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COMMONLY USED ABBREVIATIONS

In Cyrillic:
DM2 - type 2 diabetes mellitus

BDA - Bulgarian Drug Agency
BMI - body mass index
CVD - cardiovascular disease

In Latin:

BFM - body fat mass

BIA - bioelectrical impedance analysis
BMR - basal metabolic rate

DEXA - dual energy x-ray absorptiometry
EFSA - European Food Safety Authority
ESPEN - European Society for Clinical Nutrition and Metabolism
FFM - fat-free mass

FFQ - food frequency questionnaire

HRYV - heart rate variability

OD - obesity degree

PBF - body fat percentage

SMM - skeletal muscle mass

TBW - total body water

VFL - visceral fat level

WHR - waist-to-hip ratio



DEFINITIONS AND TERMS

Eating behavior - the sum of all actions and decisions related to food intake, including
food choices, meal timing and frequency, and the quantity of food consumed. It is
influenced by physiological signals of hunger and satiety, as well as environmental
factors such as social and cultural norms, food availability, and an individual's
emotional state.

Health risk - the probability of adverse changes in health status due to exposure to
harmful factors.

Visceral fat - a type of adipose tissue that accumulates deep within the abdominal
cavity, surrounding critical internal organs such as the liver, pancreas, and intestines.
Excessive visceral fat is strongly linked to an elevated risk of various health issues,
including type 2 diabetes, cardiovascular diseases, and certain cancers. This increased
risk arises primarily due to the fat's tendency to release inflammatory substances and
its role in promoting insulin resistance.

Basal metabolic rate - the minimum amount of energy that the body expends in
physical and mental rest, without food intake for 12 hours and in conditions of optimal
microclimate to maintain basic vital functions.



I. INTRODUCTION

With the ongoing expansion of industrial production and urban infrastructure,
shift work has become standard practice in essential sectors such as engineering,
healthcare, transportation, and public safety. However, this working arrangement,
inherently misaligned with human physiology, requires continuous productivity and
imposes considerable health risks on employees. Shift workers, in particular, face
adverse impacts on nutritional behavior and overall health, significantly elevating their
risk for various chronic conditions, including certain cancers and cardiometabolic
disorders.

According to EUROSTAT data from 2023, approximately 19% of European
employees are engaged in shift work, with Bulgaria slightly exceeding this average at
nearly 20%. Despite this considerable proportion—representing one-fifth of the
nation's workforce—there remains a noticeable lack of comprehensive preventive
programs and measures specifically designed to mitigate the health risks associated
with shift employment.

Shift work significantly increases the risk of obesity, type 2 diabetes, and
cardiovascular disease, largely due to chronic disruptions in circadian rhythms and
poor dietary habits. Eating patterns among shift workers are typically irregular, marked
by skipped main meals such as breakfast, lunch, or dinner, combined with nighttime
eating. Workers frequently opt for processed, calorie-dense foods high in sugars and
fats. Alcohol consumption is also common, primarily for stress relief and as an aid to
sleep. Additionally, limited access to nutritious options at workplaces further
exacerbates the issue, as vending machines readily provide unhealthy, processed
snacks lacking fiber and essential nutrients. The absence of specialized nutritional
guidelines and targeted education further complicates efforts by shift workers to
maintain a balanced and healthful diet.

Currently, there is a notable lack of research examining the relationship between
shift work and the eating behaviors of shift workers in Bulgaria. This underscores the
urgent need for further studies investigating how shift work affects dietary habits and
overall health, particularly within industrial sectors like machine-building and
engineering. Understanding these dynamics is crucial for identifying associated risks
of cardiometabolic diseases and is essential for developing targeted recommendations
to improve shift workers' health and nutritional practices.



I1. AIM AND OBJECTIVES

The present study aimed to investigate the impact of shift work on nutritional
behavior, body composition, and health risks among shift workers in the machine-
building industry.

To accomplish this objective, we established the following tasks:

1. To adapt a comprehensive toolkit for assessing lifestyle, dietary behaviors, and
food intake frequency in fixed daytime and shift workers.

2. To conduct a comparative analysis of eating behaviors and frequency of food
intake between fixed daytime and shift workers.

3. To assess body composition using bioelectrical impedance analysis (BIA),
perform a comparative analysis of body composition between fixed daytime and
shift workers, and evaluate the associated health risks.

4. To develop preventive strategies focusing on dietary habits and sleep
management specifically tailored for shift workers.



I11. STUDY MATERIAL AND METHODS

1. Material

1.1. Object of observation
The object of the study was the characteristics of eating behavior and body
composition among shift and fixed daytime workers.

1.2. Subject of observation
The study subjects included all employees from three work sites within a single
machine-building enterprise, located in the towns of Sopot, Kalofer, and Karnare.

Criteria for inclusion of employees in the survey:
All employees on shift and fixed daytime schedules who volunteered to
participate.

Criteria for excluding employees from the study:

- Pregnant women

- Workers with pacemakers, defibrillators or other implanted, electronic devices.
- Workers with metal prostheses or implants.

1.3. Units of observation
1.3.1. Logical unit of observation

The logical unit of observation in this study includes employees working either
shift or fixed daytime schedules who fulfill the predefined inclusion criteria.

1.3.2. Technical unit of observation
The technical unit of the study is a machine-building enterprise comprising three
work sites located in the towns of Sopot, Kalofer and Karnare.

1.4. Signs of observation

1.4.1. Demographic characteristics
Gender, age, education, income and marital status.

1.4.2 Type and organization of working time
Shift and fixed daytime schedule.

1.4.3. Anthropometric indicators
Height, weight, BMI and WHR.

1.4.4. Body composition indicators

- Total Body Water (TBW)

- Total amount of body protein

- Total amount of body minerals

- Body Fat Mass (BFM) of right arm, left arm, torso, right leg and left leg
- Fat-free mass (FFM) of right arm, left arm, torso, right leg and left leg



- Skeletal Muscle Mass (SMM) of right arm, left arm, torso, right leg and left leg
- Percent Body Fat (PBF) for the whole body

- Basal Metabolic Rate (BMR)

- Visceral Fat Level (VFL)

- Obesity Degree (OD)

1.4.5 Health indicators

A) Subjective health indicators

Self-assessment of respondents' health status for the past 4 weeks.

B) Objective health indicators

- Diagnosed DMT?2 or insulin resistance

- Diagnosed atherosclerosis

- Diagnosed CVD

- Elevated cholesterol levels confirmed by laboratory testing within the last 6
months.

- Elevated blood pressure detected in the last 4 weeks

C) Lifestyle indicators

- Chronotype, eating behavior, level of physical activity, smoking.

Information on subjective and objective health indicators was gathered through
participant self-reporting using an adapted questionnaire.

1.4.6. Frequency of dietary intake of different food products
1.5 Location of the survey

The survey was conducted at three work sites of a machine-building enterprise
located in the towns of Sopot, Kalofer, and Karnare, without disrupting employees'
regular work activities.

1.6. Time of the survey
The research included in this dissertation was conducted between November 2023
and February 2024.

1.7. Monitoring

The study was conducted with the personal participation of the PhD student in
collaboration with a laboratory technician from the Department of Hygiene from
Medical University of Plovdiv and the supervisor at the respective work sites.

1.8. Organisation of the survey and collection of primary information

The survey was conducted with prior authorization from the Director of the
machine-building plant, followed by an information campaign targeting potential
participants. This campaign included the preparation and distribution of leaflets clearly
outlining the study's objectives and detailed participation instructions, specifically
directed toward employees. The Ethics Committee of the Medical University of



Plovdiv approved the study, ensuring strict anonymity, confidentiality, and protection
of participants' data and responses.

Each participant completed the questionnaire in a dedicated doctor's office at each
worksite, ensuring a calm and comfortable environment. Employees pre-scheduled
their participation through sign-up lists, allowing them sufficient time to engage
thoughtfully with the questionnaire. Upon arrival, participants received clear, detailed
instructions and were provided a quiet, distraction-free space. Questionnaire
completion typically took around 15 minutes, and responses were immediately
reviewed in the presence of participants to correct any errors or omissions.

After completing and verifying the questionnaire, participants underwent body
composition analysis using the InBody 270 Bioelectrical Impedance Analysis (BIA)
device within the same controlled environment. Prior to measurement, participants
removed all metal objects such as bracelets, watches, and accessories, and were
screened for potential contraindications, including pacemakers, other electronic
implants, or pregnancy. The measurement procedure required only a few minutes and
was conducted while participants stood on specialized equipment. Results were
automatically recorded and securely stored in the Lookin'Body 120 software for
detailed subsequent analysis and interpretation.

2. Methods

To achieve the scientific objectives and fulfill the established tasks, a
comprehensive methodological approach was employed, utilizing specifically adapted
and validated assessment tools.

2.1 Survey method

A direct, anonymous, individual questionnaire was conducted to assess dietary
behavior, lifestyle, and food frequency intake in shift and fixed daytime workers.
309 workers were surveyed, of whom 36 dropped out due to incomplete and missing
data in the questionnaires.

For this purpose, the research team adapted the 54-Food Frequency Questionnaire
(54-FFQ), which combines items from the validated Dietary Habits and Nutrition
Beliefs Questionnaire (KomPAN) by Kowalkowska et al. (2018) and the 72-Item Semi-
Quantitative Food Frequency Questionnaire (72-item SQ-FFQ) by Kowalkowska &
Wadolowska, (2022).

e KomPAN is a questionnaire developed to assess the physical activity and dietary
habits of the population. It provides information on the frequency, duration and
intensity of physical activity and exercise, as well as the types and quantity of food
consumed. This questionnaire is designed for individuals aged 15 to 65 years and
assesses dietary habits, frequency of food intake and lifestyle.

e The 72-item SQ-FFQ is a questionnaire designed to assess usual dietary intake for
the same age group. It includes 72 questions that track the frequency of consumption
of various foods and beverages over one year.

The selection of instruments incorporated into the 54-FFQ was based on a
thorough systematic literature review of food frequency questionnaires (FFQs),
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focusing on their applicability to the specific participant group targeted in this study.
Particular attention was given to the feasibility of adapting the questionnaire to the
Bulgarian population, thereby ensuring optimal relevance and accuracy of the collected
data.

The 54-FFQ was developed to examine various aspects of eating behavior, sleep
quality, physical activity, and health status in shift workers. The adapted instrument
included the following panels:

e 54-FFQ 1.1 - Socio-demographic section: contains 6 questions.
54-FFQ 1.2 - Work and shift work: contains 7 questions.
54-FFQ 1.3 - Health: contains 6 questions.
54-FFQ 1.4 - Sleep quality and chronotype: contains 9 questions.
54-FFQ 1.5 - Eating Behaviour: contains 10 questions.
54-FFQ 1.6 - Physical activity: contains 6 questions.
54-FFQ 1.7 - Smoking: contains 4 questions.
54-FFQ 1.8 - Frequency of dietary intake: contains 54 questions.

The questionnaire is structured into eight sections, encompassing socio-demographic
data, work characteristics, health status, sleep quality, eating behaviors, physical
activity, and smoking habits. The first section collects fundamental socio-demographic
information, including sex, age, height, weight, education level, and marital status. The
second section examines participants' employment history, work schedule and nature
of work, duration of employment in the current position, and income level. The third
section evaluates participants' health status, specifically the presence of medically
diagnosed conditions such as diabetes, cardiovascular diseases, hypertension, and high
cholesterol. The fourth section explores sleep quality and chronotype, addressing sleep
duration, frequency of sleepiness and sleep disturbances, and preferred time of day for
optimal work performance. The fifth section investigates eating behavior, assessing
meal regularity, frequency of eating between meals, and nighttime eating patterns. The
sixth section focuses on physical activity, including types of sports or exercise
practiced, as well as the intensity of physical activity on weekdays and weekends. The
seventh section addresses smoking behaviors, including current smoking frequency,
the quantity of tobacco products consumed, and past smoking history. Finally, the
eighth section assesses dietary intake frequency across 54 food and beverage groups,
allowing a detailed analysis of dietary habits. Participants indicate their consumption
frequency for each food category, ranging from several times a day to never or rarely.
This comprehensive section covers diverse categories, including confectionery, dairy
products, meats, cereals, vegetables, fruits, fats, soft drinks, and alcoholic beverages.

2.2. Objective methods of data collection and analysis
2.2.1. Body mass index

BMI calculation was performed for each participant based on height and weight
as measured by the InBody 270. This standard anthropometric method was used in
combination with the other parameters obtained through the BIA to provide a more
comprehensive and detailed assessment of participants' general health.
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BMI = weight/(height)?

2.2.2. Body composition testing and assessment by BIA InBody 270

Body composition parameters were assessed using segmental tetrapolar
bioelectrical impedance analysis (BIA) with the InBody 270 device. The analyzer
measures body composition by sending a weak electrical current through the body,
allowing accurate and non-invasive evaluation of various body compartments (Figure
1).

Figure 1. InBody 270 bioelectrical impedance analyzer for body
composition assessment Source: InBody USA

The InBody 270 device is currently registered as a medical device with the
Bulgarian Drug Agency (BDA). Its accuracy and validity have been demonstrated
through comparative studies with gold-standard techniques such as Dual-Energy X-ray
Absorptiometry (DEXA), one of the most precise methods available for assessing body
composition. The InBody 270 employs predictive equations that calculate body
composition based on tissue-specific resistance measurements obtained via BIA. These
equations have been validated across numerous population-based studies and have
been adapted for diverse demographic groups, including adults, children, and
individuals with varying levels of physical activity, thus ensuring a reliable and
accurate assessment of body composition and its components.

The method is based on the fact that different components in the body
composition - fat, muscle and water have different levels of resistance. This allows the
device to calculate a detailed characterization of body parameters such as fat, muscle
mass, total body water and other components that are key to body composition
assessment. The InBody 270 is based on a four-component model that divides the body
into:

1. Total amount of body water
2. Total amount of body fat

3. Total amount of protein
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4. Total amount of minerals

The four-component model offers a more accurate analysis of an individual's body
composition and health status than simpler models, such as the two-component model
(which divides the body into total fat and fat-free mass) (Figure 2).

2-components 3-components 4-components 5-components 6-components

Fat mass (FM)

Fat mass (FM)

Fat mass (FM)

Fat mass (FM)

Fat mass (FM)

Fat-free mass*
(FFM)

Water

Water

Water

Water

Fat-free
dry mass**

Protein

Protein

Protein

Mineral

Bone mineral
content (BMC)***

Bone mineral
content (BMC)***

Non-osseous
mineral content™**

Non-osseous
mineral content™*

Glycogen

Figure 2. Multicomponent models in body composition estimation
Source: MRC Epidemiology Unit: ‘Components measured to generate different multi-
component models'

Principle of body composition testing by BIA InBody 270

The principle of BIA is based on the measurement of the body's electrical
impedance, which is a combination of the physical parameters resistance (R) and
reactance (Xc).

Z=R+Xc

Resistance (R) refers to the degree of difficulty an electric current encounters when
passing through bodily tissues. Tissues with higher water content, such as muscle,
exhibit lower resistance, whereas fat tissues, having lower water content, demonstrate
higher resistance. The InBody 270 device estimates tissue resistance, which directly
indicates their hydration levels. By measuring resistance, the device accurately
evaluates body fat, muscle mass, and total body water. These measurements are
integrated to deliver a comprehensive assessment of body composition, including
muscle mass distribution and body fat percentage.

Muscle tissue, rich in water and electrolytes, facilitates electrical conductivity
and thus presents lower resistance values. In contrast, fatty tissues are poor
conductors due to their low water content, generating higher resistance values. The
InBody 270 leverages these differences in tissue conductivity to precisely calculate
amounts of muscle and fat within the body. Consequently, tissues with higher
conductivity (muscle) yield lower resistance, while those with lower conductivity
(fat) yield higher resistance, enabling the device to provide accurate estimations of
overall body composition.
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To ensure stable and precise measurements, the InBody 270 employs an eight-
point electrode system. Participants position their hands and feet onto the electrodes,
forming an electrical circuit through which weak currents at frequencies of 20 kHz
and 100 kHz pass. The resulting impedance measurements at these specific
frequencies serve as the basis for computing various body composition parameters.
The impedance values, visible on the analyzer’s display, are directly translated into
clear, interpretable body composition indicators.

The InBody 270 conceptualizes the human body as a series of interconnected
cylinders—arms, legs, and torso. By calculating resistance through these segments
via a weak electrical current, it accurately determines the volume and distribution of
body fluids, muscle, and fat tissues (Figure 3). This cylindrical model significantly
enhances the precision of assessing overall body proportions and composition.

Segmental Lean Analysis ::--u-,;-----:
Left Arm Right Arm
3.991b ~ Trunk 4.171b
90.2 % 3691 94.1 %

92.2%
_ Leftleg Rightleg
10.1616 10.36 1b
72.8 % 74.3 %

Figure 3. Segmental analysis of lean muscle mass

Participants were instructed in advance to abstain from food and fluid intake for
two hours prior to the study, to avoid heavy physical activity immediately prior to
measurement, and to remove all metal objects from the body (jewelry, watches,
glasses). The measurement process took about 1 minute.

2.3. Statistical methods for data analysis

- Variance analysis - when describing quantitative indicators (signs). Results are
presented as mean =+ standard error (mean £ SD) and as median (25th and 75th
percentile).

- Alternative analysis for estimating frequency distributions in qualitative
variables and grouped data.

- Correlation analysis to assess the strength of the relationship between the
indicators under study (Pearson correlation coefficient for quantitative indicators,
Spearman coefficient for qualitative variables, calculation of Cronbach's coherence
coefficient, Spearman-Brown coefficient).

- Fisher's exact test was used to test the hypotheses of a non-significant (random)
effect of a factor in four-fold tables and the y2 criterion in multiple tables.
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- Mann-Whitney U test was used to compare two independent groups with non-
normally distributed parameters.

- The Kolmogorov-Smirnov test was used to check the normality of the
distribution;

- The significance level of the null hypothesis was set at P<0.05 with 95%
confidence interval.

- Differences were interpreted as significant (at P<0.05), significant at high
confidence level (at P<0.01) and significant at a very high confidence level (at
P<0.001).2.3.3.

2.3.1. Graphical analysis - MS Excel 216 was used to present the results

2.3.2. Software products - the statistical processing of the data was performed using
SPSS v22.0.
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IV. RESULTS AND DISCUSSION

1. Adaptation of a toolkit to assess lifestyle and frequency of dietary intake.

The 54-FFQ questionnaire was adapted for the current study. After obtaining
written consent from the authors, the research team began the adaptation process to
ensure its suitability for the Bulgarian population. Given that the reliability of the
KomPAN and 72-item SQ-FFQ had previously been established only within a Polish
context, a culturally appropriate translation and adaptation was necessary before their
use in Bulgaria. The translation of the original English version of the 54-FFQ into
Bulgarian was performed following standardized methodological guidelines for
questionnaire translation. Initially, the author, proficient in English, translated the
guestionnaire into Bulgarian. A subsequent back-translation into English was
conducted by a specialist in English philology who was blind to the original English
guestionnaires. Finally, an independent expert, a native English speaker, compared the
original and back-translated versions to ensure linguistic accuracy and consistency.

The adaptation of the 54-FFQ questionnaire was performed with careful
consideration of local dietary patterns and national specifics. The original list of 72
food items developed by Kowalkowska and Wadolowska was reduced to 54 by
excluding items that are atypical or uncommon within the Bulgarian dietary context.
Additionally, various types of fruits and vegetables were consolidated into broader
categories labeled ‘fruit’ and ‘vegetables’. These modifications were approved and
supported by the original authors of the 72-item SQ-FFQ. To simplify the questionnaire
and reduce respondent burden, the sections requiring food portion size estimations were
removed, placing the primary focus instead on frequency of consumption.

Following these adjustments, the finalized version of the questionnaire was
approved. It comprises eight distinct sections, with the first seven derived from
KomPAN and dedicated to gathering data on respondents' demographic characteristics,
work schedules, and lifestyle factors. The eighth section, adapted from the 72-item SQ-
FFQ, specifically assesses food frequency intake.

Following review and agreement between the authors of the 54-FFQ, a pilot test
and a follow-up statistical analysis were conducted to assess the reliability,
reproducibility and internal consistency of the questionnaire. For the adaptation
procedure, a sample of 46 individuals on a shifted and fixed daily schedule was formed
by random selection. Due to the lack of re-test in 6 individuals, adaptation was
performed based on 40 respondents, 14 (35%) males and 26 (65%) females aged 21 to
61 years (mean age 39.80+ 12.08).

The reproducibility of the adapted 54-FFQ was assessed by the Test-Retest
method. After being instructed, the questionnaire was completed twice within two
weeks by the respondents. At the re-administration, participants did not have access to
the first completed copy. The reproducibility of the adapted 54-FFQ was assessed by
calculating the coefficients of concordance (rsb) for each of the 54 food groups, and
the statistical significance of these results was determined using a p-value (p<0.05). At
the same time, Spearman's rank correlation coefficient (rho) was estimated to assess
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the correlation between first and repeated questionnaire completion. The results are
presented in Table 1 in descending order of rsb values.

Table 1. Correlation coefficients (rsb) and statistical significance (p-value) for all
54 food groups after the first and second questionnaire completion by respondents.

FOOD GROUP Fsb p-value
1. Perishable meat products 1.000 0.001
2. Wine and alcoholic cocktails 0.888 <0.0001
3. Dairy cream 0.799 <0.0001
4. Sweetened breakfast cereals 0.789 <0.0001
5. Mayonnaise 0.786 <0.0001
6. Other potato products 0.763 <0.0001
7. Raw-dried sausages 0.754 <0.0001
8. Other animal fats 0.745 <0.0001
9. Fruit juices 0.736 <0.0001
10. Soft cheeses 0.728 <0.0001
11. Beer 0.723 <0.0001
12. Energy drinks 0.720 <0.0001
13. Eggs and egg dishes 0.710 <0.0001
14. Spirits 0.707 <0.0001
15. Sweetened milk and milk drinks 0.696 <0.0001
16. White (wheat) bread 0.685 <0.0001
17. Honey 0.660 <0.0001
18. Candied products 0.660 <0.0001
19. Sugar 0.657 <0.0001
20. Salty snacks 0.656 <0.0001
21. Fine-grained crops 0.649 <0.0001
22. Red meat 0.642 <0.0001
23. Game meat 0.638 <0.0001
24. Hard cheeses 0.633 <0.0001
25. Margarine 0.627 <0.0001
26. Nuts 0.617 <0.0001
27. Fast foods 0.608 <0.0001
28. Ice creams and custards 0.607 <0.0001
29. Salty pancakes 0.605 <0.0001
30. Chocolate 0.603 <0.0001
31. Cow’s milk butter 0.603 <0.0001
32. Brown (wholemeal) bread 0.581 <0.0001
33. Poultry meat and rabbit meat 0.577 <0.0001
34. Natural milk and dairy beverages 0.544 <0.0001
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35. Wholegrain crops 0.544 <0.0001
36. Vegetable juices 0.527 <0.0001
37. Seeds and bran 0.525 0.001
38. Nut creams 0.517 0.001
39. All types of fruit 0.515 0.001
40. Unsweetened breakfast cereals 0.510 0.001
41. Sausages, frankfurters and 0.506 0.001
bratwurst
42. Fatty fish 0.487 0.001
43. Pulses 0.484 0.002
44, Confectionery products 0.479 0.002
45. French fries and chips 0.476 0.002
46. All types of vegetables 0.474 0.002
47. Carbonated soft drinks 0.472 0.002
48. Brown spaghetti and macaroni 0.451 0.003
49. Lean fish 0.399 0.011
50. Offal 0.396 0.012
51. Sweet pancakes 0.392 0.012
52. White (wheat) spaghetti and pasta 0.305 0.056
53. Boiled or baked potatoes 0.290 0.070
54. Vegetable fats 0.192 0.236

We found statistically significant differences for 51 of the 54 food groups
(p<0.05). No statistically significant differences were found for three food groups:
white spaghetti and macaroni (r=0.305, p=0.056), boiled or baked potatoes (r=0.290,
p=0.070) and vegetable fats (r=0.192, p=0.236), suggesting that these food groups
require reformulation in future versions of the questionnaire.

A total of 41 out of 54 food groups showed rsb > 0.500, indicating good
reproducibility and reliability in estimating consumption frequency for these food
groups. 14 food groups showed high reproducibility with rsb > 0.700, with the highest
values observed for perishable meat products (r=1.000), wine and alcoholic cocktails
(r=0.888), diary cream (r=0.799) and mayonnaise (r=0.786). 27 food groups had rsb
between 0.506 and 0.696, such as brown (wholemeal) bread (r=0.581), white (wheat)
bread (r=0.685), salty snacks (r=0.656), fast foods (r=0.608) and red meat (r=0.642)
also showed reliable reproducibility. For 7 food groups the rsb was between 0.487 and
0.451, with fatty fish, pulses, fries and chips falling within this range. 3 food groups
showed low reproducibility with rsb < 0.399, including animal offal (r=0.396), sweet
pancakes (r=0.392) and lean fish (r=0.399).

The average Spearman's coefficient for all food groups is 0.607.
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2. Comparative analysis of eating behavior and frequency of intake of different
food items in fixed and shift workers

The study involved 309 workers, with 160 (51.80%) on fixed daytime
schedules and 149 (48.20%) on shift work schedules. Table 2 shows the
demographic characteristics of the respondents.

Table 2. Characteristics of the participants, N=309

o N=309

Characteristics Meap + SE/N (%)
Gender
- Male 82 (26.5%)
- Female 227 (73.5%)
Age 44.76+0.66
Years of work experience in current job 12.74+0.59
Education
- Primary 1 (0.3%)
- Secondary 15 (4.9%)
- High school 105 (34.0%)
- Vocational secondary 97 (31.4%)
- Professional Bachelor's degree 4 (1.3%)
- Bachelor's degree 29 (9.4%)
- Master's degree 58 (18.8%)
Marital status
- Married 169 (54.7%)
- Single 52 (16.8%)
- Divorced 15 (4.9%)
- Separated 2 (0.6%)
- Widowed 17 (5.5%)
- In a partnership 54 (17.5%)
Smoking
- Smokers 171 (55.3%)
- Non-smokers 138 (44.7%)
Earnings
- Below the average for Bulgaria 160 (51.8%)
- Atthe average level for Bulgaria 135 (43.7%)
- Above the average for Bulgaria 14 (4.5%)

The average age of the participants is 44.76+0.66, SD=11.57 (Table 3).
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Table 3. Distribution of participants by sex and work schedule

Group Sex N | Meap £+ SE SD Min Max
Fixed daytime men | 52 | 40.69+1.84 | 1328 | 18.00 | 68.00
schedule women | 108 | 44.07+1.05 | 10.88 | 21.00 | 63.00

men 30 | 45.07£2.45 | 1341 25.00 76.00
Shift work

women | 119 | 47.08 £0.96 | 10.42 21.00 64.00

The average total years of employment for participants is 22.514+0.66 years
(SD=11.65) and the average number of years in their current job is 12.74+0.59 years
(SD=10.34).

In assessing participants’ eating habits over the past four weeks, we found
that 247 (79.9%) of them did not limit their calorie intake, and 245 (79.3%) did not
restrict their salt consumption.

Did you limit your kilocaloric intake for the
past 4 weeks?

Yes - 32 (21.5%)
30 (18.8%)
117 (78.5%
vo [
130 (81.3%)

-41 9 59 109 159 209 259 309

B shift work B fixed-day schedule

Figure 4. Comparative analysis of self-reported kilocaloric intake restriction
among workers on shift and fixed daytime schedules
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Did you limit your salt intake for the past 4
weeks?

Yes ‘30 (20.1%)
34 (21.3%)
-

-41 9 59 109 159 209 259 309

119 (79.9 %)
126 (78.8%)

B shift work B fixed-day schedule

Figure 5. Comparative analysis of self-reported salt intake restriction among
workers on shift and fixed daytime schedules

There were no statistically significant differences between the two groups

regarding these dietary practices or in adherence to restrictive diets over the past
four weeks (Figure 6) (Table 4).
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Did you follow a diet for the past 4 weeks?

Yes ! 12 (8.1%)
16 (10.0%)

No
114 (90.0%)

-41 9 59 109 159 209 259 309

B shift work B fixed-day schedule

Figure 6. Comparative analysis of dietary compliance among shift and fixed
daytime workers

Table 4. Restriction of calorie and salt intake

No Yes 2 df
N (%) N (%) X P
Have you limited your
kilocalorie intake in the
last 4 weeks?
Fixed daytime schedule 130
0 0
(81.3%) 30 (18.8%) 0358 | 1 O.g?
shift work 117 32 (21.5%)
(78.5%)
Have you limited your
salt intake in the last 4
weeks?
Fixed daytime schedule
126 0 0.88
(78.8%) 34 (21.3%) | 0.058 | 1 3
i 0,
shift work 119 30 (20.1%)
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(79.9%)

Have you dieted in the

last 4 weeks?
Fixed daytime schedule 144 0.69
(90.0%) 16 (10.0%) | 0.355 | 1 '2
shift work 137 12 (8.1%)

(91.9%)

Regarding the three main meals (breakfast, lunch, and dinner), 64.7% of
participants reported not following a regular meal schedule. There were no
significant differences between the two groups in adherence to these meals
(%*=0.719, df=1, p=0.407) or the consumption of foods between meals (y*=6.752,
df=4, p=0.150).

However, when analyzing the frequency of nighttime eating, significant
differences were found between the two groups (}*>=27.887, df=2, p<0.001)

shift work

e _

O 10% 20% 3S0% 40% 50% 60% 7TO0% BO0% S0% 100%

B no, for the past 4 weeks B yes, less than one time per week
B yes, one or more times per week

Figure 7: Frequency of night feedings in the fixed daytime and shift work
groups

In both groups we studied, sugary foods were the most commonly consumed
items during nighttime eating, with fruits and vegetables following in frequency
(Figure 8).

23



15.6%

A
B 21.7%

Sandwiches T SEEEEERES 32.3%

B 10.9%

0,
Dairy products ilofsf’z%

Cooked dishes

0,
Salty crackers, biscuits and others ﬁﬁz)ls?ﬁﬁ

34.4%

Frui | —
ruits and vegetables B 56.5%

Sweets (waffles, biscuits, croissants, chocolate, [N 32.3%

etc.) B 28.3%

0% 20% 40% 60% 80% 100%

m shift work ® fixed day schedule

Figure 8: Distribution of food groups at night in the study groups

In the shift work group, the consumption of different food categories was
fairly balanced: 34.4% of participants ate fruits and vegetables, 32.3% consumed
sugary foods, another 32.3% preferred sandwiches, 21.9% ate snacks like pretzels
and crackers, and 10.4% consumed dairy products.

We identified statistically significant differences between the two groups in
the types of foods consumed during nighttime eating (¥*>=15.639, df=6, p=0.016).
Those on a fixed daytime schedule were more likely to eat sugary foods at night,
whereas shift workers tended to eat sandwiches more frequently during nighttime.
Despite these differences, 96.8% of participants reported that they primarily
consume cooked meals.

Additionally, to align with the study’s objective, it was essential to assess the
frequency of food intake across various categories of commonly consumed foods
and beverages in the Bulgarian population, covering a total of 54 food items.
Significant differences between the two groups were observed (Table 5). Shift
workers exhibited a high er tendency to consume white (wheat) bread (U=9583.0,
p=0.003), fast food (U=10352.0, p=0.045), margarine (U=9552.0, p=0.001), fried
potatoes and chips (U=10329.5, p=0.041), and processed meat such as sausages and
hot dogs (U=10182.5, p=0.021) compared to those with fixed daytime schedules.
In contrast, those on fixed daytime schedules were more likely to consume fruits
(U=10230.0, p=0.034) and vegetables (excluding potatoes) (U=10344.0, p=0.047).
They also showed a higher preference for drinking beer (U=9988.0, p=0.008),
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alcoholic cocktails (U=8537.5, p<0.001), and spirits (U=9890.5, p=0.005). Detailed
results are presented in Table 5.

Table 5. Frequency of food intake among workers on fixed daytime schedule and
shift work schedule

Types of food and Mean
drinks Group N Rank U z P
fixed
: 10409. -
lce creams and dahytémle 160 145.56 5 2 009 0.045
custards sehedule
shift work 149 165.14
fixed
. daytime 160 140.39
White (wheat -
bread) schedule 9583.0 2 956 0.003
shift work 148 169.75
fixed
daytime 160 145.20 )
Fast foods schedule 10?(’)52' 5007 0.045
shift work 148 164.55
fixed
daytime 160 140.20 )
Margarine schedule 9552.0 3387 0.001
shift work 148 169.96
fixed
daytime 160 164.56 )
Fruits schedule 10%30' 5124 0.034
shift work 148 143.62
fixed
Vegetables daytime | 160 | 163.85 | 19344 | -
(potatoes schedule 0 ' 1987 0.047
excluded) - '
shift work 148 144.39
fixed
Fried patatoes and d?]ytémle 160 | 145.06 | 19309 | - 0.041
chips senedlle 5 2.045 | &
shift work 148 164.71
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fixed
Sausages, daytime 160 | 144.14 | 19182 -
frankfurters and schedule 5 ' 5303 0.021
bratwurst - '
shift work 149 166.66
fixed
daytime 160 167.08 )
Beer schedule 9988.0 2 640 0.008
shift work 149 142.03
fixed
Wine and daytime 160 176.14 ) 0.001
alcoholic cocktails | Schedule 8537.5 | 4 518
shift work 149 132.30
fixed
N daytime 160 167.68 )
Spirits schedule 9890.5 5 833 0.005
shift work 149 141.38

3. Assessment and comparative analysis of body composition and associated

health risk in fixed daily and shift workers by BIA InBody 270

Assessment of body composition was performed using multi-frequency
bioimpedance analysis (InBody 270). Participants in administrative roles were
excluded to ensure objectivity, due to differences in job duties and physical activity
compared to the operators and technicians who comprised the study group. Body
composition was assessed in 133 participants, followed by comparative analysis
between fixed daytime schedules and shift work groups. Participants' ages ranged
from 18 to 68 years (mean 45.47, SD = 12.05). Age distribution by group is

presented in Table 6.

Table 6: Age distribution by groups

Work schedule N Mean Standard deviation I\g' I\fl(a

Fixed daytime 44 | 44.00 13.694 18 | 68
schedule

Shift work 89 | 46.19 11.155 21 | 64

Gender distribution was balanced in the fixed daytime regimen group,
whereas the shift work group was predominantly female (Figure 9).
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100
90
80
70
60
50
40
30
20
10

Distribution of participants by gender and work
schedule

85.4

56.8
43.2

14.6

fixed-day schedule shift work

B men B women

Figure 9. Gender distribution by groups

All participants had over 10 years of experience in their current job and
respective work schedules, ensuring homogeneity of the sample regarding work
experience (Figure 10).
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Years of service at current job, work
schedule and work experience

. 13.87
Years of work on current shift
- )
Total years of work experience ___ 23.99
22.14
Years of work at current job 1 15.3
12.38

0 20 40 60 80 100

B shift work B fixed-day schedule

Figure 10. Participant distribution according to years of service in their current
job and work schedule.

The mean duration of employment in the current position was 12.38 years (SD
= 11.50) for fixed daytime workers and slightly higher at 15.30 years (SD = 11.90)
for shift workers. Total employment duration was similar between groups: 22.14
years (SD = 14.05) for fixed daytime and 23.99 years (SD = 11.87) for shift mode.
The average duration in the current work schedule was 12.21 years (SD = 13.58)
for fixed daytime workers and 13.87 years (SD = 10.21) for shift workers (Table 7).

Table 7: Descriptive characteristics of work experience indicators by work mode

Indicator Work schedule N | Mean | SD | Min | Max
Vears ofsovice o S':g;;gguo:‘zytime 44 | 124 | 115 | 1 | 44
Shift work 80 | 153 | 119 | 0 | 42
Years of work on SFgﬁggudlgytime 44 12.2 13.6 1 43
currentschedule  Fopie work 80 | 139 | 102 | 0 | 40
Total years of f;,fﬁﬁj‘;‘y“me 44 | 221 | 140 | 1 | 47
work experience syt work 80 | 240 | 119 | 2 | 45

No statistically significant differences were observed between groups regarding
years of service in the current job (p = 0.12), duration on the current work schedule
(p = 0.05), and total years of work experience (p = 0.40) (Table 8).
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Table 8: Comparison by length of service and working pattern

Median
Indicator Work schedule | N (25th - 75th z* p
percentile)
Fixed daytime
Years of service | schedule 44 1 115(1.7-15.0) 18561 | 0.1
on current job Shift work 89 13.00 (6.0 - ' '
20.0)
vearsofwork | Fixeddaytime || 741450
on current schedule -1.977 | 0.05
schedule Shift work 89 | 12.0(6.0-20.0)
Fixed daytime 44 16.50 (11.00 -
Total years of schedule 37.75) .0.842 | 0.40
work experience Shift work 89 22.00 (15.00 - ' '
35.50)

CoNoOhrwWNDE O WD O

To ensure study objectivity, administrative personnel were excluded due to
differences in job duties and physical activity compared with operators and technicians,
who represented the primary group. Job titles in the fixed daytime group varied, with
operators (27.3%) and quality controllers (20.5%) being the most numerous, alongside
various technical and engineering positions. In contrast, operators dominated the shift
group (66.3%).
A comprehensive body composition assessment was conducted on 133
participants, followed by a comparative analysis between the fixed daytime and shift
groups. Thirteen body composition indicators were evaluated:

Anthropometric indicators:

Weight
BMI

Waist-to-hip ratio (WHR)
Obesity Degree (OD)

Body composition indicators:
Total Body Water (TBW)

Protein
Minerals

Body Fat Mass (BFM)

Fat Free Mass (FFM)
Skeletal Muscle Mass (SMM)
Percent Body Fat (PBF)
Basal Metabolic Rate (BMR)
Visceral Fat Level (VFL)




Comparative analysis of the means between the two groups revealed no
statistically significant difference for body weight, BFM, WHR, OD and BMI

(Table 9).
Table 9. Comparison of InBody metrics by work schedule type
Median
Indicator Work (25M-75" | Min | Max | Z p
schedule ;
percentile)
Fixed daytime | 77.85 (65.75 - 5030 145.0
Weight, kg schedule 90.00) ' 0
’ , 74.80 (64.40 - 159.2
Shift work 89.70) 42.00 0 -0.921 | 0.36
Fixed daytime | 39.15 (33.65 -
To\tls{lﬂté?dy schedule 48.15) 27.60 | 56.30
(TBW), | Shift work 35'6??9(28560 | 24.80 | 71.30 | -2.654 | 0.008
Fixed daytime | 10.75 (9.00 -
. schedule 12.85) 7.50 | 15.60
Protein, kg 9.50 (8.20 -
Shift work 10.50) 6.70 | 19.20 | -2.789 | 0.005
Basal Fixed daytime 1523.5 1188. | 2232.
metabolic schedule (1355.8 - 0 0
rate 1798.5)
(BMR) . 1421.0 1100. | 2465
keal ’ Shift work (1271.5 - 0 ' 0 " | -2.649 | 0.008
1540.0)
Fixed daytime | 3.71(3.35-
Minerals, schedule 4.34) 2.75 | 530
kg Shift work 3'32 (7%)00 " | 230 | 6.47 |-2.635 | 0.008
Fixed daytime | 22.00 (16.00 -
B?:gs:at schedule 29.65) 6.30 | 75.40
(BFM), kg Shift work 24'6??2(13510 "| 5.20 | 62.20 | -1.320 | 0.19
Fixed daytime | 53.45 (45.85 -
F?;:Srsee schedule 65.45) 37.90 | 77.00
(FFM), kg |  Shift work 48'75?4(1%580 " 133.80 | 97.00 | -2.649 | 0.008
Skeletal Fixed daytime | 30.25 (25.10 -
muscle schedule 36.90) 20.50 | 44.90
mass . 26.60 (22.80 -
(SMM), kg Shift work 29.70) 17.90 | 55.90 | -2.714 | 0.007
Percent Fixed daytime | 27.20 (22.05 -
Body Fat schedule 33.60) 1060 | 52.00

30




(PBF) Shift work 32'059(28500 "1 970 | 52.70 | -2.370 | 0.018
. Fixed daytime | 0.91 (0.86 -
\ﬁ/_alst—t_o— schedule 1.00) 0.78 1 1.14
ip ratio 0.94 (0.87 -
(WHR), cm Shift work ' 1 01') 0.77 | 113 | -0.704 | 0.48
. Fixed daytime | 122.5 (108.25
32;?'62’ schedule _138.75) | 020 | 2230
. 127.0 (106.50
(OD) Shift work - 140.50) 80.0 | 228.0 | -0.421 | 0.67
Fixed daytime | 26.60 (23.30 -
BMI schedule 30.15) 17.50 | 47.90
. 27.30 (23.00 -
Shift work 30.20) 17.30 | 50.20 | -0.232 | 0.82

Significant differences were found for BMR, TBW, FFM, SMM, PBF,
protein and minerals.

The group of participants on a fixed daily regimen was characterised by
higher mean TBW, protein, mineral and FFM values. At the same time, participants
on a shifted regimen had significantly higher PBF and lower TBW, protein, and
muscle mass. Table 10 shows the general characteristics of the main body
composition indices of the participants depending on the type of work mode.

Table 10. Descriptive characteristic of body composition indicators from InBody
270 according to the type of work schedule

Indicator Work schedule N I\/ISeSn Min Max
Fixed daytime 79.44 £
. schedule 44 18.81 50.30 | 145.00
Weight, kg 76.30 &
Shift work 89 19.90 42.00 | 159.20
Total body water F'Xe?] dg‘ylt'me 44 | 4090837 | 27.60 | 56.30
(TBW), | schedule
’ Shift work 89 |37.03+8.79 | 24.80 | 71.30
Fixed daytime
Protein, kg schedule 44 |1 11.04+2.33 | 750 | 15.60
Shift work 89 | 992+239 | 6.70 | 19.20
Fixed daytime
Minerals, kg schedule 44 | 386+0.72 | 2.75 5.30
Shift work 89 | 3.53+0.79 | 2.30 6.47
Fixed daytime 23.64 +
Body fat mass schedule 44 12.57 6.30 | 75.40
(BFM). kg Shiftwork | 89 215'18(?; 520 | 62.20
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Fixed daytime 55.80 +
Fat-free mass schedule 44 11.40 37.90 | 77.00
(FFM). kg Shiftwork | 89 5;).143;: 33.80 | 97.00
Skeletal mass Fixed daytime 44 131304703 | 2050 | 44.90
Muscle schedule
(SMM), kg Shift work 89 [2799+7.29 | 17.90 | 55.90
Body fat percentage F');i?qggzréme 44 | 28.64+9.76 | 10.60 | 52.00
(PBF) Shiftwork | 89 | 32692925 | 9.70 | 52.70
Waist-to-hip ratio F'Xe‘i]djylt'me 44 | 093009 | 078 | 1.14
(WHR), cm schedure
’ Shift work 89 | 0.94+0.09 | 0.77 1.13
Fixed daytime
BMI schedule 44 | 27.25+ 5.96 | 17.50 | 47.90
Shift work 89 | 27.58+ 6.23 | 17.30 | 50.20
Fixed daytime
VFL schedule 44 106+ 1 26
Shift work 89 12 6+ 2 26

The frequency of the indicators in the two groups according to the work mode
was analyzed (Figures 11, 12, 13, 14, 15, 16 and 17.), and the distribution of

participants in three categories, "below normal”, "normal™ and "above normal”, was
evaluated against the reference limits set by InBody270 for each indicator.

TBW values within the reference range were found in the majority of
participants studied for both groups (Figure 11). The percentage of excess values
was higher in the fixed daily regimen group (43.2%). On the other hand, subnormal
TBW levels were more prevalent in the shift workers group (9.0%) compared to the
fixed daytime group (6.8%).
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100.00%
80.00%
60.00%
40.00%
20.00%

0.00%

Total Body water, TBW

50.0%

43.2% 52.8%

38.2%
6.8%

9.0%

fixed-day schedule

shift work

M Below norm M Norm B Above norm

Figure 11. Distribution of TBW in the body composition according to the type

of work schedule

Subnormal protein levels were more common in the group working on a fixed
daytime schedule (9.1%) than in those working on shifts (7.9%) (Figure 12). Shift
workers were characterized by a significantly higher incidence of body proteins in

the reference range.
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Total body protein

100.00%
80.00%

60.00% 43.2% 47.7%

49.4%

40.00%

20.00%

0.00%

fixed-day schedule

shift work

B Below norm M Norm m Above norm

Figure 12. Distribution of total protein in body composition according to the
type of work schedule

The same trend was observed for body minerals - subnormal mineral levels were
more common in day workers (6.8%) compared to shift workers (2.2%) (Figure 13).
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Total body minerals
100.00%
80.00%
60.00% 52.3%
40.00%

20.00%

0.00%

fixed-day schedule shift work

B Belownorm M Norm B Above norm

Figure 13. Distribution of total minerals in the body composition according to
the type of work schedule

Half of the participants in both groups fell within the reference ranges for FFM,
50.0% in the fixed daytime schedule group and 52.8% in the shift work group
(Figure 14). There was a moderate difference between the two groups in subnormal

FFM values, which were recorded in 9.1% of participants on fixed daytime schedule
and in 7.9% on shift work.
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Fat Free Mass, FFM

100.00%
80.00%
60.00% 50.0%
40.00%
20.00%

0.00%

52.8%

fixed-day schedule

shift work

B Below norm M Norm B Above norm

Figure 14. Distribution of total fat-free mass in body composition according to the type
of work mode

Normal amounts of skeletal muscle mass SMM predominated in both groups, with
45.5% of participants on a fixed daytime schedule and 46.1% of those on shift work,
respectively (Figure 15). Subnormal levels of SMM were found in 13.5% of
participants on a shift work, compared with 9.1% on a fixed daytime schedule.
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Skeletal Muscle Mass, SMM

100.00%
80.00%
60.00% 45.5%
40.00%
ZDDO% g- 1%
0.00%

45.5% -
46.1% 40 1o,

fixed-day schedule

shift work

B Belownorm M Norm Above norm

Figure 15. Distribution of the total amount of skeletal muscle in the body composition
according to the type of work mode

In both groups, excess PBF values predominated, with 70.5% of participants on
a fixed daytime schedule and 79.8% of those on a shift work (Figure 16). Normal
PBF values were observed in only 14.6% of participants on the shift work, which

was significantly lower compared to the fixed daytime schedule, where 27.3% of
participants were within the reference range.
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Percent Body Fat, PBF
100.00%
20.00% 70.5%
60.00%
40.00%
20.00%
0.00%

79.8%

5,69 14.6%

fixed-day schedule shift work

B Below norm M Norm B Above norm

Figure 16. Distribution of percentage of fat in body composition according to
type of work mode

Shift workers had a significantly higher prevalence of excess VFL (56.2%)
compared to fixed daytime workers (31.8%) (p=0.010), while normal VFL levels

were found in 43.8% of shift workers and 68.2% of fixed daytime workers (Figure
17).
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Visceral Fat Level, VFL

100.00%

£0.00% 68.20%
60.00%

43.80%

56.20%

40.00%
20.00%
0.00%

31.80%

Norm

Above norm

B fixed-day schedule m shift work

Figure 17. Distribution of visceral fat level in body composition according to
the type of work mode

The comparative analysis of BMR between the two groups showed a
significantly higher metabolic cost in those working on a fixed daytime schedule

compared to those on a shift work, with a variance of 423.50 kcal vs 266.00 kcal in
the shifted regimen (p=0.008) (Table 11).

Table 11. Basal Metabolic Rate (BMR)

Median
(25th - 75t
percentile)
: : 1523.50
F'Xsec‘i]ggzltéme 44| (1360.50 -
Basal Metabolic 1784.00)
Rate (BMR) 1421.00

(1273.00 - -2.649 | 0.008
1539.00)

Indicator Work schedule | N

Shift work 89
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4. Preventive strategies for diet and sleep organization in shift workers

Shift work poses significant challenges to maintaining optimal health. A
balanced diet, adherence to regular meal times, proper hydration, and quality sleep can
substantially enhance workers' performance during shifts.

In recent years, considerable research effort has been dedicated to identifying
strategies that mitigate health risks and improve the quality of life among shift workers.
Given the notable adverse health effects associated with shift work, some
recommendations include limiting the duration of permanent shift assignments to one
or a few years, based on the individual health status, or reducing overall working hours
to alleviate stress.

Employer-driven supportive interventions, such as providing nutritious hot
meals during night shifts, implementing sleep management strategies, and offering
guidance on healthy dietary practices, significantly benefit the health and productivity
of shift workers. Establishing a supportive workplace environment by promoting health
awareness and encouraging individual responsibility for self-care helps workers better
understand and manage associated challenges. Further beneficial measures may
include introducing employee assistance programs, conducting regular medical
screenings, and fostering effective communication between employees and
management, all of which positively influence workers' overall health and well-being.

The recommendations proposed within this thesis are specifically tailored to the
studied group and are grounded in scientific evidence (Diagram 1).

Diagram 1. Prevention strategies for diet and sleep organization in shift

workers

PROPHYLACTIC NUTRITION FOR SHIFT WORKERS

!

Timed Eating Strategies According to Metabolic
Needs: The main meal should be consumed before
the night shift. A light meal after a night shift
supports sleep and reduces the risk of illnesses. Late-
night eating should be avoided. A light nighttime
snack can help reduce drowsiness and dizziness.

Gastrointestinal Health: Focus on easily
digestible foods in small, frequent portions, with
mmmmmg  increased consumption of fruits and vegetables. B
Limiting nighttime eating helps reduce
discomfort.
Optimization of Nutritional Intake: Focuses on foods
with a low glycemic index and a reduced content of
fats and sugars to improve glucose and insulin

response.

(Caffeine Intake: Moderate consumption of up to 3-4
cups per day, with the last intake at least 4-6 hours
before sleep. A personalized approach is
recommended, with controlled doses to prevent
anxiety and insomnia.

Monitoring of Cardiovascular Health: Focus on blood

pressure and heart rate variability (HRV).

Maintaining Hydration: Essential for cognitive and
physical performance.
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V. CONCLUSIONS

. A validated toolkit for comprehensive lifestyle and dietary frequency assessment in
shift workers in the mechanical engineering sector was adapted. The questionnaire
demonstrated high reliability and reproducibility for the Bulgarian population.

. Unhealthy eating behaviors were observed among shift workers, including an
increased tendency for frequent consumption of high-calorie, high-salt, high-sugar,
and high-fat foods, such as white bread, fried potatoes, processed meat products
(e.g., sausages and frankfurters), and sweets.

. Shift workers exhibited a clear tendency toward irregular eating patterns,
characterized by frequent skipping of main meals (breakfast, lunch, and dinner) and
an increased frequency of nighttime meals.

. Shift workers were significantly more likely to consume foods high in sugar.

. Workers on a fixed daily schedule were more likely to consume alcohol than those
on a shift schedule.

. Shift workers displayed a strong preference for unhealthy foods, particularly during
nighttime meals, despite the availability of employer-provided meals.

. An unhealthy body composition was observed in shift workers, indicating a higher
health risk compared to fixed daytime workers:

Shift workers exhibited a significantly higher incidence of visceral fat levels above
the normal range compared to those on a fixed daily schedule.

Shift workers had a higher percentage of total body fat than fixed daytime workers.
Shift workers demonstrated lower levels of total body water compared to those on
a fixed daily schedule.

Shift workers had a lower rate of core metabolic turnover relative to fixed daytime
workers.

. Prophylactic recommendations for diet and sleep organization in shift workers were
proposed.
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VI. SUMMARY

In the present study, we conducted a comparative analysis of dietary behaviors
and body composition among shift workers and fixed daily workers to evaluate their
risk of cardiometabolic disease. Our findings indicate significant differences between
these groups, underscoring the need for tailored interventions and targeted occupational
health policies aimed at improving health outcomes and reducing disease risks.

Shift workers exhibited irregular dietary patterns characterized by frequent meal
skipping and nighttime food consumption. Despite the availability of balanced,
organized meals at the workplace, shift workers showed a higher preference for calorie-
dense, processed foods and confectionery products. Additionally, the observed lack of
control over calorie and salt intake further elevates their risk of obesity and
hypertension.

Analysis of body composition revealed that shift workers had significantly less
favorable results, including a higher incidence of elevated VFL and PBF, as well as
lower TBW, compared to workers on a fixed daytime schedule. These unfavorable
body composition parameters, combined with lower basal metabolic rates BMR,
contribute substantially to an increased risk of metabolic disturbances and
cardiometabolic diseases.

Irregular eating habits, particularly meal skipping and night-time eating, highlight
the importance of structured dietary strategies promoting regular, balanced food
consumption. Additionally, disruptions in circadian rhythms, which can lead to
hormonal imbalances and increased cravings for sugary and energy-dense foods,
indicate the necessity for targeted interventions to optimize sleep quality.

Implementing interventions designed to enhance awareness and encourage
healthier dietary choices among shift workers could significantly improve dietary
behaviors, mitigate health risks, and lower the prevalence of cardiometabolic diseases
within this population.
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VII. RECOMMENDATIONS

Health significance of dietary recommendations in shift workers

Shift work negatively impacts physiological processes and workers' overall
health, predisposing them to chronic disruptions in circadian rhythms, metabolic
disturbances, and the development of unhealthy eating behaviours. To effectively
mitigate these health risks, targeted interventions focusing on diet optimization and
sleep management are essential. Implementing a balanced diet alongside appropriate
meal timing and sleep schedules can significantly improve metabolic profiles and
reduce the adverse effects associated with shift work. Increasing awareness among shift
workers and encouraging healthier lifestyle choices can substantially enhance their
dietary behaviour, metabolic health, and overall well-being.

Targeting recommendations to major health problems in shift workers

For preventive health purposes, we present a summary list of the health
consequences of shift work that can serve as a starting point for recommendations.

l. Pathophysiological consequences of shift work

- Circadian dysrhythmia: Shift work leads to serious disruptions in the natural
24-hour circadian rhythm, making it difficult to fall asleep and impairing sleep quality.
These changes can lead to so-called Shift work sleep disorder, which is characterised
by chronic fatigue, irritability, cognitive impairments such as reduced concentration
and slowed reactions.

- Cardiovascular health: disturbed circadian rhythms are associated with
increased risk of CVD, including hypertension and low heart rate variability (HRV),
which is an indicator of impaired autonomic function of the heart and reduced
adaptability of the body to environmental changes and stressors.

- Metabolic syndrome and MDT2: Shift workers are at increased risk of
developing metabolic syndrome and MDT2 due to unhealthy eating behaviours and
disrupted circadian rhythms. Nighttime food consumption can lead to increased
postprandial blood sugar levels as well as elevated triglycerides, which increases the
risk of developing insulin resistance and PDT2.

- Gastrointestinal disorders: Shift work can lead to the development of
gastrointestinal pathologies such as gastroesophageal reflux, constipation and
diarrhoea, conditioned by unhealthy diet and food intake at night.

Il.  Psychological, social and behavioural consequences of shift work

- Stress and depression: shift work is associated with an increased risk of stress,
anxiety and depression. The sleep deprivation and social isolation that shift work
predisposes to can worsen mental health.
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- Cognitive function: chronic fatigue and insufficient sleep can lead to reduced
cognitive function, including reduced concentration, memory and decision-making
ability.

- Social isolation: Shift workers often experience social isolation caused by work
schedules that do not match those of family and friends. This makes it difficult not only
to maintain relationships but also to participate in social events, including shared meals.
This imbalance can lead to difficulties in personal relationships and encourage
unhealthy eating habits, such as skipping meals with loved ones or eating fast and
processed foods in private.

- Unhealthy eating habits: Shift work can predispose to the development of
unhealthy eating habits, including increased consumption of processed and high-
calorie foods, skipping main meals and increased food intake at night. These factors
contribute to weight gain and increase the risk of developing obesity.

Objective of the recommendations

These recommendations aim to suggest strategies to improve eating habits and
reduce health risks in shift workers. Preventive measures are aimed at reducing
cardiometabolic risk through a balanced diet appropriate to the particularities of shift
work and include recommendations for specific food items and meal periods. The
recommendations provide practical guidelines for maintaining a healthy lifestyle and
minimising negative effects on health and performance.

Scientific approach and stages of preparation

Due to insufficient scientific data, global organizations have not yet adopted
formal standardized dietary recommendations for shift workers. To ensure that our
recommendations are as effective as possible, has reviewed in detail the basic
principles used to develop internationally recognized nutrition recommendations:

- Conduct an extensive review of existing research, as well as an in-depth analysis
to identify gaps and identify areas where further research is needed.

- Conduct observation and specialized surveys of shift workers to document their
current eating habits; study the effect of available dietary recommendations.

- Formation of an interdisciplinary team including specialists from different
medical fields.

- Testing the proposed recommendations in real-life settings through pilot studies
and in-depth analysis of the results obtained.

- Continuous monitoring and updating of the guidelines based on new evidence to
ensure their effectiveness.

The stages listed above have served as the basis for these evidence-based
recommendations, and we have used the information and approaches set out in

44



them to ensure maximum objectivity and effectiveness. Based on the best practices
described, we implemented the creation of specific recommendations for the study
group such as:

1. We conducted an extensive literature review of large-scale studies and programs
in the area of shifting mode nutrition that were integrated as part of the steps described
above.

2. We used scientific data from literature reviews, observational studies, and
various types of surveys and programs.

3. We adapted some of the general dietary recommendations provided by scientific
organisations such as EFSA (The European Food Safety Authority) and ESPEN
(European Society for Clinical Nutrition and Metabolism) to the specific needs of the
respondents.

4.  The dietary recommendations are based on the research and findings available in
the article "Eating on the Night Shift: A Need for Evidence-Based Dietary Guidelines™
by D'Annibale et al. Their paper provides the most up-to-date review of the currently
available evidence and recommendations for nutrition in shift workers. The paper is
part of a so-called feasibility trial - a study that assesses whether an intervention is
feasible and effective in a real-world setting before undertaking a large-scale trial or
Implementation). This makes it a valuable source for assessing the feasibility of dietary
recommendations and their impact on shift workers. Because the work of D'Annibale
et al. (2021) is the most up-to-date resource in making recommendations for shift
workers, we use and cite it as the primary source of evidence-based nutrition guidelines
in the shift setting.

The current recommendations for nutrition in shift workers cover three main
areas:

Recommendations to employers: recommendations to management aimed at
ensuring optimal health conditions for their employees.

Recommendations for workers: recommendations focusing on the individual needs
of shift workers, which include advice on diet and nutrition, sleep and hydration.

Explanation and scientific rationale: The physiological and metabolic needs of the
shift group on which the recommendations are based are explained in the context of
each recommendation.

DIETARY RECOMMENDATIONS FOR SHIFT WORKERS

1. Time of nutrient intake in shift work according to metabolic reactions

The timing of meals is a major factor maintaining the metabolic health and
performance of shift workers.
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Recommendation to management

Provide supportive conditions for workers to eat before and during shifts with
access to healthy food that supports metabolic health. Encourage employees to
consume their main meal before the start of the night shift by providing facilities for
food storage and warming. Provide the opportunity for light meals at the end of the
shift that are easily digestible and improve sleep quality. Informing workers about the
importance of limiting eating during night hours to prevent metabolic disorders.

Recommendations to shift workers

e Pre-shift main meal: the main meal (a larger and more nutrient varied
portion) should be consumed before the night shift starts to ensure sufficient
energy during the work process.

e Taking a small amount of food before sleep: eating a small portion of food
at the end of the night shift to avoid gastrointestinal discomfort and improve
the quality of the upcoming sleep.

e Avoiding eating at night: Limit food intake between midnight (or after 1am)
and 6am to minimise metabolic disturbances and improve glucose
metabolism.

2. Recommendations for food composition and intake during shift work to
support gastrointestinal comfort

Small, frequent portions prevent a large amount of food from accumulating in
the stomach, which can often lead to bloating and discomfort.

Recommendation to management

Create conditions for employees to support regular meals of light and easily
digestible foods during night shifts. Provide access to healthy snacks such as nuts, fruit
and low-fat dairy products that maintain energy without straining the gastrointestinal
system. Encourage frequent, small portions of food and avoid heavy, high-fat, high-
protein foods during late hours.

Recommendations to shift workers

e Light meals and snacks: Eating light snacks during night shifts to reduce
the risk of gastrointestinal discomfort. These snacks should contain easy-to-
digest foods such as nuts, fruit and low-fat yogurt to help maintain energy
and ease digestion.
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e Frequent, small portions: eating small portions and at frequent intervals to
prevent food from building up in the stomach and reduce the risk of
gastrointestinal complaints.

e Avoiding heavy meals: Avoid heavy, protein and fat-rich foods, especially
late at night, as they can make digestion difficult and cause stomach
discomfort.

3. Recommendations on the consumption of caffeinated refreshments

Maintaining vigilance during night shifts is of utmost importance. For this
reason, a large proportion of respondents resort to the consumption of refreshments. In
view of certain characteristics, these drinks should be consumed in moderation.
Caffeine can impede the process of falling asleep and reduce deep sleep, leading to a
build-up of fatigue the following day.

Recommendation to management

Encourage moderate intake of caffeinated beverages during night shifts by
providing information on their impact on sleep and performance. Provide alternative
caffeine-free refreshment options and encourage employees to avoid caffeine intake in
the last hours of the shift to prevent sleep disruption after work. Support balanced
caffeine intake by informing workers about combining it with short naps to increase
the effect on alertness and reduce fatigue.

Recommendations to shift workers

e Moderate intake: consume caffeine in moderation and avoid taking it
immediately before sleep to prevent deterioration in sleep quality.

e Short naps and caffeine: Combine caffeine intake with a short nap (20-30
minutes) to increase the effect of reducing fatigue and improving alertness.
This combined action helps the body to benefit from the stimulating
properties of caffeine, while the short rest provides rapid recovery and
refreshment.

e Caffeine intake at the start of the shift: coffee or tea intake at the start of
the shift to avoid the negative effects of caffeine on sleep after work.

e Avoiding caffeine before the end of the shift: Avoid caffeine intake in the
last hours before the end of the shift, as this can disrupt natural sleep rhythms
and make it difficult to fall asleep after work.

e Individual differences: individual sensitivity to caffeine needs to be
considered. Effects can vary considerably between individuals, so intake
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should be adapted according to specific physiological needs and responses.
Caffeine can affect sleep and the nervous system to varying degrees in each
person.

4. Recommendations on hydration

Hydration is essential for optimal body functioning, including cognitive and
physical performance. Shift workers often neglect adequate water intake.

Recommendation to management

Encourage shift workers to drink water and unsweetened beverages regularly
throughout the day and during their shift to maintain hydration and avoid dehydration,
which can lead to fatigue and reduced concentration. Provide easy and consistent
access to water in the workplace to encourage regular employee hydration. Placing
water stations in strategic areas so that shift workers can easily refill their bottles.
Encourage the use of individual water bottles by providing information on
recommended daily fluid intake and the importance of good hydration for maintaining
concentration and physical stamina. Limit the availability of sugary drinks in the
workplace by offering low-sugar alternatives with a high nutritional balance.

Recommendations to shift workers

e Regular water intake: Regular water intake during the shift to maintain
optimal hydration. Maintaining a good water balance is key to concentration
at work and general health.

o Water Bottle: Use an individual water bottle (reusable) whose volume is
known so you can easily monitor and control the recommended daily fluid
intake to maintain adequate hydration throughout the shift.

e Avoiding high-sugar beverages as they can lead to a rapid rise and subsequent
drop in energy, which exhausts the body. In addition, these drinks contain a
large amount of calories that do not provide the necessary nutrients and can
disrupt metabolic balance, increasing the risk of dehydration and fat
accumulation.

e Auvoiding prolonged restriction of fluid intake, especially during long shifts
or intense exercise, to prevent dehydration and associated health problems
such as fatigue, reduced concentration and physical endurance.

5. Recommendations for meeting the nutritional needs (micro- and macronutrient
composition of food consumed) in the daily dietary intake outside the work shift

Control of the postprandial glucose response is important for shift workers. The
timing of meals and the composition of food can significantly affect metabolic health.
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Avoiding high-glycemic and high fat foods in the evening can help maintain stable
blood glucose levels and reduce the risk of metabolic disorders.

Recommendation to management

Provide appropriate facilities and awareness of healthy diets among shift
workers, especially out of hours, to support their metabolic health. Provide information
on the importance of low glycaemic index foods and their list. Encourage the choice of
protein-rich and low-fat foods. Provide access to consultation with a dietitian for
personalized nutrition recommendations to meet employees' specific needs. Support
regular monitoring of eating habits to reduce the risks of metabolic and cardiovascular
diseases associated with shift work.

Recommendations to shift workers

¢ Intake of low glycemic index foods: Eating low glycemic index foods in the
evening to maintain stable blood sugar levels. Examples of such foods
include vegetables such as broccoli, spinach, and carrots, as well as certain
types of whole grains such as whole grain rice, quinoa, and whole wheat
pasta. Legumes, such as beans, lentils and peas, also have a low glycemic
index, making them an excellent choice for stabilizing blood sugar during
evening meals.

e Intake of foods rich in protein and essential amino acids: Eating foods
rich in protein and preferably of animal origin to aid muscle regeneration and
maintain satiety. Examples of such foods include chicken, fish, eggs, and
low-fat cheeses and yogurt.

e Fat-poor foods: eating low-fat foods to maintain a healthy body weight and
reduce the risk of CVD. Examples of such foods include skinless chicken
breast, white fish, legumes, low-fat dairy products, and a variety of
vegetables and fruits. These foods provide needed nutrients without excess
saturated fat, which supports cardiovascular health and weight control.

e Regular monitoring: regularly monitor your eating habits and adapt your
diet according to your individual needs and preferences. This allows better
adaptation to changing conditions and body needs, as well as more effective
control over health and body weight.

e Consultation with a nutritionist: If necessary, a consultation with a
nutritionist for personalized recommendations and meal plans. This will
provide a professional assessment of individual needs and help create an
optimal diet to meet each person's specific health requirements and goals.
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6. Recommendations for cardiovascular health monitoring in shift work

Cardiovascular health is essential for shift workers. Due to the increased risk of
hypertension and reduced HRV, it is important to take preventative measures including
monitoring key indicators such as blood pressure and HRV. Incorporating healthy
eating habits can help maintain optimal cardiovascular function.

Recommendation to Management:

Support regular cardiovascular health monitoring of shift workers through
access to tools to measure key indicators such as heart rate variability (HRV) and blood
pressure. Encourage employees to monitor these indicators to identify early signs of
cardiovascular risks such as hypertension. Provide healthy food options in the
workplace, including fruits, vegetables, and foods low in saturated fat that support
cardiovascular health and contribute to higher HRV.

Recommendations to shift workers

e HRV monitoring: HRV monitoring as part of an overall cardiovascular
health assessment in shift workers. This will help to detect risks early and
allow preventative measures to be taken to improve health status.

e Blood pressure monitoring: regular blood pressure measurement as
hypertension is common among shift workers. Regular monitoring can help
detect and control high blood pressure in a timely manner, which is essential
to prevent cardiovascular disease.

o Healthy dietary intake: Eating fruits, vegetables and foods low in saturated
fat as these can have a positive effect on HRV variability and improve overall
cardiovascular health. These foods support normal cardiovascular function
by lowering inflammation and reducing the risk of cardiovascular disease.

7. Sleep organization

The recommendations presented are adapted from the scientific work of Shriane
et al. and are a direct translation of their guidelines for healthy sleep practices in shift
workers (Shriane et al., 2023). These recommendations were developed based on
expert opinion and to our knowledge represent the first guidelines of their kind tailored
to the unique challenges faced by shift workers.

Recommendation to management

Supporting shift workers in developing healthy sleep habits and creating
conditions that facilitate appropriate sleep patterns. Informing employees about the
importance of sleep and providing guidelines for optimal sleep according to the shift
schedule. Encouraging employees to prioritise their sleep and adapt social and personal
activities to the need for restorative sleep. Provide amenities, such as a quiet and dark
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room for short naps during long shifts, and create a conducive environment for rest.
Informing employees about the impact of factors such as exposure to light, caffeine,
nicotine and alcohol on their sleep.

Recommendations to shift workers

Prioritize Sleep: Let sleep be a priority by shifting social activities and
household tasks whenever possible, and informing friends, family, and
neighbors of your sleep schedule.

Aim for 7-9 hours of sleep per day: Get between 7 and 9 hours of sleep per
day, which is considered the optimal amount of sleep for most healthy adults,
according to research. This amount can be achieved through uninterrupted
sleep or a combination of core sleep and short naps. Maintaining this regimen
Is key to improving cognitive function, physical recovery and cardiovascular
health.

Creating a sleep schedule: Matching the sleep schedule to the work
schedule and lifestyle with an effort to maintain a consistent sleep schedule
for each shift. Scheduling different bedtimes for day and night shifts, but
always ensuring sufficient time for restorative sleep. A consistent regimen
helps the body adapt better to shift work and minimizes negative health
effects.

Develop a bedtime routine: Perform activities that help relax and practice
regularly before bed, in a dimly lit and quiet environment.

Transition planning to rest days: when transitioning to a rest period after
night shifts, a short sleep in the morning is recommended to reduce the effects
of accumulated fatigue. In addition, returning to bed earlier than the usual
bedtime can help restore normal circadian rhythms more quickly and improve
sleep quality. This strategy aids the body's adaptation to changes in the work
schedule, reducing the risk of accumulating a sleep deficit and its negative
effects on health.

Using naps as a useful tool: Taking short naps (about 15-20 minutes)
improves alertness and productivity. Taking longer naps (90 minutes) reduce
accumulated sleep deficits and aid recovery.

Be aware of sleep inertia: After waking, there may be a period of dizziness
in which alertness and performance will be reduced. Tasks need to be planned
to avoid important or complex activities during this period.

Comfortable sleep environment: provide a sleep environment that is cool,

dark and quiet. Avoiding mentally stimulating activities in bed, such as
watching TV, which can disrupt sleep.
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e Caution with light exposure: Exposure to bright light before bed can affect
sleep. It is necessary to limit this exposure whenever possible.

e Caution with caffeine intake: Caffeine can help improve alertness and
productivity before and during the work shift, but its effects can last longer
and affect sleep.

e Avoiding nicotine use: avoid nicotine completely or limit its intake to 6
hours before sleep.

¢ Avoiding alcohol: Alcohol can help you fall asleep, but it impairs the quality
of your sleep.

e Caution with taking medications: some medications have a stimulating
effect on the CNS and avoid taking them close to the time sleep occurs.

e Attention to food intake: limit food intake during night shifts and avoid
heavy meals before bedtime.

e Attention to fluid intake: Maintain hydration without excessive fluid intake
before sleep.

e Regular physical activity: regular physical activity is important for a good
night's sleep, but should be avoided just before bedtime.

e Develop strategies for coping with sleep problems: when having difficulty
falling asleep, getting out of bed and doing something relaxing in a quiet and
dimly lit environment is recommended.

VIIl. CONTRIBUTIONS

. For the first time in Bulgaria, the impact of shift work on body composition,
nutritional behavior, and associated health risks has been studied in engineering
workers.

. A validated questionnaire was adapted for the Bulgarian population to assess

lifestyle, eating behavior, and dietary frequency among shift workers in
industrial settings.

52



. A comparative analysis of the effects of fixed daily and shift work schedules on
body composition and nutritional behavior was conducted for the first time in
Bulgaria.

. A method for the objective assessment of body composition using bioelectrical
Impedance, specifically adapted for shift workers, has been introduced.

. For the first time in Bulgaria, a methodology has been developed to assess eating
behavior and identify dietary habits that predispose shift workers to adverse
deviations in body composition.

. The relative proportion of workers with significant deviations in body
composition associated with shift work has been assessed.

. A health risk related to abnormalities in body composition and dietary behavior,
which predispose shift workers to the development of cardiometabolic diseases,
has been identified.

. Anindividual profile of workers’ nutritional behavior and body composition has
been created, considering the specific demands of different work schedules
(fixed daily and shift work).

. The significance of shift work as a risk factor for unhealthy changes in body
composition has been confirmed.

10. An individualized, practical approach to managing eating behavior has been

developed to improve the health status of shift workers.

11. Strategies and recommendations have been formulated to optimize the

nutritional behavior of shift workers.

12. Prophylactic health recommendations for diet and sleep organization in shift

workers have been proposed.

53



IX. LIST OF PUBLICATIONS, PARTICIPATION IN SCIENTIFIC FORUMS
AND QUALIFICATION COURSES RELATED TO THE DISSERTATION

Published articles related to the dissertation

1. Todorova M, Harizanova S, Bakova D (2024). Nutritional behavior and associated
health risk in shift work: A Literature Review. Journal of IMAB; 30(2): 5522-5526.

https://doi.

2. Todorova M., Yaneva A., Bakova D., Harizanova S. (2024). Investigating the types
of eating behavior among shift workers in the machine-building industry. Folia
medica; 66(5): 699-706. https://doi.

3. Todorova M, Harizanova S, Bakova D (2023). Association between shift work and
cardio-metabolic diseases: a literature review. Science and Youth Conference;
Scientific reports:18-23.

4. Todorova M., Harizanova S. (2022). Eating behavior and health risk in shift and
night work. Scientific Proceedings of the Union of Scientists in Bulgaria-Plovdiv.
Series D. Medicine, Pharmacy and Dental Medicine vol. XXVII, 2022, 272-275.
ISSN 1311-9427 (Print), ISSN 2534-9392 (On-line).

List of participations in scientific forums related to the thesis

54


https://doi.org/10.5272/jimab.2024302.5522
https://doi.org/10.3897/folmed.66.e132829

1. Todorova M., Harizanova S., Bakova D. Association between Shift Work and
Cardio-metabolic Diseases: a Literature Review. Science and Youth, MU-Plovdiv,
2023.

2. Todorova M., Kharizanova S. Nutritional behavior and health risk in shift and
night work. Conference of the Union of Scientists in Bulgaria-Plovdiv, 2022.

Qualification courses related to the dissertation
A course on the use of statistical software package SPSS v.17, conducted under the

supervision of prof. Nona Mateva, Ph.D., and Asst. Antonia Yaneva, PhD, at the
Faculty of Public Health of MU-Plovdiv.

55



