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Abstract:  
Work fatigue is a critical issue that can reduce productivity, increase the risk of occupational accidents, 
and negatively affect workers’ health, particularly among shift workers. Work fatigue is influenced by 
various factors, including inadequate nutritional status and nutrient intake. Security personnel are a 
vulnerable occupational group due to high alertness demands and circadian rhythm disruption caused 
by shift work systems. This quantitative study employed a cross-sectional design and involved the total 
population of security personnel working morning, afternoon, and night shifts (24 respondents per shift) 
at State University of Surabaya. Data collection instrument using the Industrial Fatigue Research 
Committee questionnaire, 2×24-hour food recall, microtoice, and a digital scale. The results showed 
significant associations between carbohydrate intake (p = 0.004; r = 0.334) and protein intake (p = 
0.003; r = 0.346) with work fatigue levels, while energy intake, fat intake and nutritional status was not 
significantly associated with work fatigue among shift security personnel at State University of 
Surabaya. The findings of persistently deficient dietary intake, overweight nutritional status, and high 
levels of work fatigue particularly among night shift workers highlights the need for regular health 
monitoring of workers by the outsourcing company. 
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1. INTRODUCTION  

Human resources play a crucial role in determining the success of organizational 
performance therefore, maintaining workers’ health and safety is essential to ensure 
optimal productivity [1]. Occupational health focuses on promoting and maintaining 
the physical, mental, and social well-being of workers, which directly influences their 
work efficiency and productivity. According to the International Labour Organization 
(ILO) and World Health Organization (WHO), occupational health is closely related to 
workplace conditions and work activities that may affect the health status and 
performance of employees [2].  

One of the major issues affecting worker productivity is work fatigue, which is 
commonly experienced by employees who work under demanding conditions, 
particularly those with shift work schedules [3]. The International Labour Organization 
reports that work fatigue contributes to approximately 32% of occupational accidents 
globally, with around 374 million work-related injuries occurring each year. In 
Indonesia, data from Employment Social Security Agency of Indonesia shows a 
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significant increase in occupational accident cases from 117,161 cases in 2020 to 
234,270 cases in 2021 [4]. Highlighting the importance of identifying factors associated 
with work fatigue among workers [5]. 

Nutrient intake and nutritional status are important factors that may influence the level 
of work fatigue among workers. Previous studies have shown that shift workers still 
experience various nutritional problems, including obesity (21.8%), overweight 
(19.5%), and underweight (5.7%), which are associated with work fatigue and 
irregular eating patterns [5]. Adequate intake of macronutrients, particularly 
carbohydrates, proteins, and fats, is essential for the body to produce energy through 
metabolic processes that support muscle activity and the formation of adenosine 
triphosphate (ATP). Insufficient energy intake can reduce ATP production and increase 
the accumulation of lactic acid in muscles, which may contribute to the onset of work 
fatigue [6]. In addition, shift workers are more susceptible to disruptions in circadian 
rhythms that can affect sleep patterns, dietary habits, and health-related behaviors, 
thereby increasing the risk of chronic diseases such as obesity, hypertension, and 
diabetes [7]. Other factors, including excessive energy intake, smoking habits, and low 
levels of physical activity, may also elevate the risk of central obesity among workers 
[8]. 

Although several studies have investigated the relationship between nutritional intake, 
nutritional status, and work fatigue among workers, research focusing specifically on 
security personnel working in educational institutions with shift systems is still limited. 
Security officers have job characteristics that involve both physical and mental 
demands, prolonged working hours, and rotating shifts that can disrupt sleep patterns 
and daily routines [1]. In addition, certain lifestyle factors commonly found among 
security personnel, such as smoking habits and low physical activity, may further 
influence oxygen supply and physical endurance, potentially worsening fatigue 
conditions. Central obesity, characterized by excessive fat accumulation in the 
abdominal area, is also frequently observed among security personnel and may reduce 
their physical work capacity [9]. 

Considering these conditions, identifying the relationship between nutritional intake, 
nutritional status, and work fatigue among shift workers is important to support 
workplace health promotion and improve worker productivity. Therefore, this study 
aims to analyze the relationship between energy intake, macronutrient intake, 
nutritional status, and the level of work fatigue among shift security personnel at State 
University of Surabaya. The findings of this study are expected to contribute to the 
understanding of nutritional and occupational factors associated with work fatigue and 
provide evidence for developing effective interventions to improve the health and 
productivity of shift workers. 
 

2. METHODS 

This study was a quantitative research using an analytic observational design with a 
cross-sectional approach. Data collection was conducted in September 2025 at the 
Universitas Negeri Surabaya campus located in Lidah Wetan. The sampling technique 
applied was cluster sampling, in which samples were selected based on personnel in 
each shift that had been previously scheduled. The population consisted of 72 security 
personnel at Universitas Negeri Surabaya, who were divided into three groups 
according to their work shifts: Group A (morning shift), Group B (afternoon shift), and 
Group C (night shift), with each group comprising 24 employees. Sample selection was 
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conducted based on predefined inclusion and exclusion criteria. The inclusion criteria 
were as follows: participants provided informed consent to take part in the study, were 
shift-working security personnel at Universitas Negeri Surabaya, were aged between 
18 and 50 years, had a minimum of one year of work experience, and were in a 
conscious state with adequate communication abilities. The exclusion criteria included 
personnel aged over 50 years, as well as those who were currently ill or had a medically 
diagnosed history of type 2 diabetes mellitus or cardiovascular disease. Data on work 
fatigue levels were collected using the Industrial Fatigue Research Committee (IFRC) 
questionnaire. Data on energy intake and macronutrient intake were obtained through 
interviews using a 2×24-hour food recall instrument conducted on both weekdays and 
weekends. Anthropometric data used to determine nutritional status were collected by 
measuring respondents’ body weight and height. Body weight was measured using a 
digital scale, while height was measured using a microtoise. Nutritional status was then 
calculated using the Body Mass Index (BMI) formula. Data analysis was performed 
using univariate and bivariate approaches. Univariate analysis was used to describe the 
distribution and percentage of each variable, and the results were presented in tabular 
form, including descriptions of age, length of employment, education level, and history 
of disease. Bivariate analysis was conducted to examine the relationship between 
energy intake, macronutrient intake, and nutritional status with the level of work 
fatigue among shift security personnel at Universitas Negeri Surabaya. The analysis 
employed the Spearman rank correlation test using SPSS version 27 software. 

3. RESULTS  

Univariate analysis was conducted to determine the distribution of data such as age, 
education level, history of disease, length of employment, smoking habits, and coffee 
consumption. The characteristics of the respondents are presented as follows. 

Table 1. Frequency Distribution of Respondent Characteristics 
Characteristics Morning 

Shift 
Afternoon 

Shift 
Night  
Shift 

n % 

n % n % n % 
Age 
18–25 years 
>25–35 years 
>35–50 years 

 
14 
7 
3 

 
58,3 
29,2 
12,5 

 
12 
10 
2 

 
50 

41,7 
8,3 

 
9 
8 
7 

 
37,5 
33,3 
29,2 

 
35 
25 
12 

 
48,6 
34,7 
16,7 

Educational History 
Senior High School 
Vocational High School 
Bachelor’s Degree 

 
16 
7 
1 

 
66,7 
29,2 
4,2 

 
13 
10 
1 

 
54,2 
41,7 
4,2 

 
10 
10 
4 

 
41,7 
41,7 
16,7 

 
39 
27 
6 

 
54,2 
37,5 
8,3 

Medical History 
Hypercholesterolemia 
Gout Arthritis 
No history of disease 

 
5 
0 

19 

 
20,8 

0 
79,2 

 
1 
2 

21 

 
4,2 
8,3 

87,5 

 
5 
2 

17 

 
20,8 
8,3 

70,8 

 
11 
4 

57 

 
15,3 
5,6 

79,1 
Length of Employment 
1 – 3 years 
> 3 – 5 years 
> 5 years 

 
13 
6 
5 

 
48,6 
34,7 
16,7 

 
10 
8 
6 

 
41,7 
33,3 
25 

 
10 
8 
6 

 
41,7 
33,3 
25 

 
33 
22 
17 

 
45,8 
30,6 
23,6 

Smoking Habits 
1–6 cigarettes/day 
7-12 cigarettes/day 
> 12 cigarettes/day 
Non-smoker 

 
8 

10 
1 
5 

 
33,3 
41,7 
4,2 

20,8 

 
6 
6 
4 
8 

 
25 
25 

16,7 
33,3 

 
5 
7 
8 
4 

 
20,8 
29,2 
33,3 
16,7 

 
19 
23 
13 
17 

 
26,4 
31,9 
18,1 
23,6 

Coffee Consumption 
1 – 2 times/day 

 
11 

 
45,8 

 
11 

 
45,8 

 
6 

 
25 

 
28 

 
38,9 
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3 – 5 times/day 
No coffee consumption 

3 
10 

12,5 
41,7 

5 
8 

20,8 
33,3 

16 
2 

66,7 
8,3 

24 
20 

33,3 
27,8 

 
Based on the results presented in Table 1, all respondents in this study were male 
(n=72). The majority were aged 18–25 years, categorized as late adolescents for 35 
respondents (48.6%). Most respondents had completed senior high school education, 
with a total of 39 respondents (54.2%). In terms of health status, the majority of 
respondents reported no history of disease, totaling 57 respondents (79.2%). 
Furthermore, most respondents had a length of employment of 1–3 years, comprising 
33 respondents (45.8%). Regarding smoking behavior, the largest group of 
respondents consumed 7–12 cigarettes per day, amounting to 23 respondents (31.9%). 
In addition, the majority of respondents reported consuming coffee 1–2 times per day, 
with 28 respondents (38.9%). The types of coffee commonly consumed included both 
brewed coffee and instant coffee. 

 
Table 2. Frequency Distribution of Energy Intake, Macronutrient Intake, 

Nutritional Status, and Work Fatigue Categories 
 among Shift Security Personnel at UNESA 

Adequacy Level Morning 
Shift 

Afternoon 
Shift 

Night  
Shift 

n % 

n % n % n % 
Energy     

Deficit 
Adequate 
Excess 

 
8 

12 
4 

 
33,3 
50 

16,7 

  
16 
8 
0 

  
66,7 
33,3 

0 

 
9 

13 
2 

 
37,5 
54,2 
8,3 

 
33 
33 
6 

 
45,8 
45,8 
8,4 

Carbohydrate    
Deficit 
Adequate 

  Excess 

 
14 
9 
1 

 
58,3 
37,5 
4,2 

 
17 
4 
3 

 
70,8 
16,7 
12,5 

 
7 
6 

11 

 
29,2 
25 

45,8 

 
38 
19 
15 

 
52,8 
26,4 
20,8 

Protein   
Deficit 
Adequate 

  Excess 

 
16 
6 
2 

 
66,7 
25 
8,3 

 
12 
9 
3 

 
50 

37,5 
12,5 

 
10 
5 
9 

 
41,7 
41,7 
16,7 

 
38 
20 
14 

 
52,8 
27,8 
19,4 

Fat 
Deficit 
Adequate 

  Excess 

 
8 
4 

12 

 
33,3 
16,7 
50 

 
7 
9 
8 

 
29,2 
37,5 
33,3 

 
1 
5 

18 

 
4,2 

20,8 
75 

 
16 
18 
38 

 
22,2 
25 

52,8 
Nutritional Status 

Unerweight 
Normal 

  Overweight 

 
2 

11 
11 

 
8,4 

45,8 
45,8 

 
0 

10 
14 

 
0 

41,7 
58,3 

 
3 

10 
11 

 
12,5 
41,7 
45,8 

 
5 

31 
36 

 
6,9 

43,1 
50 

Work Fatigue 
Mild 
Moderate 
Severe 

 
7 

15 
2 

 
29,2 
62,5 
8,3 

 
11 
9 
4 

 
45,8 
37,5 
16,7 

 
8 
6 

10 

 
33,3 
25 

41,7 

 
26 
30 
16 

 
36,1 
41,7 
22,2 

 
Based on Table 2, the distribution of energy intake shows that most respondents were 
classified in the deficit and normal categories, each comprising 33 individuals (45.8%). 
By work shift, normal energy intake was more common among morning and night shift, 
while the afternoon shift was predominantly by energy deficit. Carbohydrate intake 
was largely deficient (52.8%), particularly among morning and afternoon shifts. 
Protein intake also tended to be deficient (52.8%), with deficit categories dominating 
the morning and afternoon shifts. In contrast, fat intake was predominantly excessive 
(52.8%), especially among morning and night shift workers. Based on Body Mass Index 
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(BMI), half of the respondents (50%) were classified as overweight across all shifts. 
Regarding work fatigue, moderate fatigue was the most prevalent category (41.7%), 
with morning shift workers mostly experiencing moderate fatigue, afternoon shift 
workers experiencing mild fatigue, and night shift workers showing the highest 
prevalence of severe fatigue. 

 
Table 3. The Relationship between Energy Intake, Macronutrient Intake, and 

Nutritional Status and Work Fatigue Levels among Shift Workers at UNESA 
Adequacy Level 

 
Work Fatigue n p-value ρ 

Mild Moderate Severe 

n % n % n % n % 
Energy     

Deficit 
Adequate 
Excess 

 
13 
11 
2 

 
50 

42,3 
7,7 

 
15 
12 
3 

 
50 
40 
10 

 
5 

10 
1 

 
31,3 
62,5 
6,3 

 
33 
33 
6 

 
45,8 
45,8 
8,3 

 
0,384 

 
- 

Carbohydrate    
Deficit 
Adequate 
Excess 

 
17 
8 
1 

 
65,4 
30,8 
3,8 

 
16 
8 
6 

 
53,3 
26,7 
20 

 
5 
3 
8 

 
31,3 
18,8 
50 

 
38 
19 
15 

 
52,8 
26,4 
20,8 

 
 0,004 

 
0,334 

Protein   
Deficit 
Adequate 
Excess 

 
16 
8 
2 

 
61,5 
30,8 
7,7 

 
20 
5 
5 

 
66,7 
16,7 
16,7 

 
2 
7 
7 

 
12,5 
43,8 
43,8 

 
38 
20 
14 

 
52,8 
27,8 
19,4 

 
 0,003 

 
0,346 

Fat 
Deficit 
Adequate 
Excess 

 
5 
7 

14 

 
19,2 
26,9 
53,8 

 
8 
8 

14 

 
26,7 
26,7 
46,7 

 
3 
3 

10 

 
18,8 
18,8 
62,5 

 
16 
18 
38 

 
22,2 
25 

52,8 

 
 0,842 

 
- 

Nutritional Status 
Unerweight 
Normal 
Overweight 

 
1 

11 
14 

 
3,8 

42,3 
53,8 

 
3 

14 
13 

 
10 

46,7 
43,3 

 
1 
6 
9 

 
6,3 

37,5 
56,3 

 
5 

31 
36 

 
6,9 

43,1 
50 

 
   0,457 

 
- 

 
Based on Table 3. The results of the bivariate analysis indicate that there is a significant 
relationship between carbohydrate intake (p=0.004; ρ=0.334) and protein intake 
(p=0.003; ρ=0.346) with work fatigue levels, showing a positive direction and 
moderate strength of correlation. This suggests that lower adequacy of carbohydrate 
and protein intake is associated with higher levels of work fatigue. Meanwhile, energy 
intake (p=0.384), fat intake (p=0.842), and nutritional status (p=0.457) were not 
significantly associated with work fatigue levels among shift security personnel at 
Universitas Negeri Surabaya. 

 

4. DISCUSSION 

This study found characteristics that most respondents were in the late adolescence 
age group (18–25 years), indicating that security personnel are generally in a phase of 
relatively high productivity, with the majority reporting no history of disease. Late 
adolescence has a high potential for productivity, supported by optimal physical 
condition, cognitive abilities, and motivation [10]. This productivity may not yet be 
maximized due to limited work experience and emotional maturity, and therefore still 
requires adaptation to the work environment. However, a considerable proportion of 
personnel reported smoking 7–12 cigarettes per day. This habit may contribute to 
pulmonary tissue damage and reduced oxygen supply, thereby increasing 
susceptibility to fatigue [11]. The nicotine content in cigarettes can elevate heart rate 
and blood pressure, placing additional strain on the cardiovascular system. 
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Furthermore, coffee consumption, due to its caffeine content, may inhibit the action of 
adenosine, a compound involved in regulating alertness [12]. Once the effects of 
caffeine subside, individuals may experience increased fatigue, decreased energy 
levels, and impaired sleep quality [13]. 
 
This study found Energy intake plays a crucial role in supporting metabolic processes 
and physiological functions, with the findings indicating that the majority of 
respondents were classified in the deficit and normal categories (45.8%). These results 
are consistent with studies by Susanti and Yanti (2024), which reported a 
predominance of energy deficits among shift workers due to irregular eating patterns. 
In terms of carbohydrate intake, most respondents were categorized as deficient. 
However, night shift workers tended to exhibit excessive intake due to the 
consumption of simple carbohydrate-rich foods, which is associated with the influence 
of circadian rhythm on dietary patterns [14]. Protein intake was also predominantly 
deficient, reflecting inadequate protein consumption that may adversely affect physical 
fitness [15]. Meanwhile, fat intake was largely excessive, particularly among night shift 
workers, which can be attributed to frequent consumption of high-fat foods and 
midnight snacking due to circadian rhythm disruption and hormonal regulation [16]. 
Nutritional status was predominantly classified as overweight, indicating a high 
prevalence of excess body weight among workers, likely due to imbalanced dietary 
patterns and low physical activity levels [17]. Furthermore, work fatigue was mostly 
observed at a moderate level, with the highest prevalence of severe fatigue found 
among night shift workers, suggesting that night work increases the risk of fatigue due 
to circadian rhythm disturbances [18]. This study found that energy intake was not 
found to be significantly associated with work fatigue levels among shift security 
personnel at Universitas Negeri Surabaya (p>0.05). This finding may be attributed to 
the relatively normal distribution of dietary intake and fatigue levels among 
respondents. The results are consistent with previous studies by Farihatin and 
Subandriani (2023) and Sari et al. (2023), which also reported no significant 
association, possibly due to generally low energy intake and limited nutritional 
knowledge among workers. Physiologically, energy intake serves as a source of 
glycogen and oxygen required for muscle contraction, particularly when blood glucose 
levels decrease [6]. Glycogen is subsequently broken down into glucose through 
glycolysis to produce pyruvate and Adenosine Triphosphate (ATP). In conditions of 
insufficient oxygen availability, pyruvate is converted into lactic acid, leading to its 
accumulation in muscles, which can disrupt contraction processes and reduce energy 
availability. This imbalance between energy supply and oxygen demand may increase 
the risk of work fatigue, although it was not found to be significantly associated in this 
study [19]. Carbohydrate intake in this study showed a significant and moderately 
positive relationship with work fatigue levels among shift workers (p<0.05). This 
finding is consistent with Ayu and Djamalus (2025), who reported that night shift work 
is associated with a higher risk of severe work fatigue. Carbohydrates serve as the 
primary energy source for the body, where they are converted into glucose, absorbed 
into the bloodstream, and metabolized through oxidation and the Krebs cycle to 
produce energy required for work activities [20]. Furthermore, carbohydrate intake is 
closely related to metabolic conditions among night shift workers, as consumption that 
is not aligned with circadian rhythms is associated with chrononutrition, which may 
reduce glucose tolerance and increase insulin resistance [21]. This condition is also 
linked to increased stress hormones such as cortisol and activation of the sympathetic 
nervous system, which can influence appetite-regulating hormones such as ghrelin, 
thereby increasing hunger and affecting dietary patterns. 
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Protein intake showed a significant association with work fatigue levels among shift 
workers (p<0.05). This finding is consistent with Hasanah et al. (2024), which reported 
that workers tend to have higher energy levels in the morning compared to the night. 
When energy declines and work performance decreases due to fatigue and inadequate 
protein intake [22]. Night shift workers are more likely to experience severe fatigue 
alongside protein deficiency. Insufficient protein intake may impair cell regeneration 
processes, while work-related stress during night shifts can increase cortisol levels, 
stimulating the breakdown of body protein into amino acids[23]. These amino acids 
are subsequently utilized in gluconeogenesis in the liver to produce glucose as an 
energy source, which, if sustained over time, may accelerate fatigue among night shift 
workers [24]. During night shifts, tissue maintenance demands tend to increase due to 
circadian rhythm disruption and inadequate rest periods [25]. Amino acids derived 
from protein metabolism play a crucial role in maintaining muscle function and 
metabolic enzyme activity; therefore, protein deficiency may further accelerate the 
onset of work fatigue as the body is unable to recover optimally [26]. 
 
Fat intake was not significantly associated with work fatigue levels among shift 
workers (p>0.05). This finding is consistent with Farihatin et al. (2022), which also 
reported no significant relationship between fat intake and work fatigue. This may be 
because daily fat intake does not match the body’s nutritional needs [26]. Night shift 
workers often consume high-fat and practical foods such as fried snacks and instant 
noodles. Although excessive fat intake may increase the risk of severe fatigue and 
contribute to health problems such as obesity, hypertension, and 
hypercholesterolemia, its direct association with fatigue was not observed in this study 
[11]. Excess dietary fat is stored as triglycerides in adipose tissue, which is distributed 
in various parts of the body, including subcutaneous, visceral, and intramuscular 
regions [27]. High-fat consumption may lead to increased visceral fat accumulation, 
contributing to central obesity [28]. The accumulation of visceral fat can exert pressure 
on the diaphragm, limiting optimal lung expansion and impairing oxygen exchange. 
Reduced oxygen availability may disrupt physiological and metabolic processes, 
particularly in muscle tissue [19]. Under hypoxic conditions, muscle energy 
metabolism shifts to anaerobic pathways, resulting in lactic acid production. The 
accumulation of lactic acid in muscles and circulation can reduce muscle performance 
and increase the risk of work fatigue [29]. 
 
Nutritional status was not significantly associated with work fatigue levels among shift 
workers (p>0.05). This finding is consistent with Wulandari (2022), who also reported 
an association between nutritional status and work fatigue among production workers, 
where the majority of respondents were classified as overweight and experienced high 
levels of fatigue. Excess nutritional status is linked to an increased metabolic burden 
and impaired metabolic regulation, particularly among night shift workers who 
experience circadian rhythm misalignment [18]. Workers engaged in night shift 
systems have a higher risk of developing obesity due to disrupted circadian rhythms 
[30]. Obesity is also associated with a greater risk of metabolic diseases, which may 
reduce work performance among night shift employees [31]. Changes in sleep patterns, 
dietary habits, and daily activities contribute to metabolic imbalances that increase the 
risk of weight gain [32]. Among security personnel, irregular meal schedules and 
unbalanced food choices further contribute to the increased risk of overweight [33]. 
Imbalanced nutritional status not only affects physical fitness but may also reduce 
productivity and work performance, highlighting the importance of addressing 
nutritional factors in occupational health improvement efforts. 
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5. CONCLUSION 

The results of this study show that most security personnel at Universitas Negeri 
Surabaya were in the late adolescence age group, had no history of disease, and 
demonstrated lifestyle habits such as smoking and coffee consumption that may 
contribute to fatigue. The study found that energy intake, fat intake, and nutritional 
status were not significantly associated with work fatigue levels among shift workers. 
In contrast, carbohydrate and protein intake showed a significant relationship with 
work fatigue, indicating that inadequate intake of these nutrients may contribute to 
increased fatigue among shift personnel. Overall, work fatigue was predominantly at a 
moderate level, with the highest proportion of severe fatigue observed among night 
shift workers. These findings suggest that nutritional intake, particularly carbohydrate 
and protein consumption, should receive greater attention in efforts to reduce work 
fatigue and support the health and productivity of security personnel. It is 
recommended that outsourcing companies improve regular health monitoring for shift 
workers to detect health problems early. Nutrition education is also important, 
especially about meeting energy and macronutrient needs. Future research should 
explore other factors related to work fatigue, such as sleep quality, work accidents, and 
chronotype, which may affect fatigue in shift workers. 
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