%,
22%, of people live.

Table 1: Participants anthropometric
measurements (n=200)

Cut- | Mean+ | Cut-off| Mean +

off | SD SD
Female
Male(100) (100)
Waist circumference

Normal <85 | 83.3+2.1 | <80 79.0

High >95 [103.8+7.1| >21 95.1£8.5

Waist-hip ratio

Normal <0.88( 0.8£0.0 | <0.81 | 0.7+0.0
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High >(0.87| 0.7£0.2 | >0.87 | 0.8+0. <[5.]6.]8|=|<l]10f=126 | <l|=1
5.1 7+ 54 0-H9. [ 00| O- 40| 40
BMI 716 7/ 8|0 12
41 9] 9 5
Underweight| <18.5] N/A <18.5 | N/A Association between time of eating largest meal
with glycaemic control in people with diabetes
Normal 18.5— 21.6%1.1 | 18.5— | 22.1+14 Break | 0| 0 22| 5|4 [5 |5 47 |27
22.9 22.9 fast | %% | % | % | % | % | % 4% | %
overweight | 23.2- 24.2+0.6 | 23.2— | 24.5+0.7 9
24.2 24.8 Lunch| 27| 1[(0]0 |7 |6 |1% |12|1
obese >24.0| 28.0+£2.1 | >26.0 | 29.1£3.9 Y% | % | %% | % | % | % % | %
Dinne| O | 1[25|11|13 (0 [4 [50% |4 |50
Table 2: Glycemic management and behavioral r %1 %1 %1 %[ % | % | % % | %

markers of Chrono-nutrition are associated Association between evening latency with

glycaemic control in people with diabetes

HbATe% FBSdL PPBE >6 |0[o[0o[o[o o]0 0% [o]o0

(mg/dL) (Lr;‘g hours | %| % | % | % | % | % | % % | %

7 W e o g R pey ey e 26 |3 2[21[5[2 |5 [7 [22% [13[25

6| 6- 4-{ 9-[9. [00|0-| 25|41 |41 hours | %| %| %] %] % | %| % % | %

6. 7. 811 12 <2 042811311 |2 |6 |53% (7 |54

4| gl 8 5 hours | % | % | % | %| % | % | % % | %
Association between the time of eating last meal Association between eating window with
with glycaemic control in people with diabetes glycaemic control in people with diabetes

<8:00 31 0/8% 3|1 |4 |5 |7 |6 |8 <12 | 2|4(|16/5|3 (4 |5 [54% |9 |56

pm. | %] %] %% | % |%|%|%|% hours | %| % | %| % | % | % | % % | %

8:00 0 7128/ 14/1516 |9 |50| 13|51 12-14|1 0| 2133112| 14|15 [9 | 19% | 11|22

11:59 | %| %| %| %| % |% | % | % | % | % hours | %| % | % | % | % | % | % % | %o

p-m. >14 0[O0 1|1 |00 2% 1|1

hours | % | % |% | %| % | % | % % | %

211:00 | O 1f13/4% 4 |0 |2 1912 |19 Association between frequencies of eating during

p.m. Yo| %o| % Yo | % | % | % | % | % midnight hours with glycaemic control in people
Association of timing of low GI dinner with with
glycaemic control in people with diabetes diabetes
Low GI 1 3[4|18/6|5 (4|8 |11% |7 |12
dinner TI1 [7%][1%[ 0 |4 [2 |3 [4 |2 day/w| % | % | % | % | % | % | % % | %
+early %l|% % | % | % | % | % | % eck

or

less

2-3 [0f2|8]|1]6 1|5 |9% |11|48
Low GI days/ | %| %| % | % | % | % | % % | %
dinner 1| 1)42(22]22 [0 |0 [90[0 |90 week
Hate | %) V6| %61 %6\% | % | %) % % | % >4 0] 3[26] 1413 [2 [4 [47% |5 |21
dinner (3 days/ | %| %| % | %|% | % | % % | %
p-m—12 week
a.m.)

Joint family and extended
family, respectively. The
Table 2 continued. majority of participants, 25.9%
of whom are female and 37.8%
of whom are male, are between
the ages of 55 and 60. Two years
is the median length of diabetes.
Table 1 displays the waist

HbAlc (%) FBS (mg/dL) | PPBS circumference, BMI, and waist
(mg/d to hip ratio. Approximately 85%
9) of the male participants in total

have a body mass index of
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greater than 25%. About 65.0%
of the female participants had
between 30 and 35% of total
body fat; 26.9% had between
35% and 35% of total body fat,
and only 4.6% had less than
20% of total body fat. Visceral
fat percentages more than 15%
are present in about 47% of male
individuals and 31% of female
participants. The majority of
individuals, whether male (91%)
and female (80%), had low
percentages of skeletal muscle
overall in their bodies, with less
than 24% of body weight.

Six behavioural markers that

are likely to affect metabolic

health were used to evaluate

the chrono-nutrition status:

missing breakfast, eating the

largest meal of the day, eating

in the evening, eating late at

night, eating at midnight, and

eating window.

The last meal's early hours, the

eating window, the time of
breakfast, and the evening

delay all significantly

correlated with blood glucose

levels (Table 2). A substantial

correlation was seen between

blood glucose levels and eating

a low-GI meal at an early hour

(Table 2). A strong correlation

was seen between eating more

often around midnight and

having trouble controlling

blood sugar (Table 2). The

biggest meal during the resting

period had a  positive

connection, with the surrogate

measure of insulin resistance,

the TyG index.

Table 3: Relationships between chronotype
and dietary information in individuals with

diabetes
and between chronotype and chrono-nutrition
components.
Behavioural Morning Evening
Indicators Chronotype Chronotype
Eating window
<12 hours 32% 1%

12—14 hours 15% 50%

>14 hours 0% 2%

Evening eating

<7:00 p.m. 14% 0%

7 p.m.—9:59 p.m. 32% 33%

>10:00 p.m. 2% 21%

Evening latency

>6 hours 0% 0%

2-6 hours 38% 0%

<2 hours 6% 53%

Midnight carvings

1 day/week or less | 28% 1%

2-3 days/week 16% 0%

>4 days/week 0% 54%

Largest meals

Breakfast 11% 0%

Lunch 34% 3%

Dinner 1% 53%
Table 3 continued.

Behavourial Morning Evening

indicator chronotype chronotype

Breakfast skipping

<Once a week | 45% 54%

2-3 times/week | 0% 0%

>3 times/week | 0% 0%
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Vegetables and fruits intake

400 g 6% 0%
300-399 g 36% 0%
200-299 g 3% 53%
<200 g 0% 0%
Sugar

<25 g/id 0% 0%
26-25 g/d 13% 12%
>50 g/d 33% 41%

Caffeinated beverages

1 cup 11% 0%
2 cups 35% 2%
3 cups 0% 33%
4 cups 0% 19%
Sweets

0 serving/day | 43% 2%
1 serving/day | 2% 51%
>2 servings/day| 0% 0%

Sleep was adversely influenced
by an extended eating window.
An substantial correlation was
found between glucose
homeostasis and the extended
evening delay. Those with
diabetes can better regulate their
blood sugar levels by eating
supper early and staying up later
at night. Moreover, sleep was
impacted by evening delay.
showed a substantial correlation
between sleep and evening
delay. Reduced sleep quality
corresponds with shorter
evening latency. Eating a larger
meal throughout the day
compared to at night was
significantly associated with
improved glucose regulation.

Participants' chronotypes: 47.1%
of men and 44.4% of women
were morning  chronotypes,
while 52.9% of men and 55.6%
of women were evening
chronotypes. Table 3 shows a
substantial correlation between
morningness and higher
vegetable servings, lower sugar
servings, and lower servings of
caffeinated  beverages  and
desserts. Early dining, shorter
eating windows, eating the
largest meal of the day, and less
nighttime cravings were all
significantly  correlated with
morninginess (Table 3).
Compared to breakfast, those

belonging to the evening
chronotype had nearly twice as
much fat and carbs at
dinner.Discussion

In this research, we tried to
understand that Chrono-nutrition
plays a vital role in
comprehending the impact of
food intake timing on the health
of individuals working night
shifts, especially in relation to the
onset of type 2 diabetes and
obesity. Those who work during
the night frequently encounter
distinct challenges as their eating
habits are often out of sync with
their inherent circadian rhythms,
resulting in a heightened risk of
developing  these  metabolic
conditions. chrono-nutrition is
crucial in managing health risks
such as type 2 diabetes and
obesity.

The Effects of Circadian Misalignment.

Individuals who work night
shifts often face circadian
misalignment because their work
schedules are contrary to the
natural light-dark cycle. This
misalignment can disturb the
hormonal equilibrium within the
body, especially affecting
insulin, which is crucial for
regulating blood sugar levels.
Consuming food during
nighttime, when the body's
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insulin sensitivity is typically

reduced, may  result in
compromised glucose
metabolism, a significant

contributor to the onset of type 2
diabetes.
The Importance of Meal Timing.

Nocturnal Eating and Its Impact on

Metabolic Health:

Eating at night, when the
metabolic rate of the body tends
to be diminished, may elevate the
likelihood of developing obesity
and type 2 diabetes. During
nighttime, the body's capacity to
metabolize carbohydrates
decreases, potentially leading to
elevated blood sugar levels and
increased insulin resistance.

The act of omitting breakfast:

Numerous individuals working
night shifts tend to forgo
breakfast or consume it at
atypical  hours, potentially
exacerbating disruptions in their
metabolic functions. Consuming
a well-balanced breakfast at an
appropriate circadian time can aid
in stabilizing blood sugar levels
and enhancing insulin sensitivity.
Chrono-Nutrient Strategies.

Coordinated Dietary Habits:
Promoting  dietary  practices
among night shift employees that
correspond with their unique
circadian rhythms may help
alleviate  certain  metabolic
disturbances.  This  approach
could involve consuming a
substantial meal prior to the
commencement of the night shift,
followed by a lighter meal or
snack  during the  shift,
prioritizing foods that are easily
digestible and low in glycaemic
index.

Macronutrient Composition:

Evening meals that are rich in
protein and low in carbohydrates
may be more effective in
regulating blood sugar levels
compared to those high in
carbohydrates, which can worsen
insulin resistance.

Light Exposure and Timing:

Regulating light exposure during
both nighttime and daytime rest
periods can play a crucial role in
the maintenance of circadian
rhythms, which in turn can
enhance metabolic health. While
exposure to bright light during
night shifts can diminish feelings
of sleepiness, it may also worsen
circadian misalignment if not
appropriately controlled.

Actionable Suggestions.

Scheduled Eating: Develop a
consistent eating schedule that

aligns as closely as possible with the
body's circadian rhythms.

Healthy Snacking: Opt for nutrient-
dense snacks that are low in sugar
and refined carbs during night shifts
to avoid spikes in blood sugar.

Mindful Eating: Encourage
mindfulness in eating, where
workers are conscious of what and
when they eat, rather than eating out
of convenience or boredom during
shifts.

Conclusion

Chrono-nutrition is crucial for
comprehending the increased
susceptibility to type 2 diabetes
and obesity in individuals
working night shifts. The
alteration of circadian rhythms
caused by inconsistent eating
habits at night can negatively
affect  glucose  metabolism,
diminish insulin sensitivity, and
contribute to  weight gain.
Adopting strategies that align
dietary practices with the body's
inherent rhythms, even for those
on night shifts, can help alleviate
these risks and enhance overall
metabolic health.
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