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ABSTRACT

The growing prevalence of shift work in industrial sectors has brought increased
attention to its physiological, psychological. and behavioral impacts. Among these,
chrono-nutrition—the study of how meal timing interacts with the circadian rhythm—
has emerged as a crucial aspect of health research. Traditional dietary gwidelines
emphasize the type and quantity of food consumed, but chrono-nutrition shifts focus
toward when meals are consumed, recognizing that alignment between cating patterns
and the body’s internal clock is essential for metabolic regulation. Disruption of these
rhythms, common among shift workers, can impair glucose metabolism, increase
adiposity, and raise the risk of chronic diseases. Despite global studies on this topic,
research on Indian industrial shift workers, particularly regarding their chrono-nutrition
profile, remains scarce. This study aimed to assess and compare the chrono-nutrition
profile of rotational and regular shift workers. Specific objectives included examining
differences in chronotype, dietary intake, meal timing behaviours, body composition,
physical activity, stress levels, and sleep quality. The study also explored associations
between chrono-nutrition and other lifestyle indicators such as screen time, sitting time,

and work environment.

A cross-sectional study was conducted among 200 male industrial workers in Vadodara,
Gujarat, comprising 100 rotational shift workers and 100 regular shift workers.
Participants were purposively selected based on their employment in shift-based roles
for at least one year. Ethical approval was obtained. and informed consent was secured
prior to data collection. A multi-dimensional assessment approach was employed using
validated tools and instruments. Chronotype was assessed using the Horne and Ostberg
Morningness-Eveningness Questionnaire and the MCTOQShift. Dietary intake was
recorded using a three-day 24-hour dietary recall (covering work and non-work days)
and analyzed using Nutrical software. Anthropometric and body composition
measurements, including BMI, body fat, visceral fat, and skeletal muscle, were
obtained using Omron Body Composition Monitor. Physical activity was evaluated
using the Global Physical Activity Questionnaire (GPAQ), stress using the Perceived
Stress Scale (PSS), and sleep quality via the Pittsburgh Sleep Quality Index (PSQI).

The chrono-nutrition profile was scored using a six-indicator behavior profiling tool



developed by Engwall, encompassing eating window, breakfast skipping, evening
latency, evening eating, night eating, and largest meal timing. Additional parameters

included screen time and sitting duration.

Rotational shift workers were predominantly younger, while regular shift workers
included more participants above 4() years. Rotational workers showed higher levels of
sedentary behavior and higher adiposity. Dictary analysis revealed that meal skipping,
late-night eating, and reliance on canteen-based food were more common among
rotational shift workers. Regular shift workers had greater access to home-prepared
meals and reported more structured cating habits. The chronotype analysis indicated a
dominance of morning-type individuals in both groups, though rotational shift workers
demonstrated greater chrono-disruption due to their irregular schedules. Sleep quality
was poorer in rotational shift workers, with 78% classified as having poor sleep
compared to 56% in regular shift workers. Stress levels were moderate across the
sample, but high stress was more prevalent in the regular shift group. Sleep debt and
social jetlag were highest among night shift workers, reflecting significant circadian
misalignment. Chrono-nutrition scores showed that rotational shift workers had a

higher prevalence of poor eating behaviors in terms of timing and regularity.

Statistical analysis showed significant associations between sleep quality, stress,
chronotype, and chrono-nutrition behavior. Among rotational shift workers, stress and
sleep quality were closely linked. Physical activity levels were higher in this group, vet
their sedentary time still placed them in medium risk categories. Among regular shift
workers, lower physical activity and higher screen time contributed to weight gain and
metabolic risk. Chrono-disruption was found to be influenced by shift type, age, sleep

duration on free days, and commuting time.

Significant associations were found between chronotype and dietary intake. Morning
chronotypes in both shift types showed healthier eating behaviours, but these were more
consistent in regular workers due to stable schedules. Similarly, chrono-nutrition
profiles showed strong correlations with nutritional status; better-aligned eating habits
were linked to healthier BMI, lower fat mass, and higher muscle mass, while misaligned
patterns led to obesity and metabolic risk. Physical activity also exhibited a strong

link—low activity was associated with misaligned eating behaviours, whereas



moderate to high activity correlated with structured and healthier chrono-nutritional

patterns,

The study concludes that both rotational and regular shift workers face distinet
challenges concerning circadian alignment, dietary patterns, sleep quality, and stress.
Rotational shift workers, despite being younger and more active, are at greater risk of
chrono-disruption due to meal irregulanities and poor sleep. Regular shift workers,
although benefiting from more consistent schedules, are more sedentary and experience
higher levels of stress and adiposity. These findings highlight the urgent need for
workplace health interventions that address shift-specific risks. Recommendations
include personalized shift scheduling based on chronotype, chrono-nutrition education,
improved food availability during night shifts, sleep hygiene awareness, and promotion
of physical activity. Overall, aligning work and meal schedules with the body’s natural
rhythms may significantly enhance health outcomes and productivity among industrial

shift workers.



INTRODUCTION

Background of the Study
1.1 Chrono-Nutrition and the Role of the Circadian Clock

Nutrition plays a critical role in human health. influencing metabolism.
energy balance, and disease prevention. Traditional dietary guidelines
primarily focus on what and how much we eat, but recent research
highlights the importance of when we eat in relation to our biological
rhythms (Almoosawi et al., 2019). Chrono-nutrition is an emerging field
that examines the relationship between meal iming, food composition,
and circadian rhythms, emphasizing that when food is consumed is just
as important as what is consumed (Regmi & Heilbronn, 2020). The
circadian rhythm is an internal biological clock that governs various
physiological processes. including digestion, hormone secretion, sleep-

wake cycles, and metabolism (Patke et al., 2020).

The master circadian clock, housed within the suprachiasmatic nucleus
(SCN) of the hypothalamus, plays a crucial role in regulating the body's
daily physiological rhythms. Acting as the central timekeeper, it
synchronizes various biological functions, including hormone secretion,
sleep-wake cycles, and metabolism. However, the SCN does not work
alone—it communicates with peripheral clocks present in key metabolic
organs such as the liver, pancreas, muscles, and gut. ensuring
coordinated metabolic processes throughout the body (Cermakian &

Boivin, 2020).

While light exposure is the primary zeitgeber (time cue) that resets the
SCN and aligns the central clock with the external environment, meal
timing serves as a dominant regulator of peripheral metabolic clocks
{Poggiogalle et al., 2018), Unlike the SCN, which is primarily influenced

by the light-dark cycle, metabolic clocks in the liver, pancreas, and gut



are highly responsive to food intake patterns. The timing of meals can
either reinforce circadian synchronization or cause misalignment,

leading to metabolic disturbances (Wehrens et al., 2017).

When food intake is musaligned with the body’s natural circadian
rhythm—such as consuming meals late at night, eating irregularly, or
skipping  breakfast—it  disrupts metabolic  homeostasis.  This
misalignment impairs msulin sensitivity, glucose regulation, lipid
metabolism, and energy balance, significantly increasing the risk of
obesity, type 2 diabetes, and cardiovascular diseases (Wehrens et al.,
2017). Studies suggest that eating during the body’s biological night.
when melatonin secretion is high and insulin function is reduced, can
promote fat storage, elevate blood sugar levels, and heighten
inflammation, contributing to long-term metabolic  disorders

(Poggiogalle et al., 2018).

Thus, meal timing is not just a dietary habit—it serves as a critical factor
in maintaining circadian alignment and metabolic health. Research
continues to explore how strategic meal scheduling, such as time-
restricted eating (TRE) or aligning meals with natural circadian phases,
can enhance metabolic efficiency and prevent chronic diseases

{Cermakian & Boivin, 2020).

1.2 Mechanism of Chrono-Nutrition and Its Link to Circadian

Disruption

Chrono-nutrition operates through several biological mechanisms that
regulate energy metabolism, appetite, and metabolic efficiency. The

primary mechanisms include:



a) Central and Peripheral Clocks in Metabolic Regulation

« The SCN acts as the master circadian clock, synchronizing peripheral

clocks in metabolic organs (Cermakian & Boivin, 2020).

= Peripheral clocks in the liver, pancreas, and gastrointestinal tract regulate

glucose homeostasis, insulin sensitivity, and fat metabolism (Wehrens et
al., 2017).

« Disruptions in meal timing—such as eating at nmight—Iead to glucose

intolerance, insulin resistance, and weight gain (Patke et al., 2020).
b) Hormonal Regulation and Nutrient Metabolism

o Insulin sensitivity is highest in the morming and decreases throughout the
day, making late-night eating more likely to cause higher blood sugar

levels and fat accumulation (Jakubowicz et al., 2013).

= Leptin (satiety hormone) and ghrelin (hunger hormone) follow a circadian
rhythm. Disrupting meal timing increases ghrelin secretion at night,

leading to overeating and weight gain (Garaulet et al., 2013).

+ Cortisol, the stress hormone. follows a diurnal pattern. Irregular eating
schedules lead to prolonged cortisol release, promoting fat accumulation

{James et al., 2017).
¢) Energy Expenditure and Nutrient Absorption

« Energy expenditure is highest in the morning, meaning calories consumed
earlier in the day are more efficiently metabolized than those eaten later
{Wehrens et al., 2017).

o Studies suggest that people who consume more calories at breakfast rather

than dinner experience better metabolic health (Jakubowicz et al., 2013).



1.3 Circadian Disruption and Its Consequences

Circadian disruption occurs when external factors such as shift work,
late-night eating, and artificial light exposure interfere with the body's
biological clock (Chellappa et al., 2021). This misalignment negatively
affects hormonal balance, metabolism, and sleep quality (Roenneberg et
al., 2019).

Some major consequences of circadian disruption include:

a) Sleep Disturbances — Disruptions in melatonin production result in poor
sleep quality, chronic fatigue, and increased cardiovascular risk
(Kecklund & Axelsson, 2016).

b) Increased Stress Levels — Chronic circadian misalignment raises
cortisol levels, increasing the risk of hypertension, anxiety, and

depression (James et al., 2017).

¢) Metabolic Disorders — Circadian misalignment disrupts glucose
metabolism and fat storage, increasing the nisk of obesity and diabetes

(Nagashima et al.. 2014).

d) Reduced Physical Activity — Fatigue due to poor sleep and circadian
misalignment results in low energy levels and a sedentary lifestyle,

promoting weight gain (Beggild & Knutsson, 1999),

1.4 Shift Work and Chrono-Disruption

Shift work refers to any work schedule that falls outside the conventional
9-to-5 framework, including evening, night, rotating, and split shifts. It
15 a key component of industries that require round-the-clock operations,
such as healthcare, manufacturing, emergency services, transportation,
and customer support (Costa, 2016). Over the vyears, shift work has
gained prominence due to globalization, technological advancements,

and the increasing demand for 24/7 services (Knutsson, 2003).



As businesses and economies evolve, the necessily for continuous
operations has made shift work an essential part of the modemn
workforce. While shift work helps maintain productivity and efficiency,
it also presents several challenges for workers, including health risks,
work-life balance concerns, and decreased job satisfaction. Research has
shown that irregular working hours can lead to sleep disturbances,
fatigue. and long-term health 1ssues such as cardiovascular diseases and

mental health disorders (Kecklund & Axelsson, 2016).
Consequences of chrono-disruption in shift workers include:

« Higher risk of obesily and metabolic syndrome due to late-night eating

and disrupted hunger signals (Jakubowicz et al., 2013),

« Increased prevalence of sleep disorders, as irregular work hours interfere

with melatonin secretion (Wehrens et al., 2017).
« Higher risk of cardiovascular diseases and certain cancers (IARC, 2010).
1.5 Shift Work as a Carcinogen (WHO Recognition)

The World Health Organization (WHO) and the International Agency for
Research on Cancer (IARC) classity shift work with circadian disruption
as a probable human carcinogen (Group 2A) (Hansen, 2017). Long-term

shift work has been associated with:

« Suppressed melatonin production, leading to impaired DNA repair and

immune function.

s Higher oxidative stress, increasing the risk of cancer development

(Chellappa et al., 2019).
1.6 Rationale for the Study

Shift work is becoming increasingly common in India, particularly in
healthcare, industrial, and service sectors. In cities like Vadodara,
Gujarat, many industries operate on rotational and night shift schedules

to meet the demands of a 24-hour workforce.



However, limited research has been conducted on the chrono-nutrition

patterns of industrial shift workers in India.

Past Research on Healthecare Professionals in India

Several studies in India have focused on healthcare professionals,
particularly doctors and nurses, and have reported that shift work is
associated with poor metabolic health, obesity, and chronic illnesses

(Kumar et al., 2021; Patel et al., 2020).

However. research on industrial shift workers in India remains scarce.

despite their unique work conditions and dietary habits.

Research Gaps and Study Justification

Most studies on Indian shifi workers focus on sleep disorders and

occupational stress rather than chrono-nutrition,

Existing global studies on shift work and chrono-nutrition may not
directly apply to India due to differences in diet, work conditions, and

lifestyle factors.

o There 1s little research on how shift schedules impact meal timing.

metabolic health, and dietary intake in India’s industrial sector,

The study aims to focus on the following objectives to fulfil the gap:

1.7 Ohjectives:-
Broad Objective:

e ‘To study the Chrono-nutrition profile of Rotational and Regular Shift

workers,



Specific Objectives:

To identify the chronotype and Chrono-nutrition profile of rotational and

regular shift workers.

To assess the work environment of regular and rotational shift workers

{regarding work hours, food availability and utilisation).

To study the body composition, physical activity level. dietary intake.

stress and sleep patterns of rotational and regular shift workers.

To study the association of the chronotype and chrono-nutrition profile of
shift workers (rotational shift worker and regular shift worker) with their
dictary intake, body composition, physical activity level, stress and sleep

pattern,



REVIEW OF LITERATURE
The present chapter includes a literature review under the following headings:
2.1 Circadian Rhythm and Circadian Clocks
2.2 Chrono-nutrition
2.3 Chrono-nutrition profile and Chronotype
2.4 Circadian Misalignment
2.5 Shift Work and Circadian Disruption
2.6 Concept of Social Jetlag and its intersection with Shift Work
2.7 Addressing Social Jetlag in Shift Workers Through Chrono-Nutrition
2.8 Association of Shift Work and Chrono-nutrition
2.9 Association of Shift Work and Chrono-nutrition and Overall Health
2.10 Association of Sleep and Chrono-nutrition in Shift Work
2.11 Association of Hormones and Chrono-nutrition in Shift Work
2.12 Association of Dietary Intake and Chrono-nutrition in Shift Work
2.13 Association of Body Composition and Chrono-nutrition in Shift Work
2.14 Association of Physical Activity and Chrono-nutrition in Shift Work
2.15 Association of Screen Time and Chrono-nutrition in Shift Work
2.16 Association of Mental Health and Chrono-nutrition in Shift Work
2.1 Circadian Rhythm and Cirecadian Clocks:

Circadian rhythms are endogenous near-24-hour oscillations in physiological processes
that regulate various aspects of human biology, including sleep-wake cycles,

metabolism, hormone secretion, and cellular proliferation (Han et al., 2021; Saced et

B



al., 2019). The suprachiasmatic nucleus (SCN) in the hypothalamus serves as the
primary circadian pacemaker, maintaining rhythmicity through a complex
transcription-translation feedback loop of core circadian clock genes (Saeed et al.,
2019; Samanta, 2021). At the molecular level, the core clock in human cells consists of
four main circadian proteins working in pairs: CLOCK-BMAL] and PER-CRY
heterodimers, which regulate each other's expression in a negative feedback

loop (Grikovi¢ & Korac, 2023).

Interestingly, while the SCN acts as the central pacemaker. peripheral tissues also
possess their circadian clocks that can be entrained by other stimuli, such as food intake,
and can potentially uncouple from the SCN pacemaker (Consens, 2023). This discovery
may provide new therapeutic options for circadian rhythm disorders. Additionally,
recent research has revealed that clock proteins play a crucial role in the subnuclear
reorganization of core clock genes, demonstrating how clocks function at the
subcellular level (Xiao et al., 2021).In conclusion, circadian rhythms are ubiguitous and
essential for maintaining normal physiological and behavioural processes. Disruption
of these rhythms can lead to various health issues, including metabolic syndromes,
cardiovascular problems, and cancer (Han et al., 2021:; Samanta & Ali, 2022; Samanta,
2021).

2.2 Chrono-nutrition:

Chrono-nutrition, the circadian timing of food intake, has emerged as a significant
factor in metabolic health and weight management. Research indicates that the timing
of meals can impact obesity, type 2 diabetes, and cardiovascular disease (Johnston et
al.. 2016; Verde et al., 2024). The Chrono-nutrition Profile — Questionnaire (CP-0Q) has
been developed to assess six key components of chrono-nutrition: breakfast skipping,
largest meal, evening eating, evening latency, night eating, and eating window ( Veronda
& Irish, 2022; Veronda et al., 2019). This tool has shown acceptable validity for use in
diverse community samples, with moderate to strong correlations to measures of dietary

intake and sleep (Veronda & Irish, 2022).

Interestingly, studies have revealed high inter-individual variability in chrono-nutrition

preferences and eating misalignment, detined as the discrepancy between preferred and



actual eating times (Veronda & Irish, 2020). This suggests that when individuals want
to eat may differ from when they eat, which could have implications for developing
personalized dietary interventions. Additionally, recent epidemiological studies have
found associations between longer eating durations (=12h) and later meal timings with
increased prevalence of abdominal obesity and elevated fasting glucose in
adults (Cunha et al., 2023).

In conclusion, chrono-nutrition is a promising area of research with potential
applications in improving metabolic health and weight management. While current
studies suggest that chrono-nutrition-based interventions could reduce cardiovascular
disease risk by improving weight control, hypertension, dyslipidacmia, and diabetes,
more long-term and consistent studies are needed to fully understand its effects (Katsi
et al., 2022). As the field evolves, tools like the CP-Q and CP-D (Chrono-nutrition
Profile — Diary) may contribute to the development of targeted health behaviour
interventions and research programs centred around chrono-nutrition (Veronda & Irish,

2022: Veronda et al., 2022).

2.3 Chrono-nutrition profile and Chronotype:

Chrono-nutrition, an emerging field in nutritional epidemiology, encompasses the
timing, frequency. and regularity of eating behaviours. Recent research has revealed
associations between chronotype (individual circadian preference) and dietary patterns,

with potential implications for cardiometabolic health (Almoosawi et al., 2018).

Studies have found that morning chronotypes tend to have better adherence to healthy
eating patterns like the Mediterranean diet compared to evening chronotypes (Naja et
al., 2022; Yalcin & Ozturk, 2023).Morning chronotypes also show a higher intake of
nutrients like potassium, fibre, and magnesium, particularly at breakfast and lunch,
while evening chronotypes tend to have higher energy and nutrient intake at
dinner (Nitta et al., 2023). Interestingly, evening chronotype has been linked to higher
educational attainment, sugeesting complex relationships between circadian rhythims

and life outcomes (Lane et al., 2016; Lane et al., 2016).

10



In conclusion, chronotype appears to influence dietary patterns and nutrient intake
timing, which may have implications for overall health. However, more research is
needed to fully understand the mterplay between chronotype, chrono-nutrition, and
health outcomes, especially in diverse populations (Chong et al., 2022). The COVID-
19 pandemic has also impacted circadian rhythms and eating patterns, highlighting the
need for further investigation in this evolving field (Saidi et al., 2024; Uyar & Yildiran,
2022).

2.4 Circadian misalignment:

Circadian misalignment occurs when there is a mismatch between an individual's
internal biological clock and their external environment or behaviours. This
misalignment can result from various factors, including shift work., jet lag, or irregular
sleep-wake patterns. Research has shown that circadian misalignment can have
significant negative impacts on health, particularly to metabolic and cardiovascular
functions (Baron & Reid, 2014; Shafer et al., 2023).

Studies have demonstrated that circadian misalignment can lead to impaired glucose
tolerance and increased risk of diabetes. For instance, nighttime eating during simulated
night work led to misalignment between central and peripheral circadian rhythms,
resulting in glucose intolerance. Interestingly, restricting meals to daytime hours
prevented this misalignment and its associated metabolic consequences (Chellappa et
al., 2021). Additionally, circadian misalignment has been linked to alterations in blood
pressure regulation. potentially increasing the risk of hypertension, especially in shift

workers (Shafer et al., 2023).

In conclusion, circadian misalignment is a significant factor contributing to various
health issues, including metabolic disorders, cardiovascular problems, and mental
health conditions. Understanding the mechanisms behind circadian misalignment and
its effects on the body can lead to the development of targeted interventions and

preventive strategies. These may include optimizing meal timing, light therapy, and

11



melatonin supplementation to mitigate the negative health consequences associated

with circadian disruption (Huang et al., 2021; Shafer et al., 2023).
2.5 Shift Work and Circadian Disruption:-
2.5.1 Shift Work: An Overview :

Shift work encompasses employment schedules that extend beyond traditional daytime
working hours, including evening, night, early morning, or rotating shifts (Kecklund &
Axelsson, 2016). This work structure is vital in sectors that require continuous
operations, such as healthcare, manufacturing, emergency services, aviation, and
transportation (Knutsson, 2003). Approximately 20% of the workforce in industrialized
countries is engaged in shift work, highlighting its significance in modern economies

(Boggild & Knutsson, 1999; Knauth, 2001).
2.5.2 Types of Shift Work:

» Fixed Shifts: Employees consistently work a specific shift (e.g., night or evening).
While this allows for some adaptation. long-term night shifts have been associated
with chronic circadian misalignment and increased risk of metabolic disorders
(Boivin & Boudreau, 2014). Studies indicate that individuals on fixed night shifis
report higher rates of chronic illnesses, such as cardiovascular diseases and

castrointestinal disorders (Knutsson, 2003; Sharma et al., 2018).

« Rotating Shifts: In this model, employees alternate between different shifts (e.g.,
morning to night). This disruption to the body’s internal clock is particularly
challenging. Studies show that individuals may take between 2 to 3 weeks to fully
adjust to a new schedule, leading to increased fatigue and decreased alertness during
shifts (Foster & Wulff, 2005). Research has noted that rotating shift workers have a
higher risk of developing sleep-related disorders compared to those on fixed shifts
(Bakker et al., 2014).

« On-Call Shifts: Workers remain available for unpredictable shifis with variable
start times, leading to increased physiological stress and irregular sleep patterns

(Garde et al., 2019). The unpredictability and constant availability required in on-

12



call jobs can contribute to a significant psychological burden, resulting in elevated

stress levels and a higher incidence of burnout (Demerouti et al., 2009).
2.5.3 Circadian Disruption: Desynchronization of Biological Clocks —

Shift work severely disrupts the synchronization between the internal biological clock
(regulated by the suprachiasmatic nucleus in the hypothalamus) and external time cues.
such as light-dark cycles (Foster & Kreitzman, 2014). This misalignment results in poor
sleep efficiency, metabolic disturbances, and impaired cognitive function (Wright et al..
2013). According to a systematic review, shift workers exhibit a 30% reduction in sleep

quality compared to their non-shift-working counterparts (Hirshkowitz et al., 2015).
2.5.3.1 Hormonal Impact:

« Melatonin Suppression: Exposure to artificial light during night shifis inhibits
melatonin secretion. which is crucial for regulating sleep-wake cycles, leading to
reduced sleep quality and increased oxidative stress (Chellappa et al., 2019). Studies
have shown that shift workers experience significantly lower melatonin levels,
contributing to sleep disorders and increased risk for chronic diseases (Arendt,
2010: Tsai et al., 2020).

« Cortisol Dysregulation: Cortisol levels, which typically follow a diurnal pattern
(high in the morning. low at night), may become dysregulated due to shili work.
This alteration has negative impacts on metabolism and immune function (Hansen,
2017). Elevated cortisol levels in shift workers are linked to increased risk of
metabolic syndrome, hypertension, and cardiovascular diseases (Knutsson et al.,
2014).

» Insulin and Ghrelin Changes: Irregular meal timing and nighttime eating disrupt
insulin sensitivity, increasing the risk of obesity and type 2 diabetes (Qian & Scheer,
2016). A meta-analysis demonstrated that shift workers have a 40% increased risk
of developing insulin resistance compared to daytime workers, especially among

those who engage in night shifts (Pan et al., 2011; Zimmet et al., 2016).

13



2.6 Concept of Social Jetlag and its intersection with Shift Work in Chrono-

nutrition:

Social jetlag (SJL) is characterized by the misalignment between an individual's
biological clock and their socially imposed schedules (e.g., work, school), often
quantified by the difference in sleep midpoint between workdays and free days
(Wittmann et al., 2006). Studies indicate that over 80% of adults experience some
degree of social jetlag, with shift workers disproportionately affected (Roenneberg et
al., 2012). In the studying/working population of industrialized countries, SIL is a
highly prevalent phenomenon that many people experience for the whole study/work
career [6.17.49]. It has been estimated that 70% of students and workers experience at
least one hour of SJL, while almost half of them experience two hours or more. The
high prevalence of SJL underscores the need for effective strategies to mitigate its
effects on health, as chronic SIL has been linked to obesity, mood disorders, and

cardiovascular issues (Roenneberg et al., 2019).
2.6.1 Mechanism: Sleep Timing Mismatch:

SJL resembles traditional jetlag, where the body's internal clock is forcibly shifted due
to external obligations. However, unlike jetlag caused by time zone travel, social jetlag
often arises from the constant shifts between natural sleep schedules (on free days) and
enforced sleep schedules (on workdays)(Korman et al., 2020). Chronic social jetlag
contributes to sleep deprivation, with studies showing that individuals with SJL report
an average of 1.5 hours less sleep on workdays compared to their self-identified sleep

duration {Levandovski et al., 2011).
2.6.2. Impact on Circadian Rhythms:

2.6.2.1. Inconsistent Sleep Duration: SJL leads to fragmented, shorter sleep on
workdays and extended sleep durations on free days. negatively affecting cognitive
performance and metabolic health (Levandovski et al, 2011). Individuals with
significant SJL show poorer cognitive flexibility and decision-making abilities
(Killgore, 2010). The effects of SIL on sleep quality have also been investigated in
shift workers. Due to their working schedule, all shift workers have to periodically re-
adjust their wake-up and bedtimes to be able to attend morning, evening or night shifts.

As these shifts are usually assigned regardless of the individual’s chronotype, it is no

14



surprise that shifl workers can experience up to three hours of SIL. Previous studies
revealed that shift workers that experience SIL are also characterized by short sleep

duration and low sleep quality (Juda, Vetter, & Roenneberg, 2013;Vetter et al., 2015).

2.6.2.2. Delayed Sleep Phase: A common manifestation of ISL is delayed sleep onset,
where many shift workers find it challenging to fall asleep promptly before an early
shift, compounding chronic sleep deprivation (Vetter et al., 2018). This delay can
exacerbate fatigue and hinder alertness during shifts, significantly impacting
performance and safety. In case of poor quality, sleep might exert a lower restorative
capacity that could explain why people who experience SJL tend to be less alert, more
fatigued, less prompt 1o wake up in the morning, and perform worse in academia or the
workplace than those who do not experience SJL Haraszti et al., 2014; Farkova et al.,
2021).

2.6.3. Intersection of Shift Work and Social Jetlag:
2.6.3.1. Exacerbation of Circadian Misalignment
Rotating and Night Shift Workers Experience Severe Social Jetlag:

Research shows that night shift workers average around 3 hours of social jetlag, which
contributes to metabolic and psychological health complications (Wittmann et al.,
2017). The constant adaptation required for rotating shifts prevents significant
biological acclimatization to a given schedule, resulting in increased fatigue and

decreased cognitive functioning (Foster & Wulft, 2005).
2.6.3.2. Health Implications:

2.6.3.2.1. Metabolic Dysfunction —

« Increased Metabolic Syndrome Risk: Shift work, defined as work occurring
outside typical daytime working hours, 1s associated with an increased nsk for
metabolic syndrome (MetS) due to several biological and environmental changes.
The MetS refers to the clustering of several known cardiovascular risk factors,
including insulin resistance, obesity, dyslipidaemia, and hypertension. Shift
workers exhibited more than a twofold increase in the chance of developing MetS

in comparison with day workers (Sooriyaarachchi et al., 2022).
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Increased Cardiometabolic Risk: It was found that evening chronotype was
related to higher triglveerides and lower HDL cholesterol, greater social jetlag
associated positively with triglycerides, fasting insulin, insulin resistance, waist
circumference, and BMI, and negatively with HDL-cholesterol. Sleep is an
important modulator of hormonal secretion, glucose regulation, and cardiovascular
function, and there is a negative relationship between sleep duration and degree of

metabolic syndrome (Iftikhar et al., 2015; Syauqy et al., 2019).

Increased Risk of Obesity: A comprehensive meta-analysis found that shift
workers are 29% more likely to develop obesity than non-shilt workers. attributed
to irregular eating patterns and impaired energy expenditure (Gan et al., 2015). In
the cross-sectional study among the components of the metabolic syndrome, an
elevated risk of visceral obesity was found in men permanent night workers (Bayon
et al., 2022). This finding is consistent with a recent meta-analysis, which found
that shift workers had a higher frequency of abdominal obesity than other obesity
types and permanent night workers demonstrated a 29% higher risk of central

obesity than rotating shift workers (Sun et al., 2018).

Type 2 Diabetes Risk: Research indicates that night shift workers have a 40%
higher risk of developing type 2 diabetes compared to their day-working
counterparts due to insulin resistance and altered glucose metabolism (Pan et al.,
2011; Wang et al., 2016).The strongest evidence linking circadian disruption and
type 2 diabetes derives from epidemiological studies which show that shift workers
are at increased risk of developing this condition (Panet al, 2011; Kroenke et al.,
2006).In a sample of 2860 industry workers followed for 8 years, Morikawa et al.,
(2005) found the incidence of diabetes to be 4.41 per 1000 people/year. The relative
risk of diabetes was higher in subjects who worked consecutive night shifts than in
those with administrative positions (relative risk: 2.01 after adjusting for all
potential confounding factors). The study suggested that shift work is a risk factor
for the development of diabetes. A study performed by Pan et al.,(2011) compared
the association between rotating vs, fixed shifts and type 2 diabetes in 177,000
nurses aged 25-67 years. The risk of type 2 diabetes in participants exposed to

rotating shift work for 1-2 years was 5 %. This value increased to 20 % after 3-9
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years of rotating shift work, 40 % after 10-19 years, and almost 60 % after 20 years

of rotating shifts.

2.6.3.2.2. Mental Health Consequences —

Chronotype and its relevance to Mental Health: Eveningness appears to be a risk
factor for depressive symptoms and the onset of a depressive disorder among young
people. The relationship between Eveningness and depression and its symptoms
was confirmed by recent research, which confirmed these links and demonstrated a
difference in chronotype between depressed and non-depressed individuals. They
found that an individual’s chronotype is related to their depressive sympiomatology.
Eveningness being significantly associated with more severe symptoms. Mood
depressive disorders appeared to be more evening-oriented than other depressive
disorders.(Kiveld, L et. al., 2018).: Evening chronotype and SJL were associated
with obesity and unfavourable metabolic parameters of glucose and lipid

metabolism (Zhang et al., 2022).

Higher Stress and Anxiety: Shift workers suffering from social jetlag report
elevated cortisol levels and increased perceptions of stress, resulting in
susceptibility to mood disorders (Knutson et al., 2014). The chronic stress
associated with irregular sleep and wakefulness can lead to anxiety, depression, and

burnout (Demerouti et al., 2009).

Cognitive Decline: Disruptions in sleep patterns and internal clock misalignment
contribute to reduced cognitive flexibility, diminished decision-making abilities,
and memory deficits, impacting occupational performance and personal life
(Killgore, 2010).

2.6.3.2.3. Sleep Disorders-

Higher Rates of Insomnia: Chronic exposure to shift work is associated with
significantly higher incidences of insomnia and excessive daytime sleepiness
(Akerstedt et al., 2009). Consequently, shift workers may experience difficulties in
staving alert, underscoring the critical importance of optimizing sleep hygiene and
management strategies.
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2.7. Addressing Social Jetlag in Shift Workers Through Chrono-Nutrition:-

2.7.1. Strategies to Minimize Social Jetlag:-

Consistent Meal Timing: Establishing regular meal schedules 1s associated with
reinforcing circadian alignment, promoting metabolic health (Leone et al., 2020).
Eating meals simultancously each day, particularly when aligned with natural

daylight cycles, can help reduce metabolic disruptions related to shift work.

Bright Light Exposure: Controlled exposure to bright light can assist shift workers
in realigning their circadian rhythms and improving sleep efficiency. Research
indicates that light therapy can enhance alertness and mood among shift workers,

promoting better productivity (Dashti et al., 2021).

2.7.2, Chrono-Nutrition Approaches:

Time-Restricted Eating (TRE)

Restricting food intake to a specific time window (e.g., 8-10 hour periods) has been
shown to:

Improve glucose metabolism and insulin sensitivity, protecting against type 2
diabetes (Sutton et al., 2018). Assist in preventing weight gain and metabolic
dysfunction among shift workers, leading to notable health improvements (Gabel
et al., 2019).

Balanced Meals with Low-Glycaemic-Index Foods:

Incorporating low glycaemic index (GI) foods helps stabilize blood glucose levels
and mitigate metabolic fluctuations associated with shift work (Patterson & Sears,
2020). Recent studies support the correlation between low Gl diets and improved
cardiometabolic health among shift workers (Richard et al., 2023).

Healthy Snacking Options:

Protein-rich and fiber-dense snacks (e.g.. nuts, Greek yogurt) help maintain satiety
and support energy levels, thereby diminishing the likelihood of unhealthy eating
patterns during shifts (Morris et al., 2022). Studies have suggested that healthy
snacking 1s associated with reduced cravings for high-calorie foods among shift

workers (Wang et al., 2022).
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2.8. Association of Shift Work and Chrono-nutrition:

Shitt work has been associated with various dietary patterns and nutritional behaviors
that can impact chrono-nutrition. Studies have shown that shift workers, particularly
those working night shifts, tend to have irregular eating patterns and altered meal timing

compared to day workers (Assis et al., 2003; Nagashima et al., 2014; Torre et al., 2020).

Shift workers often consume more meals at night, skip breakfast more frequently, and
have a higher intake of snacks and caffeinated beverages (Nagashima et al., 2014,
Peplonska et al., 2019). They also tend to have lower consumption of fruits and
vegetables, and higher intake of saturated fats, especially among older female shift
workers (Hemid et al., 2015). The timing of food intake is significantly aflected by shift
schedules, with split night shifts and recovery days after night shifts showing the most

impact on energy distribution and food quality (Torre et al., 2020).

Interestingly, while shift work affects meal tming and food choices, some studies found
no significant difference in total daily energy intake between different shifts (Assis et
al., 2003; Torre et al., 2020). However, the circadian distribution of nutrient intake
varied considerably. These findings highlight the importance of considering not just
what shift workers eat, but when they eat, aligning with the principles of chrono-
nutrition. The disruption of circadian rhythms and altered eating patterns associated
with shift work may contribute to the increased risk of chronic diseases observed in this
population (Pot, 2017; Takahashi & Tahara, 2022). Therefore, incorporating chrono-
nutrition principles into dietary recommendations for shift workers could be a valuable
strategy for improving their overall health and mitigating the negative impacts of their

work schedules.
2.9, Association of Shift Work and Chrono-Nutrition with Overall Health:-

Shift work, particularly night and rotational shifts, significantly impacts chrono-
nutrition and overall health. Studies have shown that these work schedules disrupt
circadian rhythms, leading to various metabolic and health 1ssues. Rotational shift work
has been associated with impaired glucose metabolism. A study found that during night
shifts, postprandial glycemic excursion was higher, and beta cell responsivity to glucose
was decreased compared to day shifts (Sharma et al., 2017). This disruption in glucose

metabolism may contribute to an increased risk of obesity and type 2 diabetes among
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shift workers. Additionally, shift work affects dietary habits, meal timing, and
frequency, which can further exacerbate metabolic disorders such as hypertension,
dyslipidemia, and abdominal obesity (Azmi et al., 2020). Interestingly, the impact of
shift work on health may persist even after cessation. A large-scale study of nurses
found that a longer duration of rotating night shift work was associated with a higher
risk of coronary heart disease (CHD), with the risk decreasing after quitting shift
work (Vetter et al., 2016). Stimilarly, another study linked rotating night shift work to
an increased risk of ischemic stroke, particularly for those with 15 or more years of

such work (Brown et al., 2009).
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Fig. 2.1 Schematic diagram of the effect of circadian rhythm disruption on different

body systems (Source: Mohd Azmi et al., 2020)

This figure illustrates the consequences of circadian rhythm misalignment in shift

workers and its impact on various physiological systems:

« Cardiovascular System: Misalignment leads to increased inflammatory
markers, high blood pressure, adiposity. and elevated lipid levels, contributing

to cardiovascular disease.

« Neurological and Mental Health: Disturbances in melatonin synthesis, work-
related stress, and disrupted sleep-wake cycles can result in neurological
disorders and mental health issues.
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» Metabolism and Digestion: Altered hormone regulation, disrupted meal timing,
and poor dietary habits impair glucose and lipid metabolism, increasing risk of

metabolic syndrome and gastrointestinal disorders,

In conclusion, night and rotational shift work significantly aftfect chrononutrition and
health by disrupting circadian rhythms, altering glucose metabolism, and increasing the
risk of various chronic discases. These effects can persist even after shift work
cessation, highlighting the importance of developing strategies to mitigate the negative

impacts on workers' health and well-being,
2.10. Association of Sleep and Chrono-nutrition in Shift work:-

Shift work disrupts circadian rhythms and has significant impacts on sleep patterns and
dietary habits, which can lead to various health issues. Studies have shown that shift
workers, particularly those working night shifts, experience poor sleep quality and are
more likely to have evening chronotypes (Ulusoy et al., 2021). This disruption in sleep
patterns is associated with increased depressive symptoms, with part of this relationship
mediated by short sleep duration during both weekdays and weekends (Frazier, 2023).
Chrono-nutrition, which examines the relationship between meal timing and health,

plays a crucial role in understanding the effects of shift work on health outcomes.

Shill workers tend to have higher daily energy intake and lower total daily energy
expenditure (Ulusoy et al., 2021). On night shifts, there is a decrease in the consumption
of fiber-rich foods and an increase in fats, sweets, and cereals. Additionally, shift work
is associated with irregular eating patterns, including breakfast skipping and late-night
eating, which are independent risk factors for diabetes and cardiovascular
diseases (Takahashi & Tahara, 2022).

Sleep, chrono-nutrition, and shift work interplay is complex and multifaceted.
Circadian disruption caused by shift work can lead to increased cardiometabolic risk,
mediated by attenuated melatonin and cortisol production (Golding et al., 2022).
Furthermore, poor sleep quality in shift workers is strongly associated with reduced
cognitive performance (Vijavkumar et al., 2017). To mitigate these negative health

consequences, it is crucial to consider chrono-nutrition principles, such as encouraging
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adequate water intake and healthy food choices during night shifts (Ulusoy et al., 2021),
and to explore the potential of time-restricted feeding and personalized chrono-nutrition
approaches (Takahashi & Tahara, 2022) for improving the health and well-being of

shift workers.
2.11. Association of Hormones and Chrono-nutrition in Shift work:-

Night shift work is associated with significant disruptions in hormonal patterns and
circadian rhythms, which can have profound effects on metabolism and nutrition:
Shift workers exhibit altered secretion patterns of key hormones involved in appetite
regulation and metabolism. Night workers show a blunted post-meal suppression of
chrelin and a blunied rise in xenin compared to day workers, which may contribute to
increased appetite and energy intake (Schiavo-Cardozo et al., 2013). Additionally, night
shift work is associated with changes in the timing and total production of melatonin
and sex hormones like androgens and progestogens (Harding et al, 2021).
Interestingly, the effects of shift work on hormonal patterns appear to be modulated by
chronotype. Among day shift workers, morning chronotypes had melatonin rhythms
with greater mean levels, larger peaks, and earlier peak onset compared to evening
chronotypes. However, this pattern was reversed among rotating shift workers on night
shifts, suggesting a complex interaction between shift work and individual circadian

preferences (Razavi et al., 2019).

The hormonal disruptions associated with shift work have significant implications for
metabolic health. Night shift workers show higher proportions of metabolic syndrome,
insulin resistance, and unfavorable changes in adipokine levels compared to day
workers (Ravibabu et al., 2021). These metabolic disturbances are likely mediated by
alterations in melatonin secretion, which can impact DNA methylation in circadian

genes (Ritonja et al., 2021; Ritonja et al., 2022). Overall, the evidence suggests that
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shift work, particularly night shifts, profoundly aftects hormonal balance and chrono-

nutrition, potentially contributing to adverse health outcomes in this population.
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Fig. 2.2 Schematic diagram showing the effect of different hormones based on

circadian rhythm (Source: Bass & Takahashi, 2010)

Figure 2.2 illustrates the circadian regulation of key metabolic hormones and how their

levels vary between day and night:

o During the daytime, hormones like cortisol, adiponectin, insulin, and

sympathetic tone increase, supporting alertness and metabolic activity.

« At night, there's a rise in melatonin, growth hormone, glucagon, and leptin,

promoting rest, recovery, and energy regulation.

The central message is that shift work disrupts these natural hormonal rhythms, leading

to metabolic imbalances and an increased risk of metabolic disorders.
2.12. Association of Dietary Intake with Chrono-nutrition in Shift work:

Shift work has been associated with changes in dietary intake quality and quantity, as
well as disruptions to chrono-nutrition patterns. Studies have found that shift workers,
particularly those working night shifts, tend to have poorer diet quality compared to
day workers (Bonnell et al., 2017; Nakamura et al., 2018). Shift workers were found to
have higher total energy intake but lower intakes of important nutrients like dietary

fiber, vitamins, and minerals (Nakamura et al., 2018). They also reported consuming
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more discretionary foods and having limited availability of healthy food choices during

night shifts (Bonnell et al., 2017).

Interestingly, while overall 24-hour energy intake may not differ significantly between
day and might shifts, the energy density of the diet tends to be higher during night shifts
(Bonnell et al., 2017). This suggests shift workers may be consuming more energy-
dense foods at night.Additionally, shift work disrupts normal meal timing and
regularity. Night shift workers were more likely to eat dinner at irregular times, skip
breakfast, and have meals during nighttime hours (Nakamura et al., 2018; Yoshizaki et
al.. 2023). These irregular eating patterns can negatively impact chrono-nutrition and

circadian rhythms.

In conclusion, shift work. especially night shifts, appears to adversely affect both the
guality and timing of dietary intake. Shift workers tend to have less healthy diets higher
in energy-dense foods, with irregular meal patterns that conflict with normal circadian
rhythms. More research is needed to fully elucidate the relationships between shift
work, chrono-nutrition, and long-term health outcomes. Targeted interventions to
improve shift workers' diet quality and meal timing may be warranted to mitigate

potential negative health effects.
2.13. Association of Body Composition and Chrono-nutrition in Shift work :

Chrono-nutrition, which examines the relationship between meal timing and health
outcomes, has significant implications for shift workers. Research indicates that shift
work can disrupt circadian rhythms and eating patterns, potentially leading to adverse
health effects (Pot, 2017). Studies on shift workers, particularly in healthcare settings,
have revealed notable differences in dietary habits compared to day workers. Shift
workers tend to have irregular eating patterns, delayed meal timing, and lower diet
quality (Farias et al.. 2020). They also show a higher propensity for consuming caffeine,
snacks, and eating at night, while having lower fruit and vegetable intake (Peplonska et
al., 2019). These altered eating behaviors may contribute to metabolic disturbances and

weight gain over time.

Interestingly, the impact of shift work on body composition appears to manifest

gradually. A study on graduate paramedics found significant increases in weight, BMI,
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and waist circumlference after two years of shift work, despite no initial changes in daily
energy intake or diet quality scores (Clark et al., 2023). This suggests that the long-term
effects of shift work on body composition may be cumulative and not immediately
apparent.

In conclusion, the association between chrono-nutrition and body composition in shift
workers is complex and multifaceted. While immediate changes in dietary patterns are
observed, alterations in body composition may take longer to manifest. These findings
highlight the importance of developing targeted interventions to support healthy eating

habits and weight management among shift workers (Clark et al., 2023; Pot, 2017).
2.14. Association of Physical Activity and Chrono-nutrition in Shift work:-

Physical activity and chrono-nutrition patterns among shift workers show significant
variations compared to day workers, with potential implications for their health and
well-being. Shift workers, particularly those on nmight shifis, tend to have lower physical
activity levels and altered eating patterns. Night shift workers were found to have fewer
steps, more sedentary time, and less moderate activity during their shifts compared to
day workers (Mansouri et al., 2021). Similarly, rotating shift workers showed less

overall activity than day and night shift workers (Chen et al., 2020),

Interestingly, chrono-nutrition patterns among  shift  workers reveal several
contradictions. While some studies reported lower total energy intake among shift
workers (Farias et al., 2020; Ohtsuka, 2001), others found higher calorie consumption,
especially during night shifts (Chen et al., 2020; Mansouri et al., 2021), Shift workers
also exhibited irregular eating patterns, delaved meal timing, and decreased diet
quality (Farias et al., 2020; Yoshizaki et al., 2023). Night shift workers, in particular,
showed a shorter maximum fasting interval, more eating moments, and a higher
percentage of fat intake during their shifts (Langenberg et al, 2018).
In conclusion, the association between physical activity and chrono-nutrition in shitt
work 15 complex and multifaceted. The disruption of circadian rhythms due to shift
work appears to impact both physical activity levels and eating patterns. These
alterations may contribute to the increased risk of obesity, metabolic disorders, and
other health issues observed in shift workers. Future interventions should consider both
physical activity promotion and chrono-nutrition strategies tailored to the unique

challenges faced by shift workers.
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2.15. Association of Screen time and Chrono-nutrition in Shift work:-

Chrono-nutrition, which examines the relationship between meal timing and health
outcomes, is particularly relevant for shift workers who often experience disruptions to
their circadian rhythms (Takahashi & Tahara, 2022). Shift work, especially nmight shifis,
can lead to alterations in biological clocks, affecting psychosocial well-being and
circadian nutritional intake (Azmi et al., 2020)). This disruption is associated with an
increased risk of metabolic disorders and oxidative stress (Gowda et al.,, 2019).
While the provided papers do not directly address screen time in relation to chrono-
nutrition for shift workers, they offer insights into related aspects. For
instance, Langenberg et al.(2018) highlights the importance of daylight exposure

patterns for night-shift workers, which could be relevant when considering screen time.

Additionally, Kervezee et al. (2021) discusses how chronotype (individual preference
for sleep-wake timing) interacts with shift type to affect sleep duration, which could
have implications for screen time habits.In conclusion, while the direct association
between screen time and chrono-nutrition in shift work is not explicitly addressed in
the given context, the research emphasizes the importance of timing in nutrition and
light exposure for shift workers' health. Future studies could explore how screen time,
as a source of light exposure and a potential influence on eating patterns, might interact

with chrono-nutrition principles in the context of shift work.
2.16. Association of Mental Health and Chrono-nutrition in Shift work:-

Chrono-nutrition, which focuses on the timing of eating, has been increasingly
recognized as an important factor in the health outcomes of shift workers. Research
suggests that irregular meal patterns and disrupted circadian rhythms associated with
shift work can have negative impacts on mental health (Pot, 2017; Zhao et al., 2019).
Studies have found that shift workers, particularly those working night shifts, are at
higher risk for mental health issues like depression and minor psychiatric disorders

compared to day workers (Arruda et al., 2014).

The intention to leave night shift work was also associated with a greater chance of
minor psychiatric disorders, indicating that those less tolerant to night work may be

more susceptible to mental health effects (Arruda et al., 2014).
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Interestingly, the duration of exposure to night work was not significantly associated
with mental health symptoms in one study, suggesting that individual tolerance may
play a larger role than cumulative exposure (Arruda et al., 2014). However, shift work
was associated with sleep deprivation and changes in dietary patterns, including
increased calorie intake and higher-fat and carbohydrate diets (Chen et al.,
2020; Lowden et al., 2010). These factors could potentially mediate the relationship
between shift work. chrono-nutrition, and mental health outcomes.
In conclusion, while the direct association between chrono-nutrition and mental health
in shift workers requires further research, the evidence suggests that disrupted eating
patterns and circadian rhythms associated with shift work may contribute to poor
mental health outcomes. Implementing chrono-nutrition strategies and providing
consistent dietary guidance for shift workers could potentially help mitigate these

negative effects (D annibale et al., 2021).
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METHODS AND MATERIALS

The present investigation was undertaken “To Study the Chrono-nutrition profile of
Rotational shift workers and regular shift workers.” This chapter outlines the study

design, methodology, and materials used to fulfil the research objectives.
Objectives:-
Broad Objective:

¢ To study the Chrono-nutrition profile of Rotational and Regular Shift workers.

Specific Objectives:

To identify the chronotype and Chrono-nutrition profile of rotational and regular

shifit workers.

o To assess the work environment ol regular and rotational shift workers

(regarding work hours, food availability and utilisation).

s To study the body composition, physical activity level, dietary intake, stress and

sleep patterns of rotational and regular shift workers.

s To study the association of the chronotype and chrono-nutrition profile of shift
workers (rotational shift worker and regular shift worker) with their dietary

intake, body composition, physical activity level, stress, and sleep paitern.

Sample Size: 200 subjects were enrolled in the study, with 100 participants from

rotational shifts and 100 from regular shifis.
Sample Size Calculation:-

Sample Size Determination: The sample size was estimated to ensure adequate
statistical power to detect meaningful differences between the two groups. Two
different sample size formulas were used since the study involves continuous and

categorical variables.
1. Sample Size Calculation for Continuous Variables (e.g., BMI, sleep scores)

For comparing two independent means (e.g., BMI between rotational and regular shift
workers), the required sample size per group was calculated using the following

formula:
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n=(Zaw+Zp) %20
ﬁ!

Where:
» n = Required sample size per group
s 72 =196 (for 95% confidence level)
o 7 [=0.84 (for 80% power)
= = Standard deviation (assumed 3 kg/m® for BMI)

» A= Expected difference between groups (assumed 1.5 kg/m?)

Calculation:
n=(1.96+ 0.84) x2x 32"
1.5°
i =M
2,25
n=784x18 = 141.12=62.7
2.25 225

After rounding up and adjusting for 10% dropout. the linal sample size per group:
n=70 per group =Total = 140 participants

2. Sample Size Calculation for Categorical Variables (e.g., Chronotype
Distribution)
For comparing proportions (e.g., percentage of morning-type workers in each
group), the required sample size was calculated using the formula:
n=( Z w2V 2P(1-P) + Z g VPy(1-P1)+ Po(1-P2))?

(P1 — P2)?

Where:

» P = Proportion of morning-type individuals in regular shift workers (assumed
50%)

« P2 = Proportion of morning-type individuals in rotational shift workers
{assumed 35%)

e P =Pooled proportion = P1+Pz2/ 2 = 0.50+0.35 / 2= 0.425
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Calculation:
n={1.96x~ 200.425%0.575) + 0.84 = M"{G.SD}{D.SDH {ﬂ..’aS}{ﬂ.fiS}]3
(0.50 — 0.35)

n= ( 1.96 x v 0.488) + (0.84 x V 0.5+ 0.2275)*

0.15°
n= ( 1.96 x 0.6986) + (0.84 x 0.8365)"
0.0225
n= (1.37) + (0.70)°
0.0225

n= (207 = 428 = 190.2

0.0225 0.0225

After rounding up and adjusting for 10% dropout, the final sample size per group:

n=187 per group = Total = 374 participants

Final Sample Size Decision
s The continuous variable calculation suggested 140 participants (70 per group).
= The categorical vanable calculation suggested 374 participants ( 187 per group).
« To balance feasibility and statistical power, the study opted for a total sample

size of 200 participants ( 100 per group).

Sampling Technique: The sample size was selected through purposive sampling,
which involves purposively selecting any esteemed organisation with employees with

rotational and regular shift schedules and who have been granted permission.

Study Design: This study is a cross-sectional study based in Urban Vadodara.

INCLUSION AND EXCLUSION CRITERIA:
Inclusion criteria-
« Rotational and regular shift workers doing rotational shifts and fixed shifts

respectively for a minimum of 1 year.
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e Participants who give written consent,

Exclusion criteria —

s Participants with major health concerns or medications that could significantly

affect mental health, sleep, diet, and physical activity.
Ethical Approval:

The study was approved by the Institutional Ethical Committee for Human Research
(IECHR) of the Faculty of Family and Community Sciences, The Maharaja Sayajirao
University  of Baroda. The ethical approval number of the study is

IECHR/FCSc/M.Sc./10/2024/47.

Methodology:-

Written informed consent was obtained from the subjects before enrolling them in the
study. The following data was collected through a combination ol questionnaires,

interviews, and physical measurements, focusing on the following parameters:

1. Sociodemographic Profile: Information regarding working hours, food availability,
and utilization at the workplace was gathered using a structured questionnaire and

interviews.

2. Nutritional Status:

Anthropometric measurements include:

Height: The height was measured using a Stadiometer.

Weight, BMI (Body Mass Index) and Body Composition: These were measured
using Omron Fully Body Sensor Body Composition Monitor and Scale Model HBF-
375.

According to the NHLBI, BMI is calculated as weight in kilograms divided by the
square of the height in meters(kg/m?®) and has been categorised into 4 groups according

to the Asian-Pacific classification. BMI = Weight (kg) / Height (m?)
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Table 3.1: BMI Asia-Pacific Classification:

Category Asia-Pacific BMI Cut-offs
Underweight = 18.5

MNormal 18.5-22.9

Overweight 23-24.9

Obese =25

The body compaosition which includes body fat, visceral fat and skeletal muscle was
measured using the Omron Full Body Sensor Body Composition Monitor and
Scale(Model HBF 375) that estimates the body fat percentage by the Bioelectrical
Impedance method having a weak electrical current of 50kHz and less than 500Ma.
Body tissues having higher water content including muscles, blood, and bones conduct
electricity easily. Body fat does not store much water and, therefore has little electric
conductivity and higher resistance which slows the rate of travel of current and

therefore helps to estimate the fat, visceral fat, and muscle content of the body.

Body Fat: Body fat serves a vital role in storing energy and protecting internal organs.
We carry two types of fat in our bodies: 1) essential fat which is stored in small amounts
to protect the body and 2) stored fat which is stocked for energy during physical activity.
While too much body fat may be unhealthy, having too little fat can be just as unhealthy.

Body fat was classified according to the cut-ofls provided by Omron Healthcare.

Table 3.2: Body Fat Percentage Classification:

Classification Male Female
Lowi-) 5.0-99% 5.0-19.9%
Mormal{() 10,0 — 19 9%, 20.0-29.9%,
High(+) 2000 - 24.9% 30,0 — 34 9%
Very High (++) =25.0% =35.0%

Source: (Omron Healthcare)
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Visceral Fat: Visceral fat is found in the abdomen and surrounding vital organs. It is
different from the subcutaneous fat. Too much visceral fat is thought to be closely linked
to increased levels of fat in the bloodstream, which may lead to conditions such as high

cholesterol, heart disease and type 2 diabetes.

Table 3.3; Classification of Visceral Fat:

Category Cut-off
Normal =5
High 10-14
Very High =15

Source: (Omron Health care)

Skeletal Muscle: Skeletal muscles is attached to the skeleton and come in pairs -muscle
to move the bone in one direction and another to move it back the other way. Increasing
skeletal muscle will increase your body’s energy requirements. The maintenance and

increase of skeletal muscle are closely linked to the resting metabolism rate.

Table 3.4; Classification of Skeletal Muscle:

Gender Age Low(-) % Normal (0) % | High (+) % Very High (++) % |
Female 18-39 <24.3 24.3-30.3 30.4-353 =354

40-59 <24.1 24.1 - 30.1 30.2 -35.1 =352

60-80 <23.9 23.9-29.9 30.0-349 =350
Male 18-39 =333 33.3-393 394440 =44.1

40-59 <33.1 33.1 -39.1 392-43% =439

60-80 <32.9 32.5-38.9 39.0 - 43.6 =437

Source: (Omron Health care)

3. Diet Information: Dietary intake was assessed using a 3-day 24-hour dietary recall
method, covering two workdays and one non-workday for regular shift workers while
for rotational shift workers one regular shift /morning shift working day and another of
rotational shift day (evening/might) and one non-workday(free day). The 24-hour
dietary recall is a structured interview that captures detailed information about all foods
and beverages consumed by the respondent in the past 24 hours. Nutritional analysis

was performed using Nutrical software to evaluate dietary patterns and nutrient intake.
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4. Chronotype: The chronotype of participants was assessed using the Horne and
Ostberg Morningness - Eveningness Questionnaire involves 19 questions in the
questionnaire to determine morningness-eveningness in human circadian rhythms and
the Munich Chronotype Questionnaire (MCTQShift) adapted specifically for shift
workers. The MCTQShift assesses a person's sleep-wake rhythms, including sleep
latency, energy levels, and exposure to daylight, shift-specific mid-sleep time

(MSF(E)), which 1s the time they fall asleep in the middle of a shift.

5. Physical Activity: Physical activity levels and sedentary behaviour was evaluated
using the Global Physical Activity Questionnaire (GPAQ). The Global Physical
Activity Questionnaire was developed by WHO for physical activity surveillance in
countries, It comprises of 16 questions including domains of: 1) Activity at work
2)Travel to and from places 3) Recreational activities. Information on the type and
duration of activity was obtained from the GPAQ) questionnaire and the Exercise Energy
Expenditure (EEE) was calculated using the following formula EEE = Time(hour)
*RMR/24*MET.

6. Sitting Time: Assessment of sitting time will be conducted based on thresholds
defined in the study “Sitting time and all-cause mortality risk in 2012”.The categories

are as follows:

Table 3.5: Sitting hours and associated risk:

Category of Risk Hours of Sitting
Low Risk < dhours/day
Medium Risk 4-8 hours /day
High Risk 8-1Thours /day
Very High Risk =1 Thours /day

Source: (van der Ploeg et al.)

7. Stress: Stress levels were measured using the Perceived Stress Scale (PSS) by
Sheldon Cohen. The Perceived Stress Scale (PSS) is the most widely used
psychological instrument for measuring the perception of stress. It is a measure of the
degree to which situations in one’s life are appraised as stressful. Scoring of PSS ranges

from 0-13{low), 14-26 (moderate) and 27-40(high).
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8. Sleep: Sleep quality and patterns were evaluated using the Pittsburgh Sleep Quality
Index (PSQI). It contains 19 self-rated questions and 5 questions rated by a bed partner
or roommate. The scoring is divided into 7 components which have a range of 0-3 points
with 0 scoring indicating no difficulty while scoring of 3 indicating severe difficulty.
The score of the 7 components are then added and one global score is obtained that
ranges from 0-21 where 0 indicates no difficulty and 21 indicates severe difficulties in

all arcas. A global score of 5 or more indicates poor sleep quality.

9, Screen Time: An 18-item screen-time questionnaire was created to quantify the use
of commonly used screen devices (e.g. television, smartphone, tablet) across different

time points during the week (e.g. weekday, weeknight, weekend).

10. Chrono-nutrition Profile: Chrono-nutrition profile was assessed using the
chrono-nutrition profile scoring method developed by Allison Christine Engwall.
Six chrono-nutrition behavior cut-off scores are categorized into one of three
‘chrono-nutrition behavior cut-offs” for each chrono-nutrition behavior (0 =
good,1= fair and 2= poor). These scores were added to obtain the Chrono-
nutrition Profile score, which represents one’s chrono-nutrition profile. Scoring
ranges from 0 to 12, with 0 indicating good chrono-nutrition status and 12

indicating poor chrono-nutrition status (Engwall A.C.,2018)
The 6 indicators are:

¢ Eating Window — It includes the duration between the first eating
event and the last eating event{HH: MM)

» Breakfast Skipping — It includes the frequency of breakfast skipping.
(Davs/Week)

e Evening Latency — It includes the duration between the last eating
event and sleep onset(HH: MM)

o Evening Eating- It includes the risk of eating late in the waking
day(HH: MM)

e Night Eating — It includes frequency of night eating(Days/Week)

e Largest Meal — It includes a meal in which a large amount of food is

caten. (Meal Name)
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Table 3.6: Chrono-nutrition Behaviour description and scoring cut-offs:

Chrononutrition Desceription Format Scoring
Cut-offs Cutoff (poor,
fair, good)

Eating Window Duration HH: MM =14:00
between 12:01-14:00
first eating < 12:00
event and
last eating
event

Breakfast Frequency Days/Week =ddays/week

Skipping of Breakfast 2-3days/week
Skipping Iday/week or

less

Evening Latency Duration HH: MM <2:00
between last 02:01 — 06:00
eating event =6:00
and sleep
onset

Evening Eating Risk of HH: MM =23:00
eating late 20:00 — 22:59
in the <2000
waking day

Night Eating Frequency Days/Week =ddays/week
of night 2-3days/week
cating Iday/week or

less

Largest Meal Meal in Meal Dinner/Supper
which Name Lunch
largest Breakfast
amount of
food 15
eaten

(Source: Engwall A.C. (2018)Development, Validation, and reliability of the

Chrono-nutrition Profile)

Statistical Analysis: Data analysis was conducted using statistical software such
as Microsoft Excel and SPSS. Descriptive statistics were computed to summarize
the means, standard deviations, and distributions of the collected data.
Comparative analyses were performed using t-tests for independent samples.

ANOVA, or non-parametric alternatives, as appropriate, to assess differences

between regular and rotational shift workers.
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RESULTS AND DISCUSSION

The present investigation aims (o study the chrono-nutrition profile of

rotational shift workers and regular shift workers. This chapter is

organized into sections, each focusing on a specific aspect:

Section 4.1 Socio-demographic information: Understanding the
similarities and differences of both types of shift workers in their age
group, educational qualification, work environment and shift duration.
Section 4.2 Nutritional Status: Assessing the anthropometric
measurements and body composition of participants,

Section 4.3 Diet Information: Briefing on the specific dietary habits
and patterns observed.7

Section 4.4 Assessment of the chronotype of both types of Shift
Workers

Section 4.5 Assessment of sleep metrics and chronotype among
Rotational Shift workers: Assessing the similarities and differences in
sleep duration, social jetlag, sleep debt, alarm use and chronotype and
chrono disruption

Section 4.6 Perceived Stress: Understanding the level of stress in both
types of shift workers.

Section 4.7 Sleep Quality: Investigating the sleep quality differences in
both types of shift workers.

Section 4.8 Physical Activity: Analysing the levels of physical activity
among both types of shift workers.

Section 4.9 Sitting Time: Understanding the sedentary behaviour
Section 4.10 Screen time: Assessing the amount of time spent on
electronic devices during weekdays, weeknights, and weekends,
including primary and background screen time.

Section 4.11 Association of Chronotype and Dietary Intake of both
types of Shift Workers

Section 4.12 Association of Chrono-nutrition Profile with Nutritional

Status, Physical Activity
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Section 4.1 - Socio-Demographic Information

Table 4.1.1: Socio-Demographic Information of Shift Workers

Variables Regular Shift Rotational
Workers Shift Workers

Total No. of | 100 100

Participants

Age Group N(%) N(%)

18-28 34(34) 35 (55)

29-39 3131 32 (32)

40-50 17(17) 13 (13)

=50 1I(IT) 0(0)

Educational

Qualification

1 - 9" s5id 12(12) 17 (17)

10— 12" Sid 34(34) 41 (41)

Diploma 16(16) 16 (16)

Graduate 313D 20 (20)

Post Graduate (T 6 (6)

Job Role Category

Worker IT(3T) 17(17)

Supervisor 45(48) 41 (41)

Admin 15(15) 16 (16)

The data was collected from 200 male participants, of which 100 of
Rotational shift workers and 100 of Regular shift workers from the
same industry., There were four types of shifts — General, Morning,
Evening, Night. General shift is a regular shift of 9:30 am-5:30 pm
timing followed by Regular shift workers. While the Rotational shift
workers have Moring, evening, and night shifts. The shift changes
weekly in the following cycle-Morning to Night to Evening and then

again to Morning, that is how the shift rotates. The timings for
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morning, evening and night shift are 7:00 am-3:00 pm,3:00-11:00 pm,
and 11:00 pm — 7:00 am, respectively. Both types of shift workers have

weekly one day off.

They have 8 hours of shift with food availability at the workplace,
including breakfast, snack, lunch, and dinner for both types of shift

workers.

Table 4.1.1 presents the socio-demographic profile of shift workers.
Among rotational shift workers, the largest proportion (38%) belonged
to the 24-29 age group, while for regular shift workers. 27% were from
the same age category. Interestingly, a significant percentage (18%) of
regular shift workers were aged above 50, whereas no rotational shift

workers were in this category.

This indicates that regular shift work may be a more suitable or
practical option for older employees. While 55% of rotational shift
wortkers lie in the 18- 28-year age group, this suggests a trend where
younger emplovees are more likely to be engaged in rotational shift
work, possibly due to better adaptability to irregular work hours or
physical demands associated with such schedules. Previous studies
have similarly reported that younger workers are more commonly
assigned to rotational or night shifts, hikely due to greater resilience and

fewer familial obligations.

In terms of educational qualifications, most shift workers had
completed 10th- 12th standard education (41% in rotational and 34% in
regular shift workers). Graduate-level education was more common
among regular shilt workers (31%) compared to rotational shift
workers  (20%).These differences might reflect role-specific
requirements or hiring trends within the organization, where higher
academic qualifications may be preferred for roles that align with

regular shifts and administrative duties (Bambra et al., 2008).

Regarding job roles, a higher proportion of regular shift workers were

supervisors (48%) compared to rotational shift workers (41%).
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Similarly, more regular shift workers were in administrative positions

(15%) than rotational shift workers (16%).

Duration of working in Regular/Rotational Shift

60
50
an
30
20
10

0
1-3 years 3-5 years =5 years

¥ Rotational Shift Workers ® Regular Shift Workers

Fig. -4.1.2 — Shift working duration

Fig. 4.1.2 shows the duration of employment in a particular shift.
Nearly halt of both groups (47% in rotational and 48% in regular
shifts) had been working in their respective shifts for 1-3 years. Long-
term employment (=5 years) was slightly higher among regular shift
workers (40%) than rotational shift workers (37%). The higher
retention beyond five years among regular shift workers suggests
greater long-term sustainability of fixed schedules, potentially due to
better alignment with social and biological rhythms (Knutsson,
2003).Early exit from rotational schedules is often linked to circadian
disruption, poor sleep quality, and increased work-life conflict (Costa,
2010; Folkard & Tucker, 2003).



Seciion 4.2 — Nutritional Status
Table 4.2.1 BMI Distribution among Shift workers:-

Rotational Shift Workers

BMI Cut-off Mean = SD N(%e)
Underweight <18.5 17.16 £ 0.77 11 (11)
Normal 18.5-22.9 20.76 = 1.30 38 (38)
Overweight 23-24.9 24,08 + 0.65 13(13)
Obese =25 2838 +£3.14 38 (38)
Regular Shift Workers

BMI Cut-off Mean £ SD N(%e)
Underweight <18.5 17.28 + 1.03 10 (10)
Normal 18.5-22.9 2078 +1.22 29 (29)
Overweight 23-24.9 24.18 £0.51 17 (17)
Obese =25 2843 +£2.47 44 (44)

BMI distribution indicated that obesity was present in 38% of
rotational shift workers and 44% of regular shift workers, suggesting a
slightly higher prevalence in the latter group. It can be due to physical
work demands in rotational shift, like carrying loads, and standing for
long hours, which make them more physically active than regular shift
workers. The percentage of underweight individuals was similar across
both groups (11% in rotational and 10% n regular shift workers),
indicating that nutritional deficiencies or irregular eating patterns may
be common among both types of workers. This is consistent with prior
research suggesting that shift work—regardless of type—can disrupt
cating routines and reduce diet quality, leading to both under- and over-
nutrition (Antunes et al., 2010). The mean BMI values were slightly
higher i regular shift workers across categories, particularly in the
overweight and obese groups. Studies have shown that regular shift
workers may have more structured but less physically intensive roles,
contributing to gradual weight gain over ume (Wang et al, 2011;
Kivimiki et al.. 2006).
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Table 4.2.2 Body Composition among Shift workers

Variables Cut-off Mean £ SD N(%)
Rotational Shift Workers

Body Fat("%)

Low(-) 5.0 -9.9% .63+033 3(3)
Normal(0) 10 - 19.9% 16.44 +2.20 25(25)
High(+) 20 - 24.9% 22.40+1.20 25(25)
Very High(++) >25.0% 28.46 + 2.63 47 (47)
Visceral Fat

Normal 0.5-9.5 4.76 +2.49 61 (61)
High 10-14.5 12.03 £ 1.74 29(29)
Very High 15-30 20.19 + 4.78 10 (10)
skeletal Muscle(%%)

Low(-) 5-32.8% 30.12+1.92 69 (69)
Normal(0) 32.9-35.7% 34.08 £ 0.78 19(19)
High(+) 35.8-37.3% 36.29 + 0.52 T(7)
Very High(++) 37.4-60% 37.98 + 0.66 5(5)
Variables Cut-off Mean £ SD N(%)
Regular Shift Workers

Body Fat(%o)

Lowi(-) 5.0-9.9% - 00y
Normal(0) 10 - 19.9% 15.20+2.87 13(13)
High{+) 20 - 24.9% 22590+ 1 .46 21(21)
Very High(++) 225.0% 2992 +3.37 66(66)
Visceral Fat

Normal 0.5-9.5 5.25+2.74 52(32)
High 10-14.5 12.20 = 1.41 35(35)
Very High 15-30 17.58 £ 1.77 13(13)
Skeletal Muscle(%o)

Low(-) 5-32.8% 29.03 +£2.23 THTT)
Normal(0) 32.9-35.7% 34.09 + 0.68 17(17)
High(+) 35.8-37.3% 36.30 + 0.00 2(2)
Very High(++) 37.4-60% 3818+ 0.51 4(4)

Table 4.2.2 presents body fat percentage showed that a significantly

higher proportion of regular shift workers (66%) fell into the "Very

High body fat category compared to rotational shift workers (47%).

The absence of any participants in the low body fat category among

regular shift workers, and only 3% in that category among rotational
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shift workers, further supports the overall trend toward increased fat
accumulation in this population. High body fat, particularly in the
visceral region, has been linked to increased risk of metabolic
syndrome, cardiovascular disease, and insulin resistance (Despres et
al., 2008)

Similarly, the mean visceral fat level was higher among regular shift
workers (17.58 + 1.77) than rotational shift workers (20.19 + 4.78),
reinforcing the trend of increased adiposity in regular shift workers.
Elevated visceral fat is more metabolically active and dangerous than
subcutaneous fat, making its accumulation particularly harmful for
long-term health (Fox et al.. 2007).The differences in the working
nature of both types of shift workers lead to higher body fat in regular
shift workers. The regular shift workers' nature of work involves a
sitting job for longer hours, along with high screen time. Interestingly,
although the mean visceral fat levels were slightly higher in regular
shift workers across categories, the standard deviations also suggest a
wider variability, possibly due to differences in diet, or sedentary

behaviour,

In contrast, skeletal muscle mass was lower in regular shift workers,
with 77% categorized as having "Low" skeletal muscle percentage,
compared to 69% of rotational shifi workers. This suggests that
rotational shift workers may have better muscle retention, due to

differences in physical activity level,

Skeletal muscle mass is an essential predictor of metabolic health and
functional capacity, an lower percentages are associated with greater
risk of insulin resistance, and poor physical performance (Srikanthan et

al.. 2010)
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Section 4.3 - Diet Information

B Vegetarian @ Ovo-vegetarian = Non-Vegetarian B Vegatarian @ Ovo-vegetarian @ Non-Vegetarian

Fig. 4.3.1(a) Fig. 4.3.1(b)
Fig. 4.3.1(a) and (b) — Dietary Preference among Shift workers

Figure 4.3.1 (a) & (b) details the food choice among the participants.
The majority (66%) of regular shift workers were vegetanan, followed
by 58% of rotational shift workers who prefer vegetarian food. Out of
100 rotational shift workers,28% were ovo-vegetarian and the rest of
14% were non-vegetarian. While regular shift workers have the same
number of participants (17%), they prefer ovo-vegetarian and non-
vegetarian, This shows that while the majority across both groups lean
toward vegetarian diets, rotational shift workers have a higher diversity
in dietary types, possibly due to urregular meal timings and higher
energy demands requiring more flexible food options (Gupta et al.,
2021).8hift work, particularly rotational shifts, has been associated
with altered appetite regulation, meal skipping, and increased snacking,

which can influence dietary choices (Lowden et al., 2010).
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Fig. 4.3.2 — Sources of Meals during Working Hours

Fig. 4.3.2 shows that many workers are having a meal at the workplace
canteen, with about 8§6% and 61% of rotational and regular shift
workers, respectively, followed by 39% and 14% sourcing from home-
prepared meals of regular and rotational shift workers. It shows that
most rotational shift workers source their meals from the workplace
canteen as it's hard to manage meals while being on different shifts
weekly, mainly on night and evening shifts due to time constraints, lack
of access to home-cooked food during odd hours(Atkinson et al., 2008)
This leads to limited dietary choice diversity in the diet as the menu
changes monthly in the workplace canteen, with limitations to certain
food items. The challenge of accessing fresh, nutrient-dense meals
during late or rotating shifts may contribute to poor metabolic

outcomes in this group (Zuraikat et al., 2021).

The home prepared meals are mostly sourced by regular shift workers,
which leads to more scope for dietary diversity, dietary preferences and
food choices and affects dietary intake. Regular hours provide more
opportunity for planning and preparing meals. which aligns with
previous research suggesting that home cooking is linked to healthier

eating habits and improved nutritional intake (Wolfson et al., 2015).
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Fig. 4.3.3 — Most Important meal among Shift workers

Fig. 4.3.3 presents the study’s participants' perceptions of the most
significant meal of the day. According to the findings.43% of rotational
shift workers and 39% of regular shift workers ranked lunch as their
most important meal, followed by dinner preference of about 29% and
37% by rotational and regular shift workers, respectively. This pattern
might reflect the more consistent evening routines and family-based
eating practices of regular workers, who tend to finish work by evening
{Reeves et al., 2004).Breakfast was stated as the important meal by
28% of rotational shift workers, followed by 22% of regular shift
workers. Evening snacks were preferred by none of the rotational shift
workers, followed by only 2% of regular shift workers, potentially due

to the clashing of working timings with evening snacks time.
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Table 4.3.4 — Homemade food consumption Frequency and Meal Skipping

Frequency during work hours

Rotational Shift Regular Shift
Workers Workers
Homemade food frequency | N(%) N(%)
Never 34 (34) 40(40)
1 time a week 32(32) 32(32)
2 times a week 24 (24) 12(12)
3-4times a week 8 (8) 12(12)
5-6 times a week 2(2) 4(4)
Skipping meals frequency N(%) N(%)
Never 36 (36) 52(52)
] time a week 46 (46) 42(42)
2 times a week 24 (24) 6(6)
3-dtimes a week 1% (1¥) 0(0)
5-6 times a week 0(0) 010)

Table 4.3.4 shows that about 2% and 8% of the rotational shift workers and 4%
and 12% of the regular shift workers had homemade food 5-6 times and 3-4
times respectively in a week. Majority of the rotational shift workers (34%) and
regular shift workers (40%) did not have homemade meals and preferred food
served at the workplace canteen. The frequency of consumption of homemade
foods, once to twice a week, ranged from 32% to 24% among rotational shift
workers and from 32% to 12% among regular shift workers. It has been noted
that shift workers often rely on workplace or convenience foods due to wrregular
schedules and fatigue, which limits their ability to prepare food at home (Sudo

etal., 2021).

Meal skipping was more prevalent among rotational shift workers, with 18%
skipping meals three to four times per week, whereas none of the regular shift
workers exhibited this behaviour. Notably, 52% of regular shift workers never
skipped meals. This aligns with literature suggesting that non-standard work
hours disrupt appetite and lead to irregular meal patterns (Lowden et al.,
2010). Among rotational shift workers, 24% skipped meals at least twice a week,

while 46% skipped meals at least once a week.
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These trends suggest that irregular work schedules, workload demands, and
limited food choices at the workplace may contribute to meal skipping
behaviours among rotational shift workers, potentially impacting appetite
regulation and overall dietary intake. The physiological consequences of
frequent meal skipping include reduced metabolic efficiency. increased fat
accumulation, and poor glucose control, particularly among shift workers with

disrupted circadian rhythms (Patel et al., 2014).

Section 4.4 - Chronotype Classification

Chronotype Distribution among Shift Workers
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Fig 4.4.1 — Chronotype distribution among shift workers

The morning chronotype was dominant in both groups, with 40% of
rotational shift workers and 41% of regular shift workers identified as
"Definite Morning" types. "Moderate Morning" chronotvpes were
slightly more common among regular shift workers (48%) compared to
rotational shift workers (46%). Only rotational shift workers were in
the "Moderate Evening" category (2%). while none were classified as
"Definite Evening" type. This could reflect an adaptation among
workers to the demands of their schedules. Regular shift workers
typically work fixed daytime hours, potentially reinforcing morning-
oriented circadian preferences. On the other hand, rotational shift
workers, despite their exposure to varying schedules, also showed a
dominant morning chronotype, which may suggest either a selection

bias in shift assignment or long-term adaptation (Antunes et al., 2010).



Section 4.5~ Assessment of Chronotype among Shift Workers

Table 4.5.1 — Sleep-Wake patterns assessment along with Alarm Use Frequency

Sleep Wakeup Sleep Mid-sleep Alarm
Onset Time Duration time Use
(hh: mm) | (hh: mm) (hh: mm) (hh: mm)

Workdays Mean = SD  (Median)

Morning 20:12 + 533+ 0044 | 6:41 £ 1:16 2:12 £ 0:45 75%
6:48

(Median) | (22:30) (05:30) (06:45) (02:15)

Evening 19:27 + 741 £ 1:36 | 6:57 + 2:56 22:56 + 49%,
13:37 13:41

(Median) | (01:30) (8:00) (06:45) (04:51)

Night 10:26 + 15:46 + 5:19 £ 2:02 13:06 £ 1:52 | 57%
2:17 1:56

(Median) | (10:00) | (16:00) (05:15) (13:22

Free day 19:13 & 7:36+1:38 | 8:32+£1:39 3:19£1:15 26%
7158

(Median) | (22:30) | (07:30) (08:25) [ (03:15)

Table 4.5.1 presents sleep-wake patterns among rotational shift workers
during morning, evening, night shift, and on a free day and shows
dependency on alarm use during each shift. Let us discuss it shift-wise:
On workdays, during morning shift, rotational shift workers had a
mean sleep onset of 20:12 and wake-up time of 5:33, with sleep
duration of approximately 6 hours and 41 minutes. This pattern reflects
an early chronotype, consistent with expectations for morning-oriented
schedules. Alarm use was highest in this group (75%), indicating
strong external regulation of wake times, which may contribute to sleep

restriction and social jetlag (Wittmann et al., 2006).

During evening shift, rotational shift workers displayed a more delayed
sleep schedule with a wide variation in sleep onset (mean: 19:27 with
SD +13:37), suggesting inconsistent sleep timing, possibly due to
irregular shift patterns or pre-sleep activities. Despite sleeping slightly
longer than in rotational shift workers during morning shift(mean:

6:57), alarm use was lower (49%), indicating slightly more autonomy

49



in wake-up time, though their sleep timing still may not be optimal

(Vetter et al., 2015).

During night shift, rotational shift workers had the most significantly
delayed sleep onset (mean: 10:26) and wake-up time (15:46), with the
shortest sleep duration of just 5 hours and 19 minutes. This reflects the
chronic sleep deprivation often associated with night shifts, likely due
to circadian misalignment and light exposure during typical rest times
(Akerstedt et al., 2003). Alarm use was moderate (57%), but
insufficient sleep duration suggests that many workers wake up before

obtaining restorative sleep, possibly due to social or family obligations.

On free days, across all workers, the sleep duration increased
significantly to a mean of 8 hours and 32 minutes, with a mid-sleep
time of 3:19 and alarm use dropping to 26%. This extended rest
suggests that workers experience sleep compensation, a known marker
of sleep debt during workdays (Roenneberg et al., 2007). These
findings emphasize the impact of shifi work on sleep quantity and

quality, and the need for shift design that considers circadian biology.

Owerall, the data supports previous research indicating that rotational
and night shift work leads to disrupted sleep patterns, reduced sleep
duration, and higher sleep debt (Kecklund & Axelsson, 2016). These
sleep disruptions may in turn affect metabolic health, performance. and

overall well-being.

Table 4.5.2 — Key Sleep Metrics Assessment among Shift workers

Social Jetlag Sleep Debt Social Jetlag -
(hh:mm) (hh: mm) Adjusted Chronotype
{(hh: mm)
Workdays Mean + SD  (Median)
Morning 1:14 + (:58 1:24 + 1:05 3:19£ 1:15
(Median) (01:00) (01:15) (03:15)
Evening 0:49 + 3:34 1:37 + 1:31 0:56 = (:20
(Median) (00:03) (01:15) (01:03)
Night 0:24 + 0:05 2:46 + 1:44 3127+ 103
(Median) (00:24) (02:45) (03:26)
Free day - - -

l=118]



Table 4.5.2 presents data on social jetlag, sleep debt, and social jetlag
adjusted for chronotype for different work schedules (Morning,

Evening, and Night shifts).

Social Jetlag: Social jetlag represents the difference in mid-sleep time
between workdays and free days. indicating a misalignment between

biological and social clocks.

Social Jetlag Adjusted for Chronotype: It refers to mid-point of sleep
corrected for sleep debt provides a measure of an individual’s sleep-

wake preference.

During morning shift, rotational shift workers experienced the highest
level of social jetlag, averaging 1 hour and 14 minutes, which indicates
a notable misalignment between their biological clock and work
schedule. Although this group had moderate sleep debt (1:24), their
adjusted chronotype was 3:19, suggesting a stable morning orientation.
The high social jetlag in this group likely results from early work start
times conflicting with the natural sleep-wake c¢ycle (Roenneberg et al..
2007).

In contrast, during evening shift, rotational shift workers reported
lower social jetlag (mean: (:49), indicating better alignment of work
and biological schedules. However, their sleep debt was higher (1:37),
suggesting that despite more flexible sleep timing, they still experience
insufficient sleep—possibly due to prolonged wakefulness or
inconsistent routines. Their adjusted chronotype (0:56) reflects a much
earlier midpoint, likely skewed by irregular schedules or inadequate

rest.

During night shift, rotational shift workers displayed the lowest social
jetlag (0:24), likely because their schedules are drastically shifted and
free days may still follow a delayed sleep cycle. However, this group
reported the highest sleep debt (2:46), confirming that night shifts are

particularly detrimental to total sleep duration. Their adjusted
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chronotype (3:27) aligns with an extreme evening or delayed type,
consistent with research suggesting that chronic night shift work
disrupts circadian rhythms and leads to long-term sleep disturbances

(Vetter et al., 2015; Kecklund & Axelsson, 2016).

The comparison across groups underscores a trade-off between
circadian alignment and sleep quantity, where less social jetlag doesn't
necessarily mean better sleep health. Especially in night shift workers,
lower jetlag coexist with poor sleep duration, possibly contributing to
adverse metabolic and psychological outcomes (Wittmann et al., 2006;
Akerstedt et al., 2003).

Table 4.5.3 — Association of Sleep Debt Across Shift Types:

Comparison Mean = SD p-value Significa
(two- nce
tailed)

Morning vs 0.0585 £ No

Evening 0.046 vs. 0.24 significant

0.067 £ : difference
0.064
Morning vs | 0.067 £ 0.00 Significan
Night 0.064 vs, {:i 8E-07) t
0.115 % ' difference
0.073
Evening vs 0.058 4 0.00 Significan
Night 0.046 vs. {,;, 9E-11) |
0.115+ ' difference
0.073

Table 4.5.3 summarizes the mean sleep debt values across shift groups,
along with standard deviations and statistical comparisons. Sleep debt
refers to the shortfall between the amount of sleep an individual needs
and what they obtain, and it is recognized as a key indicator of
circadian strain and sleep-related health risk (Van Dongen et al., 2003).
There was no significant difference in sleep debt between Morning
and Evening shift in rotational shift workers. This suggests that both
groups were similarly successful—or challenged—in meeting their

sleep requirements, potentially due to their alignment with more
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socially conventional schedules that allow for consistent sleep routines

(Wittmann et al., 2006).

During night shift, rotational shift workers demonstrated substantially
higher sleep debt, consistent with prior findings that night shifts
disrupt circadian rhythms and reduce sleep quantity and quality due to
daytime sleep being less restorative (Foster & Wulff, 2005; Akerstedt,
2003). Similarly. during night shift, workers had significantly higher
sleep debt compared to these workers during evening shifts. The
elevated sleep debt among these workers during night shift is
concerning, as chronic sleep debt is associated with a range of adverse
outcomes, including impaired cognitive performance, increased risk of
chronic diseases, and reduced psychological well-being (Van Dongen
et al., 2003; Wright et al., 2013).

Table 4.5.4 — Association of Sleep Debt across Shift Types with Age:

Comparison Mean = SD p-value Significance
(two-
tailed)
Sleep Debt 0.058 + 0.046 No significant
(M) vs Age V5. 0,072 difference
0.067 + 0.064
Sleep Debt 0.0674 + 0.064 Significant
(E) vs Age VS, 0,000 difference
0.115 £ 0.073
Sleep Debt (.058 + 0.046 No significant
(N) vs Age Vs, 0.187 difference
0.115 £ 0.073

Here M — Morning, E — Evenung , N — Night

Table 4.5.4 summarizes the statistical comparisons between sleep debt
and age within each shift group. The comparison of sleep debt in
Morning shift workers against age yielded no statistically significant
relationship. This suggests that among rotational shift workers during
morning shift, age does not significantly affect the accumulation of
sleep debt. This might be due to the alignment of the Morming shift
with the natural circadian rhythm. which tends to favor earlier sleep

and wake times as individuals age (Roenneberg et al., 2007).

53




Hence, older adults working morning shifts may not experience the

same level of sleep strain compared to those on later shifts,

A significant difference was found between sleep debt and age among
these workers during evening shift, indicating that age is a relevant
factor affecting sleep debt in this group. The physiological decline in
sleep efficiency with age. coupled with misalignment of circadian
preferences in evening shifts, may contribute to increased sleep
difficulties in older individuals (Duffy et al., 2015). Older adults are
more prone to early awakenings and lighter sleep, making evening
shifts particularly challenging. While night shifts inherently induce
higher sleep debt due to circadian misalignment. this effect appears to
be consistent across age groups in the present sample. This aligns with
prior findings suggesting that night work disrupts sleep across all ages,
although the strategies used to cope may vary (Akerstedt & Wright,
2009).

Table 4.5.5 — Association of Sleep Debt across Shift Tvpes with

Commuting Time:

Comparison Mean £ SD p-value Significance
(two-
tailed)
SDebt (M) 0.058 = 0.046 Significant
vs Commute Vs, 0.001 difference
Time 0.067 £ 0.064
SDebt (E) vs 0.067 = 0.064 Significant
Commute VS, 0.024 difference
Time 0.116 £0.073
SDebt (N) vs 0.058 £ 0.046 No
Commute VS. 0.381 significant
Time 0.116 + 0.073 difference

Here, SDebt stands for Sleep Debt

Table 4.5.5 shows that there was a significant difference between sleep
debt and commuting time among Moming shift workers (p = 0.0018).
This finding suggests that longer commuting durations are associated
with increased sleep debt in this group. Morning shifts typically require

early start times, which can force individuals to wake earlier than their
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natural sleep preference allows, especially when compounded by

lengthy commutes (Basner et al., 2007).

Although evening shifts may allow for later wake times, extended
commutes—especially in congested evening traffic—could interfere
with sleep timing and reduce the available sleep window before
subsequent shifts. Additionally, individuals working evening shifts may
experience social and family obligations during the day, further

limiting recovery sleep (Folkard & Tucker, 2003).

Conversely, no significant association was observed between
commuting time and sleep debt in Night shift workers. One possible
explanation is that night shift workers, who often sleep during the
daytime, may have more flexibility in scheduling sleep and
commuting. Alternatively, the sleep debt experienced by this group
could already be significantly impacted by circadian misalignment,
such that additional commute-related variations exert a comparatively

minor influence (Akerstedt, 2003).

Table 4.5.6 — Association of Sleep Duration between Shift Types and

Free Day:
Comparison Mean = 5D p-value Significance
(two-
tailed)
Morning 0.279 £ 0.053 Significant
Shift vs Vs, S.64E-17 difference
Free Day 0.356 =0.071
Evening 0.289+0.124 Significant
Shift vs Vs, 1.84E-06 difference
Free Day 0.356 £ 0.071
Night Shift 0.222 £ 0.085 Significant
vs Free Day V8. 5.23E-23 difference
0.356 £ 0,071

Table 4.5.6. data reveal that moming shift workers had significantly
shorter sleep duration compared to free days. Similarly, individuals
working evening shifts also experienced significantly less sleep than on

their free days. These findings suggest a clear trend of reduced sleep on

55




working days regardless of shift type, and an increase in sleep duration
on non-working or free days. This pattern is consistent with existing
literature, which shows that work-related time constraints and early
start times can significantly reduce total sleep duration, especially
among shift workers (Akerstedt et al., 2000; Boivin & Boudreau,
2014). The extended sleep on free days is often seen as a compensatory
response to accumulated sleep debt.(Wittmann et al., 2006). The larger
difference in sleep duration between evening shifts and free days
suggests that evening shifis may be particularly disruptive to sleep.
This could be due to a misalignment between the individual’s circadian
rhythm and actual sleep opportunity, as evening shifts often delay
bedtime while early obligations the next day can shorten sleep duration

{Barber & Munz, 2011).

Table 4.5.7 — Association of Social Jetlag(SJL) across Shift tvpes with Age:

Comparison Mean £ SD p- Significance
value
{two-
tailed)
SJL(M) vs 0.28 £0.05 No significant
Age V5. difference
0.40 £0.07 Hodd?
SJL(E) vs 030+0.12 No significant
Age Vs, difference
0.36+0.07 0435
SJL(N) vs 0.20 + 0.09 Significant
Age V8. 0.000 difference
0.40 £ 0.07

Here N-Night shift, E- Evening Shift, M- Morning Shift

Table 4.5.7 presents the comparison between morning shift workers
and age did not show a significant difference, nor did the comparison
for evening shift workers. However, a statistically significant
difference was observed in might shift workers when compared with
age. This significant result in the night shift group may suggest that
older individuals experience less social jetlag while working night
shifts, possibly due to greater adaptation or stabilization of sleep-wake
cycles over time. Alternatively, it could reflect a selection effect. where

only those individuals who can tolerate or adapt to night shifts continue
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in such roles as they age. In contrast, younger individuals may
experience more pronounced social jetlag due to biological tendencies

toward delayed sleep timing (Roenneberg et al., 2007).

Table 4.5.8 - Association of Social Jetlag(SJL) across Shift types with

Chronotype:
Comparison Mean = SD p-value Significance
(two-tailed)

SJL (M) vs 0.30 £ 0.05 vs. 0.000 | Significant

Chronotype 0.36 £0.06 difference

SJL (E) vs 0.28 4 0.12 vs. 0.228 No

Chronotype 0.36 = 0.06 significant
difference

SJL (N) vs 0.22 £ 0.09 vs, 0.035 Marginally

Chronotype 0.35+£0.06 significant
difference

Here N-Night shift, E- Evening Shift, M- Morning Shift

Table 4.5.8. presents social jetlag comparison across shift type with
chronotype shows a significant difference was observed between
moming shift workers and their chronotype, that individuals with
misaligned chronotypes—Ilikely evening types working morning
shifts—experience higher levels of social jetlag. This finding is
consistent with prior studies demonstrating that morning shifts tend to
be more misaligned with the natural circadian rhythms of evening
chronotypes, resulting in greater SJL (Wittmann et al., 2006;
Roenneberg et al., 2007). In these individuals, waking up earlier than
their biological preference can lead to sleep deprivation on workdays

and compensation on free days, thereby increasing SJL.

For evening shift workers, no significant difference was found between
SJL and chronotype suggesting that evening shifts may better align
with a broader range of chronotypes, possibly minimizing SJL.
Interestingly, the comparison for night shift workers revealed a
marginally significant difference. While this indicates some level of

misalignment, it may reflect partial adaptation of certain chronotypes
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to night shifts, or an ability to shift their circadian phase with more
flexibility (Pilcher et al., 2000).

These results underscore the importance of considering chronotype in
shift scheduling, as misalignment between biological timing and work
demands can negatively impact sleep patterns, increase social jetlag,
and potentially impair long-term health outcomes (Kantermann et al.,
2010).

Table 4.5.9 — Association of Chrono disruption across Shift types with Age:

Comparison Mean £ SD p-value Significance
(two-
tailed)
Chrono- 0.279 £ 0.053 vs. No
disruption 0.356 = 0.069 0.057 significant
(M) ; difference
vs Are
Chrono- 0.289 £0.123 vs. No
disruption 0.356 +0.069 0.380 significant
(E) vs Age difference
Chrono- 0.22 + 0.085 vs. Significant
disruption 0.356 = 0.069 0.030 difference
(N) vs Age

Here N-Night shift, E- Evening Shift, M- Morning Shitt

Table 4.5.9 presents the comparison of Chronodisruption across
different shift types with age, revealing differential impacts depending
on the shift schedule. Chronodisruption refers to a misalignment
between an individual’s internal circadian rhythm and external
demands, often resulting in adverse health outcomes (Wittmann et al.,
2006; Roenneberg et al., 2007).

There was no statistically significant difference found between chrono-
disruption in morning shift workers and age as well as evening shift
workers and age .These results suggest that chrono-disruption in these
groups may not be strongly age-dependent, potentially due to
individual differences in adaptability or lifestyle behaviors that buffer

the circadian misalignment.
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However, a significant difference was observed in night shift workers
compared to age. This indicates that older individuals working night
shifts experience greater chronodisruption, possibly due to the reduced

plasticity of the circadian system with age (Monk & Buysse, 2013).

Age-related declines in the amplitude and stability of circadian rhythms
may make it more difficult for older adults to adjust to night shifts,
leading to greater physiological misalignment (Duffy et al., 2015). This
finding aligns with prior evidence suggesting that older shift workers

report greater sleep disturbances, increased fatigue, and decreased

tolerance for night shifts (Akerstedt, 2003).

Table 4.5.10— Association of Chrono disruption across Shift types with Sleep

Duration on Free Day:

Comparison Mean = SD p-value Significance
(two-
tailed)
Chrono- 0.279 £ 0.053
disruption VS, 0.424 I\.m .
(M) vs 0.356 + 0,069 ' ‘j;%;'[t'“a"‘
SD (F) R
Chrono- 0.280+0.123
disruption Vs, 0.033 Positive
(E) vs 0.356 + 0.069 T association
SD (F)
Chrono- 0.223 + (0.085 No
disruption V8. 0.344 e
(N) vs 0.356 + 0.069 :fl;:":;f cant
SD (F)

Here N-Night shift, E- Evening Shift, M- Morning Shift, F- Freeday

Table 4.5.10 shows the chronodisruption across different shift types
with Sleep duration on free days(F).Among morning shift workers, no
significant association was found between chronodisruption and sleep
duration on free days (p = (0L.424R). This may suggest that individuals
working morning shifts are more likely to maintain a relatively
consistent sleep schedule even on free days, thereby experiencing

minimal circadian misalignment.
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Similarly, for night shift workers, the relationship between
chronodisruption and sleep duration on free days was not statistically
significant (p = 0.3441). One possible explanation is that night workers
often experience persistent circadian disruption regardless of
compensatory sleep on off days, as their internal clocks are chronically

desynchronized due to nighttime activity (Zhang et al., 2020).

However, a significant positive association was found among evening
shift workers (p = 0.0336), indicating that longer sleep durations on
free days were associated with higher levels of chronodisruption. This
finding is consistent with the concept of “"social jetlag" wherein
individuals attempt to compensate for weekday sleep deprivation or
misaligned schedules by sleeping more on free days. which in turn
amplifies circadian desynchrony (Wittmann et al., 2006). Evening
shifis often lead to inconsistent sleep timing due 1o late work hours and
social engagements, making these workers more prone to greater

variability between workdays and free days (Roenneberg et al., 2007).

Section 4.6 = Perceived Siress Levels

High F]Il
64
Moderate 67
Low TN
o 10 20 Eli] 40 S0 & 70 80
m Regular Shift Workers ® Rotational Shift Workers

Fig 4.6.1 — Stress levels among Shift Workers

Stress levels showed variations between the groups. with a majority of
both reporting moderate stress (67% in rotational and 64% in regular
shift workers). This finding aligns with existing literature suggesting
that moderate stress is prevalent among shift workers due to irregular
schedules, circadian misalignment, and work-life imbalance
(Akerstedt, 2003; Folkard & Tucker, 2003).



Interestingly, a higher percentage of regular shift workers (10%)
reported high stress compared to only 2% of rotational shift workers.
This could be attributed to better coping mechanisms or adaptation
over time to rotating schedules in some individuals. Alternatively, the
variety offered by rotational shifts may be perceived as less
monotonous(Costa, 2003). Although a shghtly higher percentage of
rotational workers are in the "low stress" category (31%), than the

regular shift workers. their overall stress burden remains significant.

Section 4.7 — Quality of Sleep
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Fig. 4.7.1 — Quality of Sleep among both types of Shift workers

Figure 4.7.1 depicts the sleep quality among the regular and rotational
shift workers. Many of the participants (78% of rotational shift workers
and 56% of the regular shift workers) reported poor sleep quality. A
higher percentage of regular shift workers (44%) had good sleep
quality, while only 22% of rotational shift workers reported the same.
This suggests that rotational shift workers strugele more with sleep
disruption, likely due to irregular and inconsistent sleep schedules.
These findings highlight the negative impact of shift rotation on sleep
health, which can lead to fatigue, reduced productivity, and health
issues. These findings suggest a substantial negative impact of
rotational shift work on sleep quality, likely due to the disruption of
circadian rhythms and frequent changes in sleep-wake schedules.
Rotating shifts often prevent the body from establishing a stable sleep

routine, leading to chronic sleep disturbances, reduced sleep duration,
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and decreased sleep efficiency (Boivin & Boudreau, 2014; Akerstedt.
2003).

These findings are consistent with prior research that links rotating
shifts to higher risks of insomnia, poor sleep quality, and circadian
misalignment (Wright et al., 2013). Moreover, poor sleep quality has
been shown to impair cognitive function, reduce productivity, and
increase the risk of chronic health conditions. underlining the need for

interventions such as sleep hygiene education, strategic napping, and

optimized shift scheduling (Caruso, 2014).

Table 4.7.2 Association of Quality of Sleep with Stress Level among both
types of Shift Workers:

Shift Type Variable p-value Significance
(two-
tailed)
Regular Stress No
Shift = 0.0001 significant
Workers difference
Sleep
Quality 0.7069 |
Rotational Stress Significant
Shift 0.0008 difference
Workers
Sleep
Quality 0.0306

Table 4.7.2 presents the relationship between sleep quality and stress
levels among shift workers, revealing distinct patterns between
rotational and regular shift schedules. For rotational shift workers, both
stress and sleep quality were found to be significantly associated,
indicating that higher stress levels are likely linked to poorer sleep
outcomes in this group. These findings align with existing research
suggesting that rotational shift workers are particularly vulnerable to
sleep disturbances due to frequent disruptions in their circadian rhythm
and increased psychological strain (Boivin & Boudreau, 2014; Caruso,
2014). Irregular and unpredictable work hours inherent in rotational

shifts can impair the body’s natural sleep-wake cycle, contributing not
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only to poor sleep quality but also to heightened perceived stress
(Akerstedt, 2003). The dual burden of stress and poor sleep may further
exacerbate the risk of long-term physical and mental health issues

among these workers (Wright et al., 2013).

In contrast, among regular shift workers, although stress was
statistically significant, sleep quality did not show a significant
association. This may suggest that individuals on a fixed shift
schedule-regardless of whether it 1s morning, evening, or night-may be
better able to develop coping strategies or adjust physiologically over
time, thereby reducing the impact of work-related stress on sleep.
Alternatively, it could reflect a threshold effect. where chronic
exposure to a fixed schedule leads to adaptation that blunts the sleep-

related consequences of stress (Kecklund & Axelsson, 2016).

Section 4.8 - Physical Activity Level

Rotational Shift Workers Regular Shift Workers
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Fig. 4.8 — Physical activity levels among Shift Workers

A greater proportion of rotational shift workers (49%) engaged in
moderate physical activity compared to regular shift workers (21%).
Similarly. high physical activity levels were more common among
rotational shift workers (13%) than regular shift workers (6%).
However, a significantly larger percentage of regular shift workers
(73%) had low physical activity levels, compared to 38% among

rotational shift workers. Rotational shift workers are more physically
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active than regular shift workers, due to varying job demands and
irregular schedules that involve movement. Regular shift workers have
a significantly higher proportion (73%) in the "Low" activity category,
may experience more predictable routines and longer periods of
sedentary behavior, contributing to lower overall activity levels (Proper
et al., 2011). Only a small percentage of both groups engage in high
physical activity (13% in rotational vs. 6% in regular), despite the
better activity profile among rotational workers, only a small
proportion of both groups engage in high levels of physical activity
(13% and 6% respectively), which highlights the overall inactivity
trend among shift workers. This reflects the broader challenges shift
workers face in maintaining a healthy lifestyle, including fatigue, poor
work-life balance, and disrupted circadian rhythms (Atkinson et al.,
2008).

Section 4.9 - Sitting Time

Table 4.9.1 Sitting Duration among Shift workers

Rotational Shift Regular Shift
Workers Workers

Sitting Time Risk Category | N (%) N (%)

Low 19(19) 32(32)

Medium 52(52)

High 15(15) 13(13)

Very High _

Table 4.9.1 presents the data sitting duration among the rotational and
regular shift workers. The data reveal similar distributions of sitting
time across both groups, with the majonty of workers falling into the
"Medium" risk category (63% for rotational shift workers and 52% for
regular shift workers). The percentage of workers in the "Very High"
sitting risk category was low in both groups (3%). Regular shift

workers have a higher proportion (32%) in the "Low" sitting time



category, meaning they might have better movement opportunities than
rotational workers. Rotational shift workers have a higher proportion
(63%) in the "Medium" risk category, suggesting longer sedentary
periods, potentially due to shift demands despite of being more
moderately physically active compared to regular shift workers, sitting
duration leads to medium risk, potentially harming health and raising

health concerns.

Both groups have similar percentages in the "High" (15% wvs. 13%)
and "Very High" (3% each) categories, indicating sitting for long hours
is a major concern across both work types. The increased prevalence of
medium to high sitting risk among rotational shift workers may seem
counterintuitive, given their previously discussed higher physical
activity levels. However, this contrast suggests that while rotational
workers may engage in bursts ol physical activity during shifts, they
may also accumulate prolonged periods of sitting, particularly during
off-duty hours or between shift rotations when recovery is needed
(Gupta et al., 2017). Shift patterns that include extended rest or standby
periods can contribute to this sedentary accumulation (Luan et al.,
2020).Extended sitting time 15 independently associated with numerous
adverse  health outcomes, including metabolic  syndrome,
cardiovascular disease, obesity, and all-cause mortality, even after
adjusting for physical activity levels (Dunstan et al., 2012; Owen et al.,
2010},

Fig.4.10(a) and (b) present the screen time duration during weekdays,
weeknights, weekends among both type of shift workers. During
weekdays, a higher percentage of rotational shift workers (40%) had
moderate screen time compared to regular shift workers (26%).
However, a greater proportion of regular shift workers had very high
screen time on weekdays (26%) compared to rotational shift workers
(11%). On weekends, both groups had a higher prevalence of "Very
High" screen time (36% for rotational shift workers and 37% for
regular shift workers), indicating increased recreational screen usage

during non-working davs.
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Screen Time During Weekdays: Regular shift workers have a higher
percentage of very high screen time (26%) compared to rotational
workers (11%), while rotational workers tend to fall more in the

moderate screen time category (40%).

Section 4.10- Screen Time Assessment

Screen Time among Rotational Shift Workers

Screen time During Week Days
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Fig 4.10{a) — Screentime duration of Rotational Shift worker

Screen time among Regular Shift Workers
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Fig 4.10(b) — Screentime duration of Regular Shift worker
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Screen Time During Weeknights: Rotational shift workers tend to
spend more screen time at night (48% moderate, 20% high) compared
to regular shift workers, who have slightly lower engagement. This
could be due to increased screen exposure during night shifts, affecting

sleep quality and circadian rhythms.

Screen Time During Weekends: Both groups exhibit very high screen
time usage during weekends (~36-37%). This suggests a general trend

of increased leisure screen time on non-working days.

These results suggest that both rotational and regular shift workers are
experiencing elevated screen time, especially during the weekend,
when traditional work pressures may be reduced. Notably, rotational
shift workers appear to have more variability across the week, which
may reflect the irregularity of their schedules and the likelihood of
screen-based leisure activities being used to manage stress or unwind
after shifts. High sereen time, particularly during evening or night
hours, has been associated with disruptions in sleep patterns, delayed
sleep onset, and circadian rhythm disturbances (Chang et al., 2015;
Exelmans & Van den Bulck, 2016). Moreover, extended screen
exposure especially at night can negatively impact melatonin secretion
and sleep quality, which is a concern for shift workers already prone to

circadian disruption (Wright et al., 2013).

Table 4.11.1 presents the association between chronotype categories—
Moderate Evening, Intermediate, Moderate Momning, and Definite
Morning types-and various dietary intake parameters in rotational shift
workers. The results demonstrated statistically significant variations in

multiple dietary components across different chronotypes.
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Section 4.11 — Association of Dietary Intake with Chronotype
among Shift Workers

Table 4.11.1 Association of Chronotype Categories and Dietary
Intake of Rotational Shift Workers

Moderate | Moderate Definite
Parameters(g/ml) Intermediate
Evening Morning Morning
p values
Total Calorie Intake
0.046 2.14E-06 1.2BE-17 6.18E-14
(kcal)
Total Carbohydrate 0.126 0.00 2.20E-08 0.00
Total Protein 0.021 | 3.95E-10 1.21E-29 5.35E-29
Total Fat 0.078 | 3.26E-07 2.27E-24 1.14E-26
Total Fiber 0.114 | 2.17E-17 2.67E-61 2.13E-61
Consumption of |
0.010 5.26E-07 5.75E-28 4.90E-27
Cereals
Consumption of
0.204 6.32E-05 3.13E-13 1.38E-12
Pulses and Legumes
Consumption of
Green Leafy 0.182 0.002 1.20E-13 1.94E-13
Vegetables
Consumption of Roots '
0.132 2.01E-06 1.22E-16 6.12E-16
and Tuber
Consumption of Other
0.230 0.503 0.00 7.66E-13
Vegetables
Consumption of
0.177 0.001 1.31E-06 0.00
Fruits
Consumption of Milk '
0.403 0.00 2.94E-19 2.74E-15
and Milk Products
Consumption of Fats '
0.166 5.74E-07 2.712E-20 2.15E-20
and QOils
Consumption of Nuts | _ _
0.008 2.79E-06 (.929 1.68E-16
and Seeds
Consumption of Sugar 0.298 | 0.0001 0.0001 2 A9E-06
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1. Total Calorie, Macronutrient, and Fiber Intake

Participants with Definite Morning and Moderate Moming chronotypes
had significantly lower p-values for total calorie intake (p = 6.18=<10"
and p = 1.29=10°"7, respectively). indicating a strong association
between morningness and energy intake. Similarly, total carbohydrate,
protein, and fat intake was also highly associated with moming
chronotypes, especially the Moderate Morming and Definite Morming

types (all p < 0.001).

Fiber intake followed the same pattern, with the strongest association
observed in morning types (p = 2.13=10™* for Definite Morning).
These findings suggest that individuals with a morning preference tend
1o have healthier and more consisient ealing patterns, possibly aligning

better with circadian rhythms.

This aligns with findings by Kantermann and Roenneberg (2009), who
noted that individuals with earlier chronotypes typically consume more
balanced diets and eat meals earlier in the day, which corresponds with

more optimal metabolic regulation.

2. Consumption of Food Groups

Consumption of cereals, pulses and legumes, green leafy vegetables,
roots and tubers, fruits, and milk products was significantly higher in
morning chronotypes {(all p < 0.001), showing that these individuals
were more likely to consume nutrient-dense, wholesome food items.

For instance;

Cereal consumption was most strongly associated with Moderate

Morning (p = 5.75=107#),

Pulse and legume intake was also significantly associated with both

Moderate and Definite Morning groups.
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Fruit and vegetable intake, especially green leafy vegetables, had p-
values as low as 1.94=10" in Definite Morning types, showing a

distinct trend of healthier dietary choices among early chronotypes.

This could be attributed to better adherence to structured meal timings
and greater dietary awareness in morning types. Wirth et al. (2014) also
found similar trends, where morming chronotypes had healthier dietary

habits compared to evening chronotypes.

3. Discretionary Food Intake

Interestingly, sugar and fat intake. though significant across all groups,
showed higher association wvalues for Intermediate and Moderate
Moming types, hinting at some variability in less healthy food
consumption patterns even among early chronotypes.

Nuts and seeds consumption did not show a strong association with
chronotype in the Moderate Morning group (p = 0.93), suggesting that
this food group may be consumed uniformly regardless of circadian

preference.

70



Table 4.11.2 Association of Chronotype Categories and Dietary Intake of

Regular Shift Workers
Moderate Moderate Definite
Parameters(g/ml) Intermediate
Evening Morning Morning
p values
Total Calorie Intake
0 1.11E-08 1.64E-33 3.75E-22
(kcal)
Total Carbohydrate 0 6.78E-08 1.94E-33 3.54E-21
Total Protein 0 5.91E-06 I.L11E-19 1.55E-11
Total Fat 0 8.23E-07 2.68E-17 3.28E-10
Total Fiber 0 0.006 1.21E-05 9.45E-06
Consumption of
0 4, 18E-07 1.10E-30 8.28E-20
Cereals
Consumption of
0 1 40E-06 4.22E-14 3.19E-10
Pulses and Legumes
Consumption of
Green Leafy 0 T.15E-15 2.21E-42 7.63E-36
Vegetables
Consumption of Roots
0 0.00 3.72E-18 3.14E-14
and Tuber
Consumption of Other
0 0.90 1.43E-07 1.91E-11
Vegetables
Consumption of
0 0.037 T.42E-05 0.00
Fruits
Consumption of Milk
0 J.6TE-06 2.44E-17 4.71E-18
and Milk Products
Consumption of Fats
0 1.24E-08 J1T7E-21 1.21E-16
and 0il
Consumption of Nuts
0 0.00 T.ORE-67 5.96E-29
and Seeds
Consumption of Sugar 0 3.23E-05 1.38E-05 2 45E-07

71




Table 4.11.2 presents the association between chronotype categories—
Moderate Evening, Intermediate, Moderate Mormning, and Definite
Morning types—and the dietary intake patterns among regular shift
workers, based on p-values reflecting statistical signiticance.

1. Macronutrient Intake

A highly significant association was observed between chronotype and
total calorie intake, particularly among the Moderate Morning (p =
1.64x107*) and Definite Moming types (p = 3.76x1072%). Similar
trends were noted for carbohydrates, protein, and fat intake, with p-
values indicating strong statistical significance for moming
chronotypes:

Carbohydrates: Moderate Morning (p = 1.94x1073%), Definite Morning
(p=3.54x10"1)

Protein: Moderate Moming (p = 1.11x10"), Definite Moring (p =
1.55=1071)

Fat: Moderate Morming (p = 2.68=<107"), Definite Momning (p =
3.29x107™

This trend suggests that morning chronotypes, particularly Moderate
and Definite Morning types, follow more structured eating patterns,
possibly due to better alignment with circadian rhythms. Studies have
reported that early chronotypes tend to maintain consistent meal
timings and make more balanced food choices (Roenneberg et al,
2012; Wirth et al., 2014).

2. Fiber Intake

Although the Moderate Ewvening group showed no significant
association (p = 0), other chronotypes, especially Moderate Morning (p
= 1.21=107%) and Definite Morning (p = 9.45=107%), showed significant
associations with fiber intake, implying that individuals with early
chronotypes may be consuming more fibrous food sources, hikely due
to healthier food preferences,

3, Consumption of Core Food Groups

The intake of cereals, pulses, green leafy vegetables, fruits, and milk
showed highly significant associations with morning chronotypes,

particularly:
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Cereals: Moderate Morning (p = 1.10x107*")

Green leafy vegetables: Moderate Morning (p = 2.21=107*), Definite

Morning (p = 7.63x107%)

Pulses and legumes: Moderate Morning (p =4.22x107'%)

Milk and dairy: Moderate Morning (p = 2.44=107")
Such food items are often linked to higher diet quality and
micronutrient sufficiency. The results are consistent with the findings
of Lucassen et al. (2013), who emphasized that morning types are more
likely to consume nutrieni-dense diets due to routine and earlier meal
timing.
4. Roots, Tubers, and Vegetables
The intake of roots and tubers and other vegetables was significantly
associated with morning chronotypes (e.g., p = 3.72=10™" for
Moderate Morning), while Moderate Evening types again showed no
significant  association, indicating their lower consumption or
inconsistent eating patterns,
Interestingly, other vegetable intake showed minimal association with
the Intermediate group (p = 0.90), suggesting less variation in intake
across non-morning types.
5. Discretionary Foods
Ewven in the case of discretionary foods like:

Sugar (p = 1.38x107 for Moderate Morning)

Fats and o1ls (p = 3.18x10°2")

Nuts and seeds (p = 7.08=<1077)
significant associations were found for Moderate and Definite Moming
types. This may reflect a better-regulated intake of fats and added
sugars among early chronotypes. However, the significant results might
also point toward controlled consumption rather than elimination,

hinting at awareness and moderation.
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Section 4.12 — Chrono-nutrition Profile of Shift Workers

Table 4.12.1 = Chrono-nutrition Profile of Shift Workers

Chrono- Rotational Shift Regular Shift

nutrition Profile Workers Workers
N(%) N(%)

Good 4 (4) 9(9)

Fair 30 (30) 47 (47)

Poor 66(66) 43 (43)

Table 4.12.1 shows that of about 66% of rotational shift workers has
poor chrono-nutrition profile as compared to regular shift workers
being 43%.This indicates that many rotational shift workers having
night eating, breakfast skipping .having dinner as largest meal as
compared to regular shift workers having lunch as largest meal of the

day, less meal skipping,

Table 4.12.2 Association of Chrono-nutrition profile and BMI

BMI Classification Rotational Shift Workers Regular Shift
Workers
p value®
Underweight 4.75E-11 5.8E-12
Normal 5.56E-30 1.O1E-43
Overweight 1.78E-17 2.26E-20
Obese 8.6E-43 8.2E-60

p-value is based on an Independent t-test analysis

*p-value <0.03 is considered to be a significant level
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This table presents the statistical association between BMI classifications and the
chrono-nutrition profile among rotational and regular shift workers, with p-values
highlighting the strength of these relationships across different BMI categories: normal,

overweight, obese, and underweight.

1. Underweight Category

Interestingly, underweight status was significantly associated with
chrono-nutrition profiles in both groups—rotational (p = 4.75x%107"")
and regular (p = 5.8x10°'%). This might suggest that not only excessive
calorie intake but also irregular and insufficient intake linked to
circadian disruption contributes to poor nutritional status at both ends
of the weight spectrum. Studies have shown that circadian
misalignment can lead to appetite suppression. poor digestion. or
unintentional fasting in some individuals, contributing to underweight

status { Taheri & Arabameri, 2012).

2. Normal BMI

Among both rotational shift workers (p = 53.56x107°") and regular shift
workers (p = 1.01=107*), individuals with normal BMI showed highly
significant associations with their chrono-nutrition profiles. This
suggests that individuals maintaining a normal BMI likely have better-
aligned eating and sleeping schedules, which are more consistent with
their internal circadian rhythms. Prior research supports  this
connection; individuals with better circadian alignment tend to
maintain healthier body weights and better metabolic regulation
(Roenneberg et al., 2012; Garaulet & Gomez-Abellan, 2014).

3. Overweight Category

The overweight category also demonstrated strong associations—p =
1.78x10°"" for rotational and p = 2.26x107** for regular shift workers.
These values support the hypothesis that even a modest deviation from
normal BMI may be influenced by disrupted chrono-nutritional

behaviors and irregular schedules.
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4. Obese Category

The association between chrono-nutrition and obesity was also
extremely significant in both groups—rotational (p = 8.6=107") and
regular (p = 8.2x107) workers. This finding indicates that disrupted
chrono-nutritional behaviors (e.g., irregular meal timing, eating late at
nmight, or skipping breakfast) may be strongly linked to increased
obesity risk, regardless of shift pattern. Shift work. particularly when
coupled with circadian misalignment, has been consistently associated
with higher BMI and obesity due to altered hormonal regulation and
metabolism (Antunes et al., 2010; Spiegel et al., 2004).

Owerall, all BMI categories demonstrated statistically significant
associations with chrono-nutritional profiles in both shift groups.
However, the p-values were even stronger among regular shift workers
for obesity and overweight status, possibly suggesting that even
without rotating schedules, poor chrono-nutritional habits (e.g., eating
late, skipping meals) can still cause misalignment and weight gain.
Conversely, rotational shift workers may face more vanability in meal
timing and quality, potentially contributing to extremes like
underweight or obesity.

These findings align with the chronobiological framework, which
emphasizes the importance of eating in synchrony with the body's
internal clock. Misalignment between internal circadian rhythms and
behavioral cycles (like eating and sleeping) is now widely recognized
as a risk factor for metabolic disturbances and weight abnormalities

(Pot et al., 2016; Jakubowicz et al., 2013).
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Table 4.12.3 Association of Chrono-nutrition profile and Body

Composition of Shift Workers

Table 4.12.3(a) - Association of Chrono-nutrition profile and Body

Fat distribution among Shift Workers

Total Body Fat ) ) Regular Shift
Rotational Shift Workers

Classification Workers
p value*
Low 7.9E-24 1.08BE-09
Normal 2.32E-37 4.65E-32
High 2.65E-61 3.4E-73
Very High 0.08519 0
p-value is based on an Independent t-test analysis
*p-value =0.05 is considered to be a significant level

This analysis examines the relationship between total body fat
percentage classifications and the chrono-nutrition profiles of rotational
and regular shift workers, using p-values to determine statistical
significance across different fat categories: low, normal, high, and very

high.
l. Low Body Fat

The association between low body fat and chrono-nutrition profile was
statistically significant for both rotational shift workers (p = 7.9x107)
and regular shift workers (p = 1.08%1077). These values indicate that
individuals with lower body fat tend to follow more aligned chrono-
nutritional behaviors. This may include meal timing that synchronizes
better with the body's internal clock (e.g., avoiding late-night eating,
regular breakfast consumption), which has been shown to support

healthier fat composition (Garaulet et al., 2013).
2. Normal Body Fat

A highly significant association was also observed in those with

normal total body fat, with p = 2.32x107 for rotational and p =
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4.65%100* for regular workers. This further supports the idea that
maintaining circadian-consistent eating habits may help preserve a
healthy fat percentage. Chrono-nutritional alignment—particularly
eating the majority of calories earlier in the day—has been positively
associated with better lipid metabolism and reduced fat storage
(Jakubowicz et al., 2013).

3. High Body Fat

The high body fat category demonstrated the strongest statistical
significance: p = 2.65=107° for rotational and p = 3.4=107 for regular
shift workers. These findings underscore the profound relationship
between poor chrono-nutritional habits and increased body fat
percentage. Irregular meal timing, frequent nighttime eating, and social
jetlag can contribute to altered hormonal rhythms (e.g.. leptin and
ghrelin), leading to increased fat accumulation (Roenneberg et al.,
2012; Arble et al., 2009),

4, Very High Body Fat

Interestingly, while the regular shift group showed a statistically
significant association with very high body fat (p = 0), the rotational
group did not reach significance (p = 0.08519). This may suggest that
in regular shifts, consistent yet misaligned dietary habits (e.g., habitual
late dinners or skipping breakfast) can stll contribute to excessive fat
gain. In rotational workers, variability in shift timing might diffuse this
effect, or the sample size in the “very high” group may have limited

statistical power.
Owerall Interpretation

Chrono-nutritional misalignment appears to be a key driver in body fat
abnormalities, not only in rotational but also in regular shift workers.
The highest levels of significance were consistently found in the high
fat category, aligning with existing literature that links disrupted eating
patterns and circadian misalignment with increased adiposity,

independent of total caloric intake (Almoosawi et al, 2016: Froy,
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2010). These findings reinforce the need for chrono-nutrition-based

interventions to help mitigate fat accumulation and associated

metabolic risks.

Table 4.12.3(b) - Association of Chrono-nutrition profile and Visceral Fat

distribution among Shift Workers

Visceral Fat Regular Shift
Rotational Shift Workers

Classification Workers
p value*
Normal 0.362 0.051
High 2.97E-21 1.0OSE-30
Very High 4.06E-06 5.32E-16
p-value is based on an Independent t-test analysis
*p-value =0.05 is considered to be a significant level

Table 4.11.3(A) presents the relationship between visceral fat
distribution classifications (Normal, High, Very High) and chrono-

nutrition profiles among rotational and regular shift workers
1. Normal Visceral Fat

The association between normal visceral fat and chrono-nutrition
profile was found to be statistically non-significant for both rotational
shift workers (p = 0.362663) and regular shift workers (p = 0.051528).
This indicates that, in individuals with normal wvisceral fat, chrono-
nutrition variables may not play a major differentiating role. It may
suggest that some individuals, despite shift work, maintain metabolic
stability possibly through compensatory mechanisms like consistent

physical activity or better sleep hygiene (Knutsson, 2003).
2. High Visceral Fat

There is a highly significant association observed between high
visceral fat levels and chrono-nutrition misalignment in both rotational
(p = 2.97=10) and regular shift workers (p = 1.05x10). This strong

significance aligns with prior research indicating that eating during
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circadian misaligned hours (such as late-night meals common in shift
workers) contributes significantly to fat accumulation, particularly
visceral fat (Arble et al., 2009; Froy, 2010). Visceral adiposity is
closely linked to increased cardiometabolic risk, and chrono-nutritional
behaviors such as irregular meal timing, skipping breakfast, and night

eating have been implicated in exacerbating this risk.
3. Very High Visceral Fat

Similarly, the very high visceral fat category also showed a significant
association for both groups—rotational (p = 4.06%107%) and regular
shift workers (p = 5.32x107'°). These findings suggest that as visceral
adiposity increases, the degree of chrono-nutritional disruption
becomes more pronounced. A growing body of evidence supports the
idea that metabolic consequences of visceral fat are influenced not just
by caloric intake but also by when food is consumed, especially in
relation to internal circadian rhythms (Garaulet et al., 2013; Zimberg et
al., 2012).

The findings demonstrate a strong association between elevated
visceral fat levels and disrupted chrono-nutrition patterns in both
rotational and regular shift workers. Though regular shift workers
maintain consistent timing, the alignment of meal timing with their
endogenous circadian rhythm may still be poor, leading to negative
outcomes similar to rotational shift workers, This supports the
hypothesis that chrono-nutritional misalignment s a shared risk factor

across all types of shift work, and not just exclusive to rotational shifts.
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Table 4.12.3(¢) - Association of Chrono-nutrition profile and

Skeletal Muscle distribution among Shift Workers

Skeletal Muscle Regular Shift
Rotational Shift Workers

Classification Workers
p value*
Low 5.33E-27 1.98E-30
Normal 6E-115 8E-117
High 1.01E-09 0.030
Very High 2.02E-09 74E-06
p-value is based on an Independent t-test analysis
*p-value <0,05 is considered to be a significant level

This section analyzes the relationship between skeletal muscle mass
classifications (Low, Normal, High, Very High) and chrono-nutrition
profile across rotational and regular shift workers using p-values

derived from Independent t-test analysis.
1. Low Skeletal Muscle Mass

A statistically significant association was observed between low
skeletal muscle mass and chrono-nutrition patterns in both rotational (p
= 5.33=107*") and regular shift workers (p = 1.98x107*). This suggests
that workers with poor chrono-nutritional alignment—such as irregular
meal timings or skipping meals—may be at increased risk for muscle
mass depletion. Disruption in circadian-regulated metabolic processes
can impair protein synthesis and muscle repair, especially in shift
workers who often consume food at biologically inappropriate times

(Cedernaes et al., 20135).
2. Normal Skeletal Muscle Mass

The strongest association was found in the normal skeletal muscle
category for both rotational (p = 6x107'"%) and regular shift workers (p
= 8=107""7), indicating that individuals with normal muscle distribution

tend to follow more aligned or stable chrono-nutritional habits. This
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could reflect protective effects of meal timing and quality in preserving
muscle mass, even among workers exposed to circadian disruptions.
Consistency in food intake and adequate protein consumption during
biologically optimal windows supports muscle maintenance (Rynders

etal,, 2019).
3. High and Very High Skeletal Muscle Mass

For high skeletal muscle mass, the association remained significant in
both groups (p = 1.01=10* in rotational workers and p = 0.030007 in
regular  workers), though the magnitude of association was
comparatively lower in the regular group. Similarly, very high muscle
mass was significantly associated with chrono-nutrition in rotational (p
= 2.02x107") and regular shift workers (p = 7.4x107°). These findings
indicate that even among those with higher skeletal muscle mass, the
role of nutrient timing and circadian alignment may influence muscle

composition and metabolism.
Owerall Interpretation

The findings suggest that skeletal muscle distribution is significantly
influenced by chrono-nutrition behaviors in both rotational and regular
shift workers. Rotational shift workers, due to their irregular and
misaligned eating patterns, may be more vulnerable to reductions in
muscle mass. On the other hand, maintaining regular, circadian-aligned
dietary habits may be protective and help retain muscle integrity even

under shift work conditions.
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Table 4.12.6 Association of Chrono-nutrition profile and Physical Activity
of Shift Workers

Physical Activity Rotational Shift Workers Regular Shift

Level Workers

p value*

Low 3.06E-05 4E-07

Moderate 6. 14E-20 3.79E-16

High 1.03E-06 0.000

Low 3.06E-05 4E-07

p-value is based on an Independent t-test analysis

*p-value <0.05 is considered to be a significant level

Table 4.12.6 presents the association between physical activity levels (low, moderate,
and high) and chrono-nutrition profiles among rotational and regular shift workers.

Independent t-test analysis was used to determine statistical significance.
1. Low Physical Activity

The data showed a statistically significant association between low physical activity
and chrono-nutritional patterns in both rotational (p = 3.06x107°) and regular shift
workers (p = 4x1077), This suggests that workers exhibiting misaligned ecating
behaviors—such as delayed meals, irregular meal timing, or nighttime snacking—
may also engage in insufficient physical activity. Chrono-nutritional disruption has
been linked with increased fatigue and reduced motivation to engage in exercise (Loef

& Walach, 2013), contributing 1o a more sedentary lifestyle in shift workers.
2. Moderate Physical Activity

A highly significant relationship was observed between moderate physical activity
and chrono-nutritional behavior in both groups (p = 6.14=107 for rotational; p =
3.79«<107'% for regular workers). Individuals engaging in moderate activity may
maintain more consistent routines in terms of meal timing and daily structure, which
can positively influence metabolic outcomes. Moderate activity has also been
associated with improved sleep and better alignment of the biological clock (Zambon

et al., 2003), both of which are key components of chrono-nutrition.
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3. High Physical Activity

The association between high physical activity and chrono-nutrition was also
significant in both rotational (p = 1.03=107%) and regular shift workers (p = 0.000225),
Despite the challenges shift workers face, those with better chrono-nutritional
alignment may also prioritize structured physical routines. Physical activity,
particularly when performed during the biological daytime, helps reinforce circadian
rhythms and can reduce the adverse metabolic effects of shift work (Yamanaka et al.,

2020).
Overall Interpretation

The consistent and statistically significant associations between chrono-nutrition
profiles and all physical activity levels in both shift worker categories emphasize the
interconnectedness of lifestyle behaviors. Poor alignment of eating patterns can
influence energy levels, motivation, and metabolic health, which in turn affects
physical activity engagement. Conversely, those maintaining structured chrono-
nutritional patterns may also display higher activity levels, suggesting the potential for

integrated lifestyle interventions.
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SUMMARY AND CONCLUSIONS

The present study titled "To Study the Chrono-nutrition Profile of
Rotational and Regular Shift Workers" was undertaken to assess the
impact of shift schedules on the circadian alignment, dietary behavior,
body composition, physical activity, sleep quality, stress, and overall
chrono-nutrition patterns of industrial workers in Vadodara, Gujarat. The
emergence of chrono-nutrition as a scientific field has emphasized the
significance of not only what and how much we cat. but also when we
eat by our biological rhythms. Disruption in meal timing, especially
among shift workers, has been associated with misalignment of
circadian rhythms, resulting in metabolic. psychological, and lifestyle-

related disorders.

Shift work is now a permanent fixture in the global workforce,
particularly in industrial, healthcare, and service sectors. In the Indian
context, however, limited research has focused on the chrono-nutrition
behavior of industrial shift workers. This study aimed to bridge this gap
by systematically analyzing various aspects of chrono-nutrition and
circadian health among workers following rotational and regular shift

schedules.

This cross-sectional study was conducted among 200 male participants,
with 100 individuals each from rotational and regular shift groups. Data
collection involved structured questionnaires and validated tools to
assess multiple domains including anthropometry, dietary intake, sleep
patterns, physical activity, screen and sitting time, stress, and chrono-
nutrition behaviors. Body composition was measured using Omron
Body Composition Monitor, dietary intake was analyzed using a three-
day 24-hour dietary recall method and Nutrical software, and chrono-
nutrition was scored using a six-parameter profiling tool. Chronotype
was assessed using the Morningness-Eveningness Questionnaire and
MCTQ Shift, while sleep quality and stress were evaluated using PSQI
and PSS, respectively.
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4,

Major Findings of the Study
Socio- Demographic Information

Results highlighted notable socio-demographic differences between the
two groups. Rotational shift workers were mostly younger (18-28
years), while a significant proportion of regular shift workers were over
40 years of age. Most participants across both groups had secondary-
level education, with a slightly higher number of graduates in the regular
shift group. Rotational workers were predominantly in supervisory roles,
whereas regular shift workers occupied a more diverse range of

positions, including administrative roles.
2. Nutritional Status

In terms of nutritional status, obesity was highly prevalent in both
groups, with slightly higher proportions among regular shift workers. A
greater percentage of regular shift workers also fell into the "very high"
body fat category, accompanied by higher visceral fat levels. In contrast,
skeletal muscle mass was lower in regular shifl workers, suggesting
reduced physical activity and greater sedentary behavior. Rotational shift
workers had slightly better muscle composition, likely due to more

physically demanding work routines.
Diet Information

Dietary patterns showed that a majority of both groups depended on
workplace canteens for meals. However, regular shift workers had
greater access to home-prepared meals and reported more dietary
diversity. Meal skipping was more common among rotational shift
workers, and they also reported higher frequencies of late-night eating,
nregular eating windows, and breakfast skipping—all of which

contributed to poor chrono-nutrition scores.

Chronotype and Chronodisruption
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The chronotype analysis showed that morning chronotypes were
dominant in both groups. However, despite having an early chronotype,
rotational shift workers showed higher levels of chrono-disruption due
to inconsistent schedules. Night shift workers exhibited the most
significant sleep debt and social jetlag, while morning and evening shifts
had lesser but still notable circadian misalignments. Chrono-disruption
was significantly associated with age and commuting time in some shift
categories, and a positive correlation between sleep duration on free days
and chrono-disruption was observed particularly among evening shift

workers.
Stress and Sleep Quality

Stress levels were moderate in the majority of participants across both
groups, though high stress was more reported among regular shift
workers. Sleep quality was significantly poorer among rotational shift
workers, with 78% reporting disturbed or insufficient sleep. The
association between stress and poor sleep was statistically significant in
the rotational group, indicating the compounded burden of irregular

schedules on psychological and sleep health.
Physical Activity and Sedentary Behaviour

Rotational shift workers showed better physical activity levels, with a
higher percentage reporting moderate to high activity. However, both
groups demonstrated prolonged sitting durations during and outside
working hours, placing them at medium-to-high risk for sedentary
lifestyle-related complications. While rotational workers had more
physically active shifts, their off-duty time often included long rest
periods that added to sedentary time. Regular shift workers, although
having better sleep and more structured routines, experienced lower

physical activity and higher adiposity.
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7. Screen time

The assessment of screen time among rotational and regular shift
workers reveals distinet usage patterns. Rotational shift workers reported
more moderate screen time on weekdays, while regular shift workers
showed higher very high screen time. Nighttime screen exposure was
notably greater among rotational workers, likely due to their shift
schedules. Both groups exhibited increased screen time during
weekends, reflecting a common trend of elevated recreational screen use
during non-working days.

These findings suggest that irregular work patterns contribute to varying
screen use habits, with rotational workers showing more fluctuation.
Elevated screen time, particularly during evenings and nights, poscs
risks to sleep quality and circadian health. Addressing screen habits
among shift workers is essential to mitigate potential health impacts and

promote better sleep hygiene.

Chronotype and Dietary Intake Association

The analysis revealed clear differences in the association between
chronotype and dietary intake across rotational and regular shift
workers.

Among rotational shift workers, Moderate and Definite Morming
chronotypes showed a strong association with healthier dictary
patterns—higher intake of calories, macronutrients, fiber, and core food
groups such as cereals, pulses, fruits, and vegetables. However, some
irregularities were noted in discretionary food intake, and nuts and seeds
consumption showed weak or inconsistent association across
chronotypes.

In contrast, regular shift workers demonstrated even stronger and more
consistent associations across nearly all dietary parameters. Morning
chronotypes in this group exhibited highly significant p-values,

particularly in the intake of nutrient-dense and fiber-rich foods. Unlike
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rotational workers, regular workers showed clearer regulation of
discretionary food intake across chronotypes,

In summary, while both groups showed that morning chronotypes tend
to follow healthier eating habits, the associations were stronger and more
consistent in regular shift workers, likely due to their more stable
schedules. Rotational shift workers, with more irregular routines,
showed greater vanability, highlighting the need for tailored dietary
interventions that consider both chronotype and shift type to support

optimal health.

Chrono-nutrition Profile and Nutritional Status Association

This comprehensive analysis establishes a strong and consistent
relationship between chrono-nutrition profiles and various indicators of
nutritional status—including BMI, total and visceral fat, and skeletal
muscle mass—across both rotational and regular shift workers.

While rotational shift workers face greater physiological stress due to
irregular work hours and meal patterns, regular shift workers are not
immune. Even routine schedules, when paired with circadian-
incongruent eating habits, pose significant risks to metabolic and body
composition health.

Across all nutritional indicators, better alignment of meal timing with
circadian thythms consistently correlated with healthier outcomes.
Conversely, misaligned eating patterns—common in both shift types—
were linked to adverse outcomes such as overweight/obesity, increased
fat deposition, and muscle mass depletion.

These results provide strong support for implementing chrono-nutrition-
focused interventions tailored to shift type and individual chronotype.
Such strategies could include promoting early-day eating, regular meal
timing, minimizing night-time food intake, and aligning meals with
biological rhythms to optimize metabolic health and reduce chronic

disease risk among shift workers.
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10. Chrono-nutrition Profile and Physical Activity Level Association:
This study reveals a strong association between chrono-nutritional
patterns and physical activity levels in both rotational and regular shift
workers.Low physical activity was linked with nusaligned eating
behaviours, likely due to fatigue and disrupted circadian rhythms.
Moderate and high activity levels were associated with better-aligned
meal timing and healthier daily routines.

Conclusion

These findings highlight the interconnectedness of eating timing and
physical activity. Shiflt workers with structured chrono-nutritional habits
tend to be more active, while poor alignment often leads to sedentary
behavior.

Recommendations:

e Promoting regular meal timing in sync with circadian rhythms

« Encouraging moderate-to-high physical activity, preferably during the
day.

« Implementing lifestyle interventions that integrate both movement and
nutrition timing.

Such strategies can improve metabolic health and well-being in shift-
working populations.In conclusion, the study highlighted the differential
impact of shift schedules on the nutritional, circadian, and lifestyle
parameters of industrial workers, Rotational shift workers exhibited
higher chrono-disruption, meal skipping. and sleep disturbances despite
being vounger and more physically active. Regular shift workers, on the
other hand, showed greater adiposity., lower physical activity, and higher
stress levels. Both groups displayed vulnerabilities associated with their
respective shift patterns. These findings emphasize the importance of
designing workplace wellness interventions that align with shift-specific
challenges. Such interventions could include chrono-nutrition education,
strategic meal planning in industrial canteens, sleep hygiene training,
stress management, and personalized shift scheduling based on
individual chronotype and age. Promoting circadian health in industrial
settings 18 essential to improving the long-term metabolic and

psychological well-being of the workforce.
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ANNEXTURE 11
CONSENT FORM
Consent Form (English)
This informed consent form 15 for shift workers with regular and rotational shifts from
Vadodara whom we are inviting to participate in research, titled “STUDY ON
CHRONO-NUTRITION PROFILE OF ROTATIONAL AND REGULAR
SHIFT WORKERS”
Research Guide-
Dr. Suneeta Chandorkar
Assistant Professor
Department of Foods & Nutrition
Faculty of Family and Community Science
The Maharaja Sayajirao University of Baroda
Investigator-
Anjali Solanki
Student, M.Sc. Dietetics
Department of Foods & Nutrition
Faculty of Family and Community Science
The Maharaja Sayajirao University of Baroda
Introduction:
I, Anjali Solanki am pursuing M.Sc. from the Department of Foods and Nutrition of
the Maharaja Sayajirao University Baroda. My research Project is titled “*STUDY ON
CHRONONUTRITION PROFILE OF ROTATIONAL AND REGULAR SHIFT
WORKERS".
I am going to give you information and invite you to participate in this research.
Before you decide, you can talk to anyone you feel comfortable with about the
research. This consent form may contain words that you may not understand. Please
ask me to stop as we go through the information, and 1 will take time to explain. If
you have questions later, you can ask me again,
Purpose of the research:
Shift work is an essential component of the global workforce, with 20% of
industrialized nations working outside of business hours. Whilst there 1s no standard
definition of shift work, it generally refers to non-standard work schedules. Shift work

necessity is primarily driven by the 24/7 economy, and is likely to increase due to the
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pexpansion of globalisation (Bucher Della Torre et al. 2020; Cheng and Drake 2018
Wong et al. 2019). However, it has disrupted shift worker’s circadian rhythm and
affected health. The WHO has added night shift workers to its list of probable
CArCINOZEns.

We want to find the correlation of shift workers with rotational and regular shit
workers with Chrono nutrition. We believe that you can help us by telling us about
vour diet patterns, sleep patterns, activity patterns and health practices in general.
Type of Research Intervention:

This research will involve questionnaires which you will have to fill out and will take
hall an hour to One hour.

We will need the following information from vou:

Diet Information, Physical Activity data, Screen Time data, Data regarding Stress,
and Data related to Sleep. (Using the standard questionnaire and interview method)
Anthropometric data (Height, Weight, Waist to Hip Ratio)

Voluntary Participation:

Your participation in this research is entirely voluntary. It is your choice whether to
participate or not.

Procedures: You need to fill out a questionnaire which will be provided and
collected by Anjali Solanki. You may answer the questionnaire yourself, or it can be
read to you and you can say out loud the answer if you want me to write it down.

If you do not wish to answer any of the questions included in the survey, you may
skip them and move on to the next question. The information recorded will be
confidential, your name will not be included on the forms, only a number will identify
you, and no one else except the research team will have access to your information.
Duration/Frequency: We will need to meet twice/thrice during the entire course of
the research project for data collection. It will take around 20 minutes * 2 meetings =
40 minutes per employee.

Risks: There is no perceived risk involved.

Benefits: There will be no direct benefit to you, but your participation is likely to
contribute toward a better understanding of the management of chrono-nutrition
during shift work.

Reimbursements: You will not be provided any incentive to take part in the research.
Confidentiality: We will not be sharing information about vou with anyone outside

of the research team. The information that we collect from this research project will
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be kept private. It will not be shared with or given to anyone except the Investigator,
Research Guide.

Sharing the Results: At the end of the study. the relevant information will be shared
with you.

Right to Refuse or Withdraw: You do not have to take part in this research if you do
not wish to do so. You may also stop participating in the research at any time even if
vou agreed earlier.

Whom to Contact: If you have any questions, you can ask them now or later. If vou
wish to ask questions later, you may contact any of the following:

Anjali Solanki (+91 9770749303; anjaliii0902@egmail.com) and Dr. Suneeta
Chandorkar (+91 9426366666; suneetachandorkar{@gmail.com)

Certificate of Consent: | have been invited to participate in research about
Chronotype, Meal and sleep patterns in shift work. I have read the foregoing
information, or it has been read to me. | have had the opportunity to ask questions
about it and any questions | have asked have been answered to my satisfaction. |

consent voluntarily to be a participant in this study.

Name of Participant

Signature of Participant

Date
Statement by the researcher/person taking consent:
I have accurately read out the information sheet to the potential participant, and to the

best of my ability made sure that the participant understands that the following will be

done

. Sociodemographic Profile Information

. Mutritional Status (Anthropometry) Data Collection
. Chrono profile information

. Diet Information and Physical Activity data

. Screen Time. Stress and Sleep Data Collection
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I confirm that the participant was allowed to ask questions about the study, and all the
questions asked by the participant have been answered correctly and to the best of my
ability. I confirm that the individual has not been coerced into giving consent, and the
consent has been given freely and voluntarily.

A copy of this ICF has been provided to the participant

Name of Researcher/person taking the consent,

Signature of the Researcher /person taking the consent

Date
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Consent Form (Hindi)

g gfd wenfy B ame ¢k AewHd Rive are e sfire! & fore 8, e
&1 SHYF H 4N A4 & fou sl w1 R 7. e wide 8 e ok
W vd e 4fire! & S0 MwTsd R g

ﬂ'ﬂ#"'ﬂ?ﬁa’:

1. gt deRe?

HETa® WY

@Y 3R T fFum

URER 3R e A Iam

HERTS TareiRTg fayfaera aeie

JAud-

3ioTelt et

TH. THH. 3TER 49 & o1
AT 3R Ty faur

ufaR 3R e fagm dem
HERTST gareivg Ayl asiar

uf¥=a:

#H el Hicie!, HeRTeT wariRG fayfaey s8iar & @ ok uwo fawn 4
oY, U #Y @ g1 O Wiy oRdieE &1 Sive 8 e ok 9 e e
oIl & BRI UIhTEd IR 3fTH" |

H 3MUP! TSR & I g1 § SR MU 39 My H 1T A4 & o smdfa &
o ¥ g1 [l @9 ¥ ugd, o Wiy & gR H e ¥ ot 919 Y 9&d ¢ ol
317 gl Hegy $3d 81 39 Tgufa v & U weg &) Uabdl € RO o1y wwet -1l
T ¢ | PO T3 TH & (00 g i gF TSR] & J1e0H § 91 8, 3R &
A & forg v ot | afd smues oy &g # 18 wy 8, @l 3y ge iR ¥ um
uehd g
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MY HTILL:

fRrge o e Fdaa &1t smawge yi g, fred 20 uftwa siafie 2o
AGIRE Hel O 98T H1H Hid ¢ | geie e o1 &1 $E 7= aivdm T8t
2 U8 oM™ dR W R-OAs 1 g & defifd swar 21 B s #it
HEAIH A HBT w0 Y 24/7 feqawy gR1 Janferd gt 8, 3R aefiev & fawar
& PRI T DI HUE | (FE= ST TR UT Hel 2020; T AR SF 201%; AT T
3d 2019) BTAD, 39 Rt HHaR &1 Sifge TRk vt & Tifta #= fRar § ok
wea 1 guifad e 81 ssguae. 3 3 ot Bioe ¥ a9 $ 9l &
Fuifaa efd-req &t so-t gt § wnfae o 81 89 St oo & 91y e
3R o Riwe uftres! & Teddy ®Y Qo drgd 1 §HRI 7 § 6 oy gd
I HER & ddp, Afg & e, mfafdfy F FF iR gmm wu @ @Ry
U3l & R § Gdlh? gHRI Hag & Tdhd & |

&4 3o FPrafaf@d araerd 3t sragaear enft: MR #1 orHe, Ihiies
fafafd Ser, BhiH ergH, a1d & IR H &R g O J&fda el (wHe uyrad iR
e R fafd &1 Suai e gu) GiAfes Se1 (Gars. ao, IR @) W)
wafess unftert: s iy & smuet wrfterd off ave @ wWiss g1 umag
-Tel, g S9! uHg g

ufshard: Ul U uyTaci YR enft off siwTelt Gicie! gRT ueH 3R UHhd &t
STt | 3419 uyTael @1 TR W € Yo 8, U1 38 TS U ol Ul & 3R afe
3 =Ted € b o 39 for@ ¢ df oy SR ¥ o ¢ o g1 afe g wdemn o
it fapdt oft wy &1 IR 81 &A1 9Ted . |l 34 3% OIS dhd & SR 3T Uy
W 3T 9g HEHd &l &l Bl 78 SHGR] MU= gRH, MUt 9 wo= § nfid
Te! foran ST, Sha U HEAT STU! Uga Hifl, 3R 2Ny & & sreiral fobdt
3R P U IS FHGR db Ugd 18] ghit|

rafiyemghy: g6 Se1 W8 & fow srEy™ uREieT & @ uregsH & SR &l
SR o ghm |

wiferm: 39 &3 S sifew b 78
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ATY: ST H13 Tiem a7 g, Al gt uriert | Rige 1 & gRA
SIS NS TN & Yt &1 dgar gHe § arreH e &) @uE g1
yfagfet: e Ty H 11T A & {0 18 dree =gl fea smem|

TOAdr: 9 36 IR H AHGR] MY & & J1e3 [l & WY g 8] Hl
79 WY URASH 9 g6 Sl SHHR] U6 B § 39 el @ Sgm 38 s,
ST 1SS & 3refraT el & Ty e o fonedt 1 et fera e
giome | HA: S & 3fd H, Ui STHSR! Mud iy A= &t
et

HAT S G1 9109 o 1 TSR ofE 3ma Tur =8 S I18d ¢ of MU 39
e H I A @Y sazadal Tl 81 oy e off gem gty & yn o i e
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fFad Tud o¥: afe amud &1 uy €, df oMy 37 ol 11 91e ¥ yw wad €
af2 3y €1g | Yard YgAl 9red €, o oy PafifEa 7 @ e @ o dud @
i gl

Anjali Solanki (+91 9770749303; anjaliii0902@gmail.com) and Dr. Suneeta
Chandorkar (+91 9426366666; suneetachandorkar@ gmail.com)

weufa &1 A v 43 fRoe & &m J HiHersy, HieH 3R g & Uedf & an
o =y 7y oA & fore smifaa fosan wan g1 37 ydimdt s udl 8, ansd g
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I aTd T Hdrvee e g1 H W1 9 59 3=y | YR o4 & e 9gud
i

gfaurft &1 AW ufourft &1 gweR

ankg Yysdafagafa a9 ara safed &1 aar|
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Auld s (Gujarati)
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Questionnaire for Research Title
*Study on Chrono-nutrition Profile of Regular and Rotational Shift workers”

1. Name: 2. Contact number:
3. Age: 4. Gender: Male / Female/Others:

5. Educational Qualification:

High School
Diploma/Technical Education
Bachelor’s Degree

e NMaster’s Degree and above

6. Current Job Position:-
7. Work Shift Tvpe:

e General (Fixed)
» Rotational Shift (Changes weekly/monthly)
o Night Shift (Permanent)

8. Duration of Employment in the Current Shift:

o Lessthan | year
e 1-3 years

e 3.5 years

More than 5 years

9. Your Shift Pattern of last 7days.Write down on which dates you have which

Shift Type | Date Date Date Date - Date Date Date

(reneral

Morning

Evening

Night

Off Day

shift and off day: -
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10. Level of Physical Activity during Work Hours:

o Sedentary (Mostly sitting)

» Light (Mostly standing/walking)
Moderate (Frequent walking/standing with some lifting)
High {Continuous movement, heavy lifting)

11. Where do you usually obtain vour meals during work hours?

e Home-prepared meals
Oftice canteen
e Food delivery services
s Nearby restaurants/food vendors

12. How often do vou bring food from home to work?

s Mever

 Rarely

* Sometimes
Often

o Always

13. How often do you skip meals due to your work schedule?

»  Never

s Rarely

e  Sometimes
e Often

»  Always

A. Diet Information:

1. You are:

e Vegetarian
 FEggelarian
e Non-vegetarian

3. Which is the most important meal of the day?

Breakfast
Lunch
Snack

e Dinner
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4. Meal Pattern and Timing as per Nature of work:

Meal Meal time | Meal time | Meal time Meal time Meal time
during the | during the | during the during the | during Off
General Morning Evening shift Night shift | day
shift shift

Breakfast

Lunch

Evening

snack

Dinner

Write the time at which you eat that meal. For example, you have lunch at 11 am
during your general shift so write 11 am in meal time during the general shift section

in front of the lunch option. If vou skip any meal write No or -

D. Chronotype & Chrono Profile:

» Horne & Ostberg Morningness-Eveningness Questionnaire —

1. When would you get up if you were entirely free to plan
vour day?

On a
free
day

Ona
work
day

5:00 - 6:30 AM

6:30 - 7:45 AM
7:45-9:45 AM

9:45 - 11:00 AM

11:00 AM - 12:00 PM

2. When would vou go to bed if vou were entirely free to plan
vour evening?

On a
free
day

Ona
work
day

8:00 -9:00 PM

9:00 - 10:15 PM

10:15 PM - 12:30 AM

12:30 - 1:45 AM

1:45 - 3:00 AM

3. If there is a specific time at which you have to get up in the
morning, to what extent do vou depend on being woken up
bv an alarm clock?

On a
free
day

On a
work
day

Very dependent

Fairly dependent

Somewhat dependent

Not at all dependent
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4. How easy do you find it to get up in the morning (when On a On a

vou are not woken by an alarm and are free to get up any free work

time)? day day

Not at all easy

Mot very casy

Fairly easy

Very easy

5. How hungry do vou feel during the first half hour after On a On a

yvou wake up? free work
day day

Not at all hungry

Slightly hungry

Fairly hungry

Very hungry

6. During the first half hour after you wake up in the On a On a

morning, how tired do you feel? free work
day day

Very tired

Fairly tired

Fairly refreshed

Very refreshed

7. It you had no commitments the next day, what time would | On a On a

yvou go to bed compared to your usual bedtime? free work
day day

8:00 - 9:00 PM

9:00 - 10:15 PM

10:15 PM - 12:30 AM

12:30 - 1:45 AM

8. You have decided to engage in some physical exercise. A On a Ona

friend suggests that you do this for one hour twice a week free work

and the best time for you is between 7:00 - 8:00 AM. How do | day day

vou think you would perform?

Would be in good form

Would be in reasonable form

Would ind it difficult

Would find it very difficult

9. Approximately when would you go to bed if you could Ona Ona

sleep when vou felt like it? free work
day day

#:00 PM-9:00 PM

900 PM-10:15 PM

10:15 PM~-12:45 AM

12:45 AM-2:00 AM

2:00 AM-3:00 AM
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10. You want to be at your peak performance for vour work | On a On a

that you know is going to be mentally exhausting and will free work

last two hours. Which one of the four working times would day day

you choose? You are entirely free to plan vour day.

8 AM-10 AM

11 AM=1 PM

3 PM-5 PM

7 PM-9 PM

11. If you went to bed at 11 PM , how tired would yvou be?

Mot at all tired

A little tired

Fairly tired

Very tired

12.For some reason, you have gone to bed several hours later | On a On a

than usual, but there is no need to get up at any particular free work

time the next morning. Which one of the following are you day day

most likely to do?

Wake up at your usual time, but not fall back asleep

Wake up at your usual time, and doze thereafter

Wake up at your usual time, but fall asleep again

Mot wake up until later than usual

13. One night you have to remain awake between 4-6 AMito |Ona Ona

do your work and the next day is a holiday. Which one of free work

these alternatives would suit vou best? day day

Stay up until the watch is over

Take a nap before the watch, and sleep after

Have a good sleep before the watch, and nap after

Sleap only before the watch

14. You have two hours of hard physical work. You are On a Ona

entirely free to plan your day. What time will you choose to free work

do it ? day day

8 AM-10 Al

11 AM-1 PM

3 PM-5 PM

7 PM-9 PM

15. You have decided to exercise. A friend suggests that yvou |Ona Ona

do this for one hour twice a week between 10-11 PM. Will free work

you be able to do it easily or not? day day

Would be in good form

Would be in reasonable form

Would find it difficult

Would find it very difficult

16. Assume that you work a five-hour day (including breaks), | On a On a

at approximately what time would you choose to begin? free work
day day
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5 hours starting between 4—9 AM

5 hours starting between 9 AM-2 PM

5 hours starting between 2-7 PM
5 hours starting between 7 PM— 12 AM

17. At what time of day do you think you reach your
maximum alertness?

On a
free
day

Ona
work
day

5-8 AM

g8-10 AM

10 AM-5 PM

5-10 PM

10 PM=5 AM

18. Are you a “morning type” or an “evening type™?

Definitely a marning type

Rather more a morning type than an evening type

Rather more an evening type than a morning type

Definitely an evening type

s  Work Details:

Not | Time | Time at Time | Wake | Time | Wake | Do you
ure | at which Get | taken | up taken | up take
of | which | ready to to fall | time | to get | with | nap?
wo | you fall asleep | asleep up Tick
rk | goto your
bed answer

If yes
write
time

Are
you
able to
choos
€ your
sleep
time

yes,

what
s the
T¢aso

In the last 3 months, | worked as a shift worker.
s Nop
s Yes

If you are a general fixed shift employee then mention your usual work schedule

starts at o clock. Ends at o clock.

My work schedules are
very flexible

a little flexible
rather inflexible
very inflexible

I travel to work
* by car, bus, bike
o by cyele
s by walk

For the commuie to work, [ need hours and minutes.
For the commute from work, | need hours and minutes
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Munich Chronotype Questionnaire for Rotational Shift Workers

(MCTQShift)

The following questions concern your sleep- and wake behaviour on work days and
free days. Please answer them about your current shift schedule, 1.e. not all
combinations have to be filled out! Also. please reply with regards to the current
season (i.e., the last 6 weeks). Please try to answer ALL questions, even when an
answer seems difficult! Spontaneous answers are often the best. Please help us in the

General

Mornin
g

Evening

YesM™o

YesM™o

Yes
Mo

Children
Hobbies
Others

Children
Hobbies
Others

Children
Hobbies
Others

Night

Yes Mo

Children
Hobbies
Mhers

Off day

Yes/MNo

Children
Hobbies
Others

evaluation of your data by providing unambiguous time references (e.g. 23:00 rather

than 11:00 PM).

« Stimulants-

Per | Per | Per
day | week | month
I smoke cigarettes
I drink cups of coflee
I drink cups of tea
I drink cans of caffeinated drinks (soft-drinks)
| take sleep medication times
E. Global physical activity questionnaire:
. Days How
Physical Activity ikt your .”.:"Ts’ per .m“ch
answer Activity Type ek time per
day
Vigorous activities like Yes Carrying heavy Hours:
carrying heavy No loads Minutes:
loads/running/football for a Football
minimum of 10 minutes Running
Other -
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Moderate activities like brisk Yes Carrying light loads Hours:
walking or carrying light No Cyeling Minutes:
loads Swimming
feyeling/swimming/volleyball Other -
at least for 10minutes
Travel to and from the places Yes Bicycle Hours:

_ No Walk Minutes;
Sitting Yes Hours:

No Minutes:

F. Perceived Stress Scale Questionnaire:

0 - never, 1 - almost never, 2 — sometimes, 3 - fairly often, 4 very often

1)

In the last month, how often have you been upset
because of something that happened unexpectedly?

011

I3

2)

3)

In the last month, how ofien have you felt that vou were
unable to control the important things in your life?

In the last month, how often have you felt nervous and
stressed?

0|1

¥

(%]

4)

In the last month, how ofien have you felt conlident
about your ability to handle your personal problems?

5)

In the last month, how often have you felt that things
were going your way?

[~

6)

7

In the last month, how often have you found that you
could not cope with all the things that you had to do?
In the last month, how often have you been able to
control irritations in yvour life?

(B

Led

8)

In the last month, how often have you felt that you were
on top of things?

9)

In the last month, how often have you been angered
because of things that happened that were outside of your
control?

10) In the last month, how often have vou felt difficulties

were piling up so high that you could not overcome
them?

G. Pittsburgh Sleep Quality Index:

1) At what hour have vou usually gone to bed?

=1 0pm

10-10:59pm

11-11:59pm

12-12:59pm
1-1:59pm

2-2:59pm

<3pm
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2) During the past month, how often
have you had trouble sleeping because

you.. .

Not During
The past
month

(1)

Less
Than
One
Week

(2)

Once
Or
Twice
A week

(3)

Three
Cir more
Times a
Week
(4)

Mever

(3)

1) Cannot get to sleep within
30 minutes

il.

2) Wake up in the middle of the
night or early morning

3) Have to get up to use the
bathroom

4) Cannot breathe comfortably

Vi,
Vi,

5) Cough or snore loudly
6) Feel too cold
7) Feel to hot

&) Had bad dreams

viil.

9) Have Pain

10) Other reasons, please
describe

X1,

How often during the past
month have you had trouble
sleeping because of this?

33 If You have a roommate or bed
partner, Ask him/her how often in the
past month you have had...

No Bed
partner or
roommate

(1

Partner /
Roommate
in the
other
room(2)

Partner

In same
Room but
not

Same bed
(3)

Partner in
same
Bed (4)

Write
yes
or

No if
you

have

Loud Snoring

b)

Long Pauses between Breathes
while sleep

c)

Legs switching or jerking
while vou sleep

d)

Episodes of disorientation or
confusion during sleep
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Screen use on an average weekday

Thinking of an average weekday (from when you wake up until you go to sleep), how much
time do vou spend using each of the following types of screen as the primary activity?

You must answer both hours and minutes. If zero please type "0" in the box.,

Hours | Minutes

Television

TV-connected devices (e.g. streaming devices, video
| game consoles)

Laptop/computer

Smartphone

Tablet

H. Screen Time:

Screen use on an average weekend day

Mow, thinking of an average weekend day (Saturday or Sunday), how many hours over the
course of the whole day (from when you wake up until you go to sleep) do vou spend using
each of the following types of screen as the primary activity?

You must answer both hours and minutes. If zero please type "0" in the box,

Hours Minutes

Television

TV-connected devices (e.g, streaming devices, video game consoles)

Laptop/computer

Smartphone
Tablet

Screen use on an average weeknight

Now. thinking of an average weeknight (from when vou return from work until vou go to
sleep), how much time do you spend using each of the following types of sereen as the
primary activity?

You must answer both hours and minutes. If zero please type "0" in the box,

Hours Minutes

Television
TV-connected devices (e.g. streaming devices, video
came consoles)

Laptop/computer

Smartphone

Tablet

For the following set of questions, background sereen is defined as the use of a television or
another screen near you while performing other activities such as exercising, cooking, and
interacting with family/friends. Thinking about a regular weekday (Monday through Friday),
on average, how many hours over the course of the whole day (from when vou wake up
until you go to sleep) are yvou exposed to background screen use?

Example: If vou exercise in the morning for one hour while waiching the TV news. you use
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vaur smartphone for ane hour while eating lunch and an additional 30 minutes while eating

dinner, you would estimate that vou are exposed to 2 hours and 30 minutes of background

screen use per day.

Hours

Minutes

Background screen use on a

| regular weekday

Background screen use on a
regular weeknight

Background screen use on a
regular weekend day

I. Sitting Time:

Category of Risk Hours of sitting
Low risk <4 Hours /day
Medium risk 4-% hours /day
High risk 8-11 hours /day
Very High risk =11 hours /day
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95T 3Ed 87

2 & H AT R F IR of @ g
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A. Diet Information:

1.3Tq
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3. BT B Upfa & ITAR HIGH BT WEY R THG:

HIeH &7 | i) TR i FEE D | i) THP i) TAD | v) TGP

wey |(Red  |Red e & e & |feF
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e & SR g8 11 §9 SIUsT BT W B ¢, SHAT ale & HioH &
faereq & HrH GG UTel & SR HioF & W § g8 11 99 ford | afe oy
oig i i Bis &d § ot 1 ferg am -

B. Chronotype & Chrono Profile: Horne & Ostherg Morningness-Eveningness

Ques.:

1.afe 3ma 3 & #1 giorn a9 & fog Ot e |

T € ol 3T HE IS

Fel &
& (z)

a) 5:00 - 6:30 AM

b) 6:30 - 7:45 AM

c) 7:45 - 9:45 AM

d) 9:45 - 11:00 AM

e) 11:00 AM - 12:00 PM

2. 3R 31T AT M P AT o $ R R §
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I9dd Bid df 31U & |id?

a) 8:00 - 9:00 PM

& (2)

b) %00 - 1(:15 PM

¢) 10:15 PM - 12:30 AM
d) 12:30 - 1:45 AM

e) 1:45 - 3:00 AM
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39 3T gat / o= W fva g do A 82

&)
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b) BB AR
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b) S8 MM Tol
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3

HH & [

a) [dTpa aRidra Hegd Ta] Sl
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¢) BT Y& a7 T@! &
d) SEA Y@ T 8

7. §48 361 & 91 Ugd 319 6 H 31y foban ywT gan
HEgH H3d 87

&

T & fe

a) S8 YT aT|

b) BTG YT g3 B
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U HTHT |4 & THY B a1 | [ ao Jia

A g

& e

a) §:00 - 9:00 PM
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9, AU O YRS ATATH B BT BT (5T &1 TP
I &1 G014 & o5 3Ty wre # &Y 9R U be & forg g
F3 IR MU Y Had BT AT Yag 7qA A8 T F
A 81 3ATIH 1 7T & 6 39 Fr weRiH S

a) HB] UGQH S|
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d) T8 9gd AfSsd g

10. 9f2 3TT T 55T F ATAR T THA ¢ al Y T
Fa A
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11. 39 3T HTH & [T 3T TR UG U= T81 I18d &
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C. Work Details-
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F. Perceived Stress Scale Questionnaire:
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G. Sitting Time:
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1) 31T STHGR R 9 WAg 94 &1 87

>10 gl |
10-10:59 ol 2
11-11:59 &t 3
12-12:59 &l 4
1-1:59 &l 5
2-2:59 Tl 6
<3 gol 7

2) fUod 981 & R, MUHT AHAR W & Id 91 F e w977 (fme
#) W e?

EEraa ki S
3) fUod 7 & IRM, 3T AR W YI§ $d 364 87 IH T W)
4) U5 7 & IRM, 3Mu! Td # fFaa 9 ¥ arafds g facl @e
MU GRT faver W= faeme o vet &t Wen | oraw g 9o ) | wia 7 i
& e

136



5) fiod o8 &
3R, SMUS! a8
o Imusr  fpaHt
IR | # TRt

geel

froa #gH

% qRHE TG
(1)

U® Hudle
A FH(2)

]

d (4)

&l (5)

a) 30 e & iR
W T8 aHar

b) 3ATEH T AT gaE
gl 33 |

¢ WETag @l
SUGRT HA & R
ELEIR DI

d) 3RE q I
e & "god|

e)x‘:ﬁ?ﬁaﬁﬁm
@RI AT

f) 9gd &8 A1

g) 9gd TH HEYH

h) g HUH G Y

DB/ E

j) M BRUI BT
a1 quf Y|

K o 7eH &
aRH TIHT
fa-t ar g9 Iue
¥ WA A g

137



6) UG MUBT B
e dq1 9
R @, df Sud
73 fr Rroa wéR

TR P

arft=a
Ae (2)

8l (5)

Scr

# 3+ feat ar
our fear gl

cen

Tim

(3)

rﬁam$m

T §), 3T T
Iy & o g gog fag

afe¢ a8 a o & 0" eTga

& T Iuavu, difsat 1

B}waﬁﬂﬁwmaﬁgrﬁwﬁﬂmmtﬂﬂm.w
e & TR @ Had §U (36 319 &9 9

dled € 3R od 319 9F S @), +19 wiufie nfafafy &

w0 d FEafad § 9 Ude UeR & ShH BT Sudi] H3-

 foan v faamd g

3! ©¢ 3R e ST 1 ofa 1 g iEfs I g @

FUGI Eidy T "0" TEY B

I ceiideH

1L Crar ¥ O[S QU (S W JUH0, difsat 1,
Had)

138



. dUer/ueR
Iv. WIRHH

V. <¢s§dc

C) 39d TWieid & fed TP &1 IUa fiad
el & fa WA &1 SuEhT oE, ' oftud
TwTeid & o1 (WHaR o1 fder) & e ¥ Wied gu W
fa & SR e 1 (o oy ST € 4t oy 9F § 8)
&1 31U Wl iafaly & w9 ¥ Auifed ¥ 9 uds
UHR & FpI- B JUUN 31 H T B3 87

3NMueH B2 3R firte ST &1 wrare 31 g A g R Al
FuTT dley H "0" 213U B |

139



D) 9T & fAafia fet # gy wi= &1 3uam

E) Ot &1 fFrafira Tra & ggyfa @i &1 3uahn &8

F) frafira wwarsia & &7 guyfs Wi &1 suahr &

frofeafad ngt & fore, geufly %ol & samam, @1 usH SR TRaR/ERal & Wy
FTadld S o S TAfafET B S THE UG UM Ud oo AT fahdt
3T TP & IuGi & wu H ufeuivd fear mn 81 ue Fafhe endfees (@mar
¥ YHaR) F aR B Gred g R oA & SR SiaH fhaa €92 (I 39 9Td §
a9 9 99 319 Gia §) 1 319 YRy T & I & §udh 7 2
JETERT & [T T17 379 Galg N GHER 3% §U U 62 3 o7 i #¢d &
dl T GV BT Yo F¥d G5 U ¢ 3 [0 3157 HISHIT BT G9aT #d &
I 1T BT G GIa THT AR 30 A7 FT TG F7d 8l AT SFHT
TG 3 ST i 132 §2 3 30 e & ggyE &piT GugiT & yud 48

ONLY FOR ROTATIONAL SHIFT WORKERS

J. Munich Chronotype Questionnaire for Rotational Shift Workers: -

fFrofifaa wy o fGae! iR @l &A1 & st i 3R o & ZaER ¥
HaUd &1 HUATI= U ged 1R1%E SHHH &GN § wdTe &, g1 T Tl
@] YR B LIS Tal 8! FUP TG, FUIT aHH I (@ TS 6 TerE)
& dae & 9ame 3| o gt usl BT IR &7 BT U $E, Hel 8 Bis I Bied
T BT 3R T2 SaTd F S0 IR UR e e

140




CnwrEhE

EEE s sERREE

BIAT | §

gIA | 5=

A | 9=
R ED
S

A | ¥

A | 9=
iG]
S

Eee EreEm®

q3IW

ETFIT el

gIAT | gD

8IAT | &lAT

gl | BI/AT

gIAT | BTHAT

ir
4

“mﬁm&._m_mmu

tE-BEEERERT

EE-5FFw

EE

X

E %

BEE

141



2lluet 21Ns uizedl usiiael: o6 visl A2 (3152 s1481R10] Slodl-
ULNEE 20UV UR ALY
Yot dHI] ueAloll etn-[Eeelapldlii sl @R] wia duIRl B dio
Sl [0dg Uz [25 5] 4al 5ul 530 18l Yot 20l [deidl.

1. olIM- 2. U5 «l62-
3. Guz- 4. o [d: Yo / )
| Wled]
5. 2&1(CLs dlusld:
a) 1 el o uly
by 10 &l 12 Uy
¢) [SuluL
d) A2
6. 1] ddulet ollsiledl of[1s1:-
a) 5182
O b) YuRdlooR
¢) US[HeA
7. a5 [ALg200l USIR:
a) %1€l
by [R1s2 532l
O ooyelpe (2lge
8. d [Bgaui W B2dl qHA Ayl B
0 oayl-3ay
T by3-say
¢) 5 anefl ay

142



9. Beal WedLSA dniRl [(Bige Vee: -
(2152 UsI2 dlflw | dizlu dizlu dilw didlw dizlu | dilw

A) %14
% «l (edd
B) AcliReil
2 <l [egd
C) Aieil
2 <l [egd]
D) 2Ud
11 <l (e

10. 5141l 5615l eMULA 1R S UG [ele] 2ed2:-
a) 121819 Aluq,
by Hl2 @13l Glef 2éduldg
o) 3R Uled/ells Glusalel 418l Glo] 284
d) Ucld eeAYGel, M2 G6id3l

11. 5140l $61s] el dil AUy d duid elwel syiedl dadl )2
O a) HRe dUlR e{loge
= b) A5 A2l
¢) §5 (S[@ail Aalil
L d)osell 3R I (ARl

12. il 514 U2 tef] 326l diR eilwet dldl 12
L a) S113Y «el
b) S35
¢) 1gflalr
C o d)éHall

143



13. 2f dil dHI1 a5 [F§2e11 AHUUASeLL WU dHIZ] epuui 518 F 812 d)
ol?

a) &1, & 2Udcefl ulufl e(HUlel ay WIG B

b) &1, & Ucefl Uioil L2 [Huled 216 WIG ©

ey el HIZl o ReR e 8

d) WLl «tefl

14. clMI2L S1Mell AHAYAS 5123 i Fed] AR eiloel ls) o2
a) SR Al
b) 54135
¢) el
d)y &Hell

A. Diet Information:

1. di:
a) 2lLsleli]
b) 2LslE1+HSI
T o) HiMIeR]

2. dHIRLMI2 (o] Aleil Hecayl eiloet s B2

a) A1+l o [l

b) HU1Re] Hlowet
O c) Aloedl Al
T d) AlAedloset

144



3. s1Meil usld viefu 12 ellwotodl d via U

*lo%el

i) el
(2152
e
Yo
¢{loget
ol
1HY

i) ddledl
(2152
£ (1l
ol
¢{logel
ol
UHY

iii) Yiogell
(2152
e
Yled
e{loel
el
HHY

iv) AR | v)
(2152
£H
Yot
e{ley
ofoil
UHY

sl
[eay
e
Yled
e{lofe1
el
UHY

A) ddl2el] dAldl

B) 64Ul2qj G{logal

C) Hi% «tldl

D) UEHIe¥eA

dH d eilogel SU13 Wil 8] d AHY quil. Gelel dild, dil dHR] weld (s
e MUl MR 11 4198 eulRef efloged 520 91, dell eiuleil efloeteil [aseis{] 11

UL YLoll (o2t e MLt ellogeteal ¥HA Hal? 11 a2l quil. %) di 516 ue

e{loget £9159LL il «il WG],

B. Chronotype & Chrono Profile: Horne & Ostberg Morningness-Eveningness

Ques.:

1. %) dd duit [eadedl dlowedl oetlddl M2 dHil WA | 291 -l
AHY 1Y d] dA su1? Gsall?

([ead

a) 5:00-6:30 AM

b) 6:30-7:45 AM

c) 7:45-9:45 AM

d) 9:45-11:00 AM
g) 11:00AM - 12:00 PM

145




2. %\ d¥l dHIR] Aiore] vidlwet sl HI2 AHY Eld dl dH
sUI3 ¥dle] Udie 5220 2

28 el
[ead

a) 8:00-9:00 PM
by 9:00-10:15 PM

c) 10:15PM - 12:30 AM

d) 12:30 - 1:45 AM

e 1:45-3:00 AM

3. %1 516 UlssA HUA dMIR HdIR Goq Sly, dl dX vl
GIRL 2L UR bed] wLHIR vl 6917

5[4+l
([ead

a) ol % Wi[Ad

b) wWseH WL/

c) 5245 u{gl AI[Ad

d) [wWage wiAd &l

4. dHal udIR Goq k2q A dldl B (IR il warHell
o121l «ieil el slFuBL HHY Godll HIZ2 MHYU 8)?

5(Hall
[ead

a) [Wage H01 e

b) (& HW efel]

) WseH U D

d) Woi % {2 B

5, %02y | Usdleil Udd| 25| 5615 eMHULA dl 32q diowail
WMl 917

2l
(ea

§1Me1l
(ead

a) ujol uikq

by wseH elsq

c) WSseH diogfle]

d) bl o dlepailery]

6. 22Ul ULloll USdl wsul salsHi dHa sed] epu qlol
&9

2 el
(ead

5[]
(ead

a) R UL W ois]

b) u&% Hu

146




¢) W5eH Huw
d) Lol o

7. IR GaUlell USdl wsHl 515 e(HUlet dda Bedl
elLs GLdl 8?2

2l
(ead

514l
(ead

a) Wol kg

b) 2584 59

o) seH dleafler]

d) W0l o dlegailery]

8. %l dHIZ] WA oilen [6dA 516 Ul USsI? of 514 «dl Sly,
dl di dHIRl Ml Jdlodl AHUAl W IHRIHI Sedl
d12d Y8 w2l

25 el
(e

Ml
[ead

a) 8:00-9:00 PM

by 9:00-10:15 PM

c) 10:15PM - 12:30 AM

d) 12:30 - 1:45 AM

9. il ells] 211 [Rs sUd 52l o551 54 B, W5 (13 Yud
8 % dil wsallsuimi A dir As sals Hi2 wL sA w4
dAMIRL HI2 A HHY AR 7 &l 8 dilsdl g 8. dil da
A d1edl 530 aAs2Al 3 Asl?

29 <l
(Ead

a) vsed dleydfle]
b) ol % dlerolleiy

) del ygkd ¢l

d) del ujol % Yokd ¢1o18)
10, %1 dil 213 AR Y 25 dl dX @112l 5412 3P w2ul?

SMed]
(ead

a) 8:00 PM-9:00 PM

b) 9:00 PM-10:15 PM

c) 10:15 PM-12:45 AM

d) 12:45 AM-2:00 AM

147



¢) 2:00 AM-3:00 AM

1. d¥ dHIRL 514 HI2 dHIRL WeH Edl HidDL 6] B di
il &l 5 Hiei[[s 2Ad sa1niwels 2l wal o sals Al
YRl dil YR sAsl AuAuiell sdl AU UL 522012
dH dH 121 [Edde] 21Ul 52c] HI2 AYRUB] 2<ldAA ).

a) 8 AM-10 AM

b) 11 AM-1PM

c) 3PM-5PM
d) 7PM-9 PM

12. %1 dd A 11 A Y w2l dl ddl el eisl w2il?

a) U ULl LSl el

b) ellsl ekl &

o) ulseH k4l &

d) ujof ellbe] 8

13. 32415 5122012, dXl UMY 5 2Ll 5ALS] ULSL ¥} 21Ul
891, Uid oilom [Ead Hai? 516 Alssy HHY Godlsil ¥ oieil,
ddl oflAetmiefl suL uHY Gl Ut 5221 ?

a) ML MM HHA 0, Uid GleMi ULl «f w1l
b) dMIL AIHI= M4 2L, 2ol Ues] 48 ]

) dHIL ¥IH 1 YH %30, U s3lel Y8 vl

d) Ml Sl HlsL HHl el el
14. 915 AR dHIR dULD SIH SaL 12 IR 4 &l 6 d12Y1d] a]

o31q US 8 wa oilon (ead 290 S1U B, wuiedl 54l [Asal duel
Alell ay wegmn 22912

a) SIH 5Ul uSdl Y8 wg 2 1M sul uesl y6 wg

b) 51 «ll US| % YO %g

15. dH1Z] WA o] se15ed] Hud 21R1R S Héedd 8. dH dHLzL
(Eaie] vidloet 21 1UI2 YRG! 2adat ©9], d s2aL U2 di)
5] MUY uye 52l

a) 8 AM-10 AM

b) 11 AM-1PM

16. A 5 Scllef 155l 53 B, w15 (o Yud B % d 10-11 PM
g2 w&A1SYIHI O eI 15 se1s HI2 w1 520, dH del qudiel
53] 21520 % w1 &1?

a) I sHHI 2l

b) dleed] sliuisgl

¢} del Hekd g12(g]

d) del Lol Yoke q1o(2l

17. 4IR1  oH Wid seiLs sid 521 91 ([di AlSd), dX 21212 sl
HHY 514 AR 5d 1o URE 52117

148




a) ddlFaelsapRylgul gy d

by HellI aellodoylqul 9z ey s

c) Ul 9efl 2 qrar| g 22e 2y &

dl Ul 2 &l Wie s oyl al 2 uiy 8

e) Hiwseladouldal gy &

18. [Eddell 5UL MY cdHel Gl 8 5 21 MHU U2 Ul 514
522117

a) 5-8AM

b) 8-10 AM

c) 10 AM-5PM

d) 5-10PM

e] 10 PM-5 AM

19. 2f dil "Hl[=31 219" vl "pal=a1 219y w12

a) UlssHUL delledl Usl

b) Ml Sl U=l uslz ay
0 AUlssuuel Hivgetl Usiz

C. 5ol [Aaadl :

1. Bedl3 H[SaAIui, 25 B (g2 ML 514 54 B
a) &l

b) «il

2. ALY SlHe] AHUUAS A1y e Y B...

UM ALY B,

3. HRL SlMe] UHAYAS

a) AlSLS B2 SR ug AX B
b) 32 §12 25U «A2]]
o) dell ¢led w2y

Cd) W % WY B

149



4. & 51U NG ©.

a) 8L, WA, WO GIRI
b) H1B 56 AlEl4
HREET

5. 514 U2 %cll Hi2, 44

i — g

6. St uefl YAuLsl Ui, Ha

e B

D. GA%s :

5615 Vel

A s e |

[lst2e] o2e2 B.

[ifsteedl

iledAn
£le

)&
wadllsad

12 V16 9.

iii) &R
H(&a

sy 5151 UlG ©.

54 Y1 lG §.
D) & 3§leiysd dlali (lg2-[3s4) =l
_ %16 8.

E) & Qluel edl

duid 4G .

E. Global Physical Activity Questionnaire:

i 2R1Rs ugld

ii)
dHI21
e
|
520

i) %l &L, dl|iv) (ean
ugd usiR x)
u6a1(sA

v) [eay
els kedl
UUY
(5615
PIEES

150




A) sl Bl 10| sl/edl | MR M1 désd

Gifsiz M2 e awe geulld
Glusdle /£ls/gaoild Bl elsq

&1 W) [t g3}

B) ML L 10| &L/l | sndl HIR |
[ld2 Hi2 »sul udg Gulsdl

weldl del  Glusdisy SIUECRIEICE
Alus(€o Raliou dg
didleld  dl  yeuy a3l -

uq (el

C) @walefl Yaisid el &l/«l | ¥Iusq
dls

D) dlug &l /el

F. Perceived Stress Scale Questionnaire:

0-S413Y o1&l 1-93049, KUY 18], 2-5413 5, 3-a9{l AR, 4 gLl dI?

[ ]
LIFE ]
i Y

1) Bcdl HlEaAHi, Wall8id 2d wad] 518 aeelld |0 |1
$128) dH Y24l a1 wde oYl 917

2) el HlSaHi, dud SedlaR aPy S dl dMiL |0 |1 (2 (3 |4
%)cleieil H&cdedl olltddla [[dEd s 144

ol?

3) Bedl HlsaiMi, dedl diR dil «dy wel deud [0 [1 |2 [3 |4
VoMl 87

4) Beall HlsaMi, duiRl culsdald uMRUARAL (0 (1 |2 (3 |4
dendlsll duRl audl (@2l dd ¥eel dr
LM (a1 Heicd) 87

5) el Hlseliui, dud dedl aiR 4y & S axqul [0 (1 |2 (3 |4

duizl 2d w4l €l 82

151



6) Beal HSaiHi, dil Jedl AR ¥ 8 F dMR % [0 |1 |2
oitf] sioel sciell Sl dedl dil 21edl 521 2asul
«1el? 2) 3)

7) Bedl UlSaAlUl, dll dHI2l WAdAUl 32l diR @1f [0 [ 1 |2
D% dil yokdledl Uell sUl B [AEA 53] sul
o7

8) Bedl U[SeAMi, dua kedl dRrdqy d s uRRald |0 |1 |2
EHETEIRIES

(]

9) Bcdl H[&adlHi, dMIl [HAAAR welell teedlvildd |0 | ]
51231 di 3ed] al2 23 L 812

10) Beall HlEaAIMi dua sad] di @19y & ¥ yeddlal (0 |1 |2
Aed] gyl 21 B 3 dA del 2 531 2AsAL «18i]?

G. Sitting hours:

o luieil el olgsell 5615 duIA %l U2 [2s
520
a) L A1wn <4 5q15/[eaN
b) HeAH FTWH 4-8 5615/[ea
¢) G Fluy 8-11 sqls/(edy
d) vt G lwy > 11 selLs/(edy

H. Pittsburgh Sleep Quality Index:

1) dH Aey Ad suL 144 Ydl edl?

=10 d12d 1

10-10:59 d[>Y 2

' 11-11:59 d(59 3

152



12-12:59 d1R] 4
' 1-1:59 A 5
2-2:59 412 6
<3 q12] 7

2) wiesdl U&=l e(1Uled, dHa 623200 AA QediHi dedl uHy (FleHi)
qayl 87

Mlsteeil dvul
3) UIDEl Hl&el e2MuULed, dX AU Id HdIR sU1T GL6l 917

AlM oY Gocledl MUY

4) uledl U[Eell e[HAUled, dHa A Bedl selsedl dixdlds Ga 1ol (L
di velllui [ddidel saisledl vl s2di wd1 18 A3 8).
23 Glelell sa1s)

153



5) uledl
U[&sll

e (HAlel, dMIRL
51 dHal
Yed] aik Glaui
dsels usl 8.

ULE96iL
4 (&stl
e(HUlst
A&l (1)

N
weallsuell
B89 (2)

wedlfsuiui
us % o iR
3)

wacllsuldl | suly
Al % dell | oSl
ay dwd (4) | (5)

a) 30 [Hle12+il
iR Y Asld
oiefl

b) wisHl 2AA
weldl  deédl
Adi? (18l

)  GlleeYeail
Guulal  sdl
Hi2 G18l =g
u3

d)  wRMel
sdlY |8 2Asdl
afef]

¢) GUU eld]
yl2el ety slzi

) w651 |1l

gy M1 413]
h) WA AY-il
]|

pulstay 8

i) wed si2eil,
sul 5314 quldl

154




k) Bedl H[&eil
e(MYUll  dUal
kedl Ak W
51280 Glaui
ds6ls usl 82

6) %l duil
Uil eyde
weldl s
Uléaz €, dl
dal ye9l 3 el
Ul&aidi dus
Yedl aR
AusRi aui B.

516 uls
Ulési?
weld|
U2
sl (1)

oflan  euu|
(TELEE ST
sl (2)

ul s % 2HUL
Ulgel2 uiqd
us ¥ Ws

sl (3)

s o ulsHi | sA1Y
Uléelz <8l | sl
(4) (5)

a) Hl2eil
4510 ULl

b) Gedl awd
sl a¥ dil
GETM

c) IR M Yl
sl R wal
weddl  eldl
nasl

d) Gl el
EIIEL L
el

YA Rledl
uiail

155



I. Screen Time:

156



A) u16cl[SULell 32121 (A 28]e1oll GuloL:
woallSuldl d3ruel (edd (R dH 220l 8 AURYL dAl Y il 1) (9l
(AR, dH WiMHs ugld dl% <Al 635 usiRedl 28l Gulat s2cMi 324l
UHU YR 52 8912

dHIR s6ls e (M2 oladef]l aaiol udl ussl. %l g eld dl sul 53l
GTSHHI "0 eul,

selsl | [lA2l
[ CIGRE
. 2ldloslsila Gusdl el d. ¥IMa Guswll,
CIGNREEL Y
m. duelw/shyer
Iv. Wlesld
V. cude

B) wsal(Sulsdl 232121 A 2$letell GuAlL:

od, madlsulell u212 Ad (WIE dX 514 el yiesl widl 6] @lRell di Y
el o9y (A9l [, di uleds ugld dilk «{lAdedl £35 usiRedl 2latell
GUALAL ScH] S2d] UMY UAIR 52 8917

dHR sals W [Mlede oiaell wdiod wudl usel. ol e Sl dl sul 53
GTSAHI 0" ewl,

56151 [Hf=121
L elalaxn
i, 2ldlelsida Guswl (el d. w0 Gusall,
(alsul Ay seile)
., quilwsiyer
V. ¥l
V. eude

157



C) U212 HHlsidell [ead 28loiell Guuldl &d, ¥ HHISidell [ean
@Uetdlz 3 2ddir) «ll [dui sla, Wil (ead @13 dl ool 91 @l di

S Myl o9l i yul) sedl seisell qHA dH wias ugld dilk «fldel e3s
Usleil 25lotell GUlaL 531a uuIR 52 817

dHIR 56ls el [Mlede ofaell wdiod 2ud] usel. ] e Sl dl sul s3a
o{I5UUL "0 qudl,

5615] [H(=t2]

[ CICEE
. ldlolsidd Gusmll (el d. LM Gus:wll,
[alsdl A seile)
M. quelu/shze?
V. WIeslel
V., 2082

ofldotl ugllotl HYe HI2, W5AIGes Wload sUA, WY wal s/l U1
cdldild Fell W ugldul s2dl awd 2l@fdret wadl duil "4 seil wey
lolotl GuUUlA dils calvaifd sl wid 8. msdlsulell [[aMd (eay
(el g1s5d1?) (gl ([AuiRdl, A wL (eay e2Hulel ¥ 524l 5415 (IR
il 2190 691 1Rl di Y il ) dl Ywey[H 1lstell GUALdLeil AUSH] 6912

Gele2&l s ¥l aH 4912 2ldl AR ¥id] awd Us 5615 s¥ed 521 &l dl
a1 aifleef ellel 5ocl Quid 15 5615 HIS dHi2( 24IEEl] GUAI! 5] 9] e
A% 52l quWd quiRled] 30 [Hld2-] GUAlA 52] & dl dH el aA1q2i]
5 dH €221 2 5G15 Wl 30 [HA2 524165 &5led] GuAlI 52] &9]

158




5615)
D) [Aulud wsallsulel [(ead
yuei(H 2£leedl Guulal s3l.

(=12l

) wsdifsuledl [auadd =2
6l 5U1GeS 25leteil Gualar 5.

F) [«aMd HqHlsedl [edd
ul52U1Ges 2$lotell Guulol 520

ONLY FOR ROTATIONAL SHIFT WORKERS

J. Munich Chronotype Questionnaire for Rotational Shift Workers: -

oflstl Ul SiHetl (€l wal wid] [l dHIZ]l Gle wa wmdldisil adiels

12l doiftdd 8. y&dlef]l s3lal dual dHIRl dddlel Uloflell duUY-s (99l

Lo wlU), Wed B dMIM Hlael] ¢2dled] % el

Gu2id, 5Ul 5314 dedH ol Aot (28 Y Dedl 6 vi6dl[SAUL) <1 beelHi Ao
UL, orll? dle] Yo5d E13] Ul Ul sUl 53le i | usllel died wiudlsl

UYL 501 g Rd waledl geilar 4y sly 8.

M20dlef] s30A ur yHY deell ueldd 53 dHIRL 321l YeuiseAHi wHId)

Het 520, (Gelsl dild. 11:00
PM = t4ed 23:00).

159




SiMedl | ¥l [ Bl Gla | Gedl GlediMl | Add | el | wW | dlgf | wl
el | B | MY | widl | el | dpidl | ddpd | el | sL | ad &l
Ho[eud | Wl My | wuy | gl HuY | duidl | ely,
ud | dil | el efl enoil quil | Glaeil | dl
4| Gu | My il £l HuY | dd
dl | dl ue | sR1L
gl | M2 531 | 982

d | dur 2151

u | ol £l

Hy

UlHloY &lietl | &l / SRR
=il sl
2l
Let]
H (=21 &L/l | &l SL/el | Wio
-l sl
gllw
wet|
s+l &l/=l | &l Sliell | eiln
ol sl
2l
w2
ellB2 =T el EL el | Wl
=il sl
2llw
e
s 5 &l/el | &l Sl/ el | wWio
ol sl
2l
ei|

160




