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Abstract. The exposed group included 200 workers who work night shifts. The control 

group included 180 workers who work only in the first shift. It was observed that a 

significant number of workers in the exposed group had conditions related to infectious, 

malignant, mental, hematopoietic, immune, endocrine, nervous, cardiovascular, respiratory, 

gastrointestinal, musculoskeletal, and skin diseases. When compared to the control group, 

the exposed group had a statistically significantly higher number of workers suffering from 

two or more diseases at the same time. Work ability index (WAI) was statistically 

significantly higher among the workers of the control group compared to the workers of the 

exposed group. It was determined that the WAI value decreases with the length of service in 

the exposed group and that this decrease is more prominent after the eleventh year of 

service. In the control group, no decrease in WAI was registered with length of service. 
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1. INTRODUCTION 

With the development of society and the emergence of new industrial-technological 

achievements, shift and night work has become inevitable, not only in industry, 

healthcare, the army and the police, but also in social occupations such as entertainment and 

services. It is estimated that 10-30% of the workforce in the US and Europe, and a fifth of the 

world's population, are engaged in jobs that require shift or night work. [1,2,3]. 
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Numerous studies have been conducted to examine the influence of night work on the 

physical and psychological health of employees. Shift work, especially at night, is one 

of the most common factors that disrupt the circadian rhythm [4,5], leads to sleep and 

wakefulness disorders [6,7], diseases of the cardiovascular system [8,9,10,11,12], diseases 

of the respiratory system [13,14], endocrine system disorders [15,16,17,18], gastrointestinal 

[19,20,21], reproductive [22,23,24], musculoskeletal apparatus [25,26,27], cerebrovascular 

[28] and the immune system [29]. There is evidence that night shift work increases 

inflammatory processes in the body [30), affects mental health [31,32,33], and nervous 

system [34,35], disrupts nutrition [36,37,38], leads to metabolic disorders [39,40,41,42], 

obesity [43,44], disrupts vitamin D synthesis [45,46,47], and   is associated with a more 

frequent occurrence of malignant diseases [48,49,50,51]. During night work, the worker's 

psycho-physical well-being is disturbed, there is a decrease in attention, a decrease in 

cognitive functions [52,53,54] and a tendency to injury [55,56]. 

2. AIM 

The aim of the research was to examine how working night shifts affected the work 

ability of exposed workers. 

3. METHODOLOGY 

The study included 200 workers who work night shifts (exposed group) and 180 

workers who work only first shift (control group). The workers were examined as part of 

the expert assessment of work ability at the Institute of Occupational Health Niš by a 

multidisciplinary team consisting of a specialist in occupational medicine, as well as 

specialists in neurology, psychiatry, ophthalmology, and a psychologist. Each employee 

provided anamnestic data (subjective complaints, work, personal, family and social 

history), and they underwent a clinical examination by systems, blood pressure measurement, 

auscultation of the heart and lungs, laboratory analyses (erythrocyte sedimentation rate, 

blood count, blood sugar levels, lipids, electrolytes, urea, creatinine, transaminases, 

gamma GT), as well as electrocardiographic examination, ultrasound examination, and 

spirometry. The data from the Risk Assessment Act and the medical records were also 

analysed. Working ability was assessed by the Work Ability Index (WAI) questionnaire 

[57]. It contains seven items, with each item accounting for a partial score that contributes 

to the overall working ability score, ranging from 7 to 49. The seven items measure the 

following variables: (1) current working ability compared with lifetime best (range: 1–10), 

(2) working ability in relation to mental and physical demands of the job (range: 2–10), 

(3) number of current diseases diagnosed by a physician (range: 1–7), (4) estimated work 

impairment due to diseases (range: 1–6), (5) sick leave during the past 12 months (range: 

1–5), (6) self-prognosis of working ability for the next 2 years (scores: 1,4, or 7), and (7) 

mental resources (range: 1–4). The overall score refers to four categories of scores: 7–27 

points (bad working ability) to restore work Ability, 28–36 points (moderate working 

ability) to improve work ability, 37–43 points (good working ability) to support work 

ability, and 44–49 points (very good working ability) to support work ability as described 

in our previous investigations [58]. The data were analysed for statistical significance by 

using the statistical package of social science (SPSS 11.0 Systat 8.0) software. 
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4. RESULTS 

The workers of the examined and control group were similar in structure in relation to 

age, gender and length of service. The average age of workers in the exposed group was 

47.81 ± 3.22 years and the average age of workers in the control group was 48.02 ± 2.98 

years, which does not represent a statistically significant difference. The average length 

of service of the subjects of the exposed group was 20.23 ± 2.75 years and the workers of the 

control group 20.35 ± 2.63 years, which also does not represent a statistically significant 

difference (Table 1). 

Table 1 Structure of workers in the exposed and control group in relation to age and 

years of service 

 Exposed group 

 (N=200) 

Control group  

(N=180) 

p 

N X SD N X SD 

Age (years) 200 47.81 3.22 180 48.02 2.98 n.s 

Years of service 200 20.23 2.75 180 20.35 2.63 n.s 

n.s - not significant 

There were 117 (58.5%) men and 83 (41.5%) women in the exposed group, which is 

not a statistically significant difference compared to the control group (58.9% men and 

41.1% women) (Table 2). 

Table 2 Structure of workers in the exposed and control group in relation to sex 

Sex  Exposed group 

 (N=200) 

Control group  

(N=180) 

p 

N Number % N Number %  

Man 200 117 58.5 180 106 58.9 n.s 

Woman 200 83 41.5 180 74 41.1 n.s 

Total 200 200 100.0 180 180 100.0  

n.s - not significant 

Analysis of the number of respondents in relation to belonging to a specific age 

subgroup of work experience (0-10 years; 11-20 years; 21-30 years; 31-40 years) shows 

that there are no statistically significant differences between the exposed and control 

groups (Table 3). 

Table 3 Structure of workers in the exposed and control group in relation to years of service 

Years  

of service 

Exposed group  

(N=200) 

Control group  

(N=180) 

p 

Number % Number %  

0-10 52 26.0 46 25.5 n.s 

11-20 49 24.5 44 24.4 n.s 

21-30 51 25.5 48 26.7 n.s 

31-40 48 24.0 42 23.3 n.s 

Total 200 100.0 180 100.0  

n.s - not significant 
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In the exposed group, a greater presence of workers suffering from infectious, malignant, 

mental, diseases and diseases of the hematopoietic, immune, endocrine, nervous, 

cardiovascular, respiratory, gastrointestinal, musculoskeletal systems and diseases of the eye, 

ear and skin was registered. This difference is statistically significant for the number of 

patients with diseases of the blood, immune and circulatory system (p<0.05) (Table 4). 

Table 4 Detected diseases and related health problems in workers of the exposed and 

control group 

Disease or related health problem  

(according to ICD-10) 

Exposed group 

(N=200) 

Control group 

(N=180) 

p 

Number % Number % 

Certain infectious and parasitic diseases  31 15.5 14 7.7 n.s 

Neoplasms  19 9.5 7 3.9 n.s 

Diseases of the blood and blood-forming organs and 

certain disorders involving the immune mechanism   

17 8.5 5 2.8 p<0.05 

Endocrine, nutritional and metabolic diseases  33 16.5 17 9.4 n.s 

Mental and behavioural disorders  29 14.5 16 8.9 n.s 

Diseases of the nervous system  13 6.5 7 3.9 n.s 

Diseases of the eye and adnexa  27 13.5 12 6.7 n.s 

Diseases of the ear and mastoid process  21 10.5 11 6.1 n.s 

Diseases of the circulatory system  79 39.5 41 22.7 p<0.05 

Diseases of the respiratory system  27 13.5 16 8.9 n.s 

Diseases of the digestive system  23 11.5 13 7.2 n.s 

 Diseases of the skin and subcutaneous tissue  21 10.5 17 9.4 n.s 

Diseases of the musculoskeletal system and 

connective tissue  

55 27.5 34 18.9 n.s 

Diseases of the genitourinary system  19 9.5 12 6.7 n.s 

Without diseases 117 58.5 131 72.3 n.s 

n.s - not significant 

In the exposed group, there was a statistically significantly higher number of workers 

suffering from two or more diseases at the same time compared to the subjects of the 

control group (Table 5). 

Table 5 Number of detected diseases and related health problems in workers of the exposed 

and control group 

 Exposed group  

(N=200) 

Control group  

(N=180) 

p 

Number % Number % 

Without disease 117 58.5 131 72.3 n.s 

With one disease 41 20.5 29 16.1 n.s 

With two or more diseases 42 21.0 20 11.1 p<0.05 

Total 200 100.0 180 100.0  

n.s - not significant 

Work ability index (WAI) was statistically significantly higher among the workers of 

the control group (39.4 ± 3.81) compared to the workers of the exposed group (31.8 ± 

2.53) (p<0.0001). It was determined that the WAI value decreases with the length of 
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service in the exposed group and that this decrease is particularly pronounced after the 

eleventh year of service. No reduction is registered in the control group WAI with the 

length of service (Table 6). 

Table 6 WAI in exposed and control groups in relation to years of service 

Years  

of service 

 

Exposed group 

(N=200) 

Control group 

(N=180) 

p 

N X SD N X SD 

0-10 52 39.8 3.02 46 39.9 4.52 n.s 

11-20 49 33.5 2.98 44 39.8 3.01 p<0.0001 

21-30 51 29.4 2.31 48 38.9 2.98 p<0.0001 

31-40 48 23.8 1.98 42 38.1 2.76 p<0.0001 

Total 200 31.8 2.53 180 39.4 3.81 p<0.0001 

n.s - not significant 

Men in the exposed group had a statistically significantly lower work ability index 

(33.8 ± 2.84) compared to men in the control group (39.8 ± 3.98) (p<0.0001). Women in 

the exposed group had a statistically significantly lower work ability index (28.9 ± 2.28) 

compared to women in the control group (38.8 ± 3.75) (p<0.0001) (Table 7). 

Table 7 WAI at workers of exposed and control group in relation to sex 

Sex Exposed group  

(N=200) 

Control group  

(N=180) 

p 

N X SD N X SD 

Man 117 33.8 2.84 106 39.8 3.98 p<0.0001 

Woman 83 28.9 2.28 74 38.8 3.75 p<0.0001 

Total 200 31,8 2.53 180 39,4 3.81 p<0.0001 

In the exposed group, men had a statistically significantly higher WAI (33.8 ± 2.84) 

than women (28.9 ± 2.28). In the control group, the difference in WAI between men 

(39.8 ± 3.98) and women (38.8 ± 3.75) was not statistically significant (Table 8). 

Table 8 WAI in relation to sex at workers of exposed and control group 

 Sex  

 Man Woman p 

N X SD N X SD 

Exposed group (N=200) 117 33.8 2.84 83 28.9 2.28 p<0.0001 

Control group (N=180) 106 39.8 3.98 74 38.8 3.75 n.s. 

Healthy workers had the highest index of work ability both in the exposed (34.9± 2.93) 

and in the control group (40.8± 3.98). Workers with one registered disease had a higher work 

capacity index than workers with two or more diseases in both the exposed and control 

groups. Workers of the control group of all categories (without disease; with one disease; with 

two and more diseases) had a statistically significant higher index of work ability compared to 

workers of the same categories of the exposed group (p<0.0001) (Table 9). 
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Table 9 WAI in exposed and control groups in relation to number of the diseases 

Years of service Exposed group  

(N=200) 

Control group  

(N=180) 

p 

N X SD N X SD 

Without disease 117 34.9 2.93 131 40.8 3.98 p<0.0001 

With one disease 41 30.7 2.32 29 38.5 2.75 p<0.0001 

With two or more diseases 42 24.2 1.78 20 31.5 2.85 p<0.0001 

Total 200 31.8 2.53 180 39.4 3.81 p<0.0001 

n.s - not significant 

5. DISCUSSION 

Work capacity is the ability to perform a specific job that can be valued in the labor 

market. It implies the ability of a worker to arrive at their workplace, complete tasks, leave 

their workplace and successfully respond to all job requirements without jeopardizing their 

health and health and safety of other workers. In addition to professional knowledge, 

experience, skills and qualifications for performing a certain job, there are additional  factors 

that are significant for performing a particular job, such as the state of health and the 

functional state of engaged organs and organ systems, psychophysical abilities, motivation for 

work, habits, family circumstances, social environment, marital condition, age, climatic 

conditions, presence of occupational risks (noise, vibrations, chemical risks, stressful factors, 

radiation, lighting, microclimatic conditions, biological agents, dust), workplace requirements 

(physical effort, shift work, standard work, at a height, non-physiological position of the 

body), the way of getting to and from work,. The opinion on working capacity is made based 

on the worker's health condition, the functional capacity of their involved organs and organ 

systems, particular requirements of their job  and the presence of professional risks [59,60]. 

The goal of this research is to assess the impact of night shift work on the work ability of 

exposed workers. The WAI questionnaire was used as an instrument for assessing work 

ability since it analyses the largest number of factors that affect work ability. According to 

data from the literature, working the night shift reduces workers' psychophysical capacities, 

which are key aspect in their ability to work. To support this, Maltese F and colleagues proved 

that the cognitive abilities of doctors significantly changed after a night shift in intensive care, 

regardless of their professional experience or the amount of sleep during the shift [61]. In his 

research, Fischer FM showed that the working ability of people who work the night shift is 

significantly determined by socio-demographic factors (earnings, raising children, age), 

working conditions (microclimate, workplace organization and verbal abuse) and health 

parameters (high body mass index, obesity, sleep problems and fatigue) [62]. Research by 

Nishimura Y and colleagues shows that working on the night shift significantly reduces the 

cognitive ability, reaction time and self-control ability of nurses, which significantly affects 

the safety and health of nurses [63]. Many studies have demonstrated that fatigue, tiredness 

and decreased quality of life are significant consequences of night shift work [64,65,66,67,68] 

and these consequences are much more severe in older workers [69,70,71]. Night shift work 

has been linked to the incidence of disorders affecting nearly all organs and organ systems. 

The presence of these diseases in workers further reduces the functions of organs and organ 

systems, which in turn reduces the ability to work. Diseases of all systems and organs were 
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found to be more common in this study, but there is statistically significant difference for 

diseases between  the diseases in the group "Diseases of the blood and blood-forming organs 

and certain disorders involving the immune mechanism" and "Diseases of the circulatory 

system". Daytime sleep is approximately 2 hours shorter than night sleep for people who work 

the night shift and is not of the same quality as night rest and sleep. Workers who work at 

night frequently report sleepiness, chronic fatigue, irritation, tension, and non-physiological 

rhythm of work and rest, and more often suffer from insomnia, depression, anxiety, and 

bipolar disorder [72]. In addition, night work also causes gastrointestinal disturbances since 

enzyme secretion during the night is not the same as during the day. Workers who work at 

night complain more about dyspeptic disorders, nausea, stomach pain, and constipation. Many 

gastrointestinal diseases, such as peptic ulceration, Crohn's disease, and ulcerative colitis, 

deteriorate with long-term night work, which significantly affects one's capacity to work. 

Diabetes mellitus and other endocrine diseases are more difficult to control if the worker 

works at night, which increases the risk of complications of these diseases [73]. Night shift 

workers are at higher risk of developing cardiovascular disease, ischemic heart disease and 

arterial hypertension. This is explained by elevated blood fats, excessive obesity, bad habits 

(smoking, alcohol) and sleep disturbance, which adversely affects the cardiovascular system. 

Diseases of the circulatory system significantly reduce the functional work capacity and 

working ability of the affected workers [74]. Angina pain attacks occur more often during the 

night due to the predominance of the parasympathetic system [75,76,77]. Workers who suffer 

from asthma and work at night have more frequent asthmatic attacks due to increased 

bronchial hyperreactivity at night, which worsens respiratory function and work ability. 

Inflammatory diseases are significantly aggravated during night shift work because cortisol 

levels are lower at night than they are during the day [78]. A large number of studies in the 

world have examined the relationship between circadian rhythm and malignant diseases and 

their impact on work ability. Studies report higher risks of breast cancer and colorectal cancer 

after long-term night shift work. It is believed that every cell in the human body has a 

biological clock that is controlled by the circadian rhythm. Melatonin, a strong antioxidant 

that reduces free radical levels and inhibits the growth and proliferation of tumor cells, 

regulates the gene for cell proliferation and apoptosis. Unfortunately, melatonin levels in night 

workers are lower than normal [79,80]. In practice, during the assessment of their working 

capacity, sick workers are exempted from working the night shift for medical reasons, and the 

percentage of workers declared unable to work the night shift due to illness is usually around 

2.5% [81]. This research showed that women are more sensitive and have difficulties to 

sustain night work than men, can be attributed to their heavier family responsibilities and 

insufficient daytime sleep. Night shift work disrupts ovarian hormone secretion, which 

disturbs both the circadian and menstrual cycles, resulting in women who work the night shift 

experiencing health issues more frequently than men [82,83,84,85]. 

6. CONCLUSION 

Working the night shift significantly reduces work ability and women are especially 

vulnerable to its consequences, as do individuals with specific diseases. The consequences of 

night work on reduced working capacity increase with the length of exposure, and workers 

who have worked at night for more than 11 years are especially sensitive to this impact. 



94 J. JOVANOVIĆ, I. ŠARAC, M. JOVANOVIĆ, J. MILANOV, I. ĐORĐEVIĆ 

 

REFERENCES  

1. Eurofound and International Labour Organization. Working conditions in a global perspective. Geneva 
(Switzerland), International Labour Organization, 2019. 

2. Eurofound, Wilczynska A, Cabrita  J, Parent-Thirion A, et al. 6th European working conditions survey, 

Publications Office, 2017.  
3. Rydz E, Hall AL, Peters CE. Prevalence and recent trends in exposure to night shiftwork in Canada. Ann 

Work Expo Health, 64: 270-281, 2020.   

4. Boivin DB, Boudreau P, Kosmadopoulos A. Disturbance of the Circadian System in Shift Work and Its 
Health Impact. J Biol Rhythms. 37(1): 3-28, 2022. 

5. Zhao Y, Lu X, Wan F, Gao L, Lin N, He J, Wei L, Dong J, Qin Z, Zhong F, Qiao Z, Wang W, Ge H, 

Ding S, Yang Y, Xiu J, Shan P, Yan F, Zhao S, Ji Y, Pu J. Disruption of Circadian Rhythms by Shift 
Work Exacerbates Reperfusion Injury in Myocardial Infarction. J Am Coll Cardiol.31; 79(21): 2097-

2115, 2022. 
6. Khan WAA, Conduit R, Kennedy GA, Jackson ML. The relationship between shift-work, sleep, and 

mental health among paramedics in Australia. Sleep Health. 6(3): 330-337, 2020. 

7. Steffey MA, Scharf VF, Risselada M, Buote NJ, Griffon D, Winter AL, Zamprogno H. A narrative 
review of the pathophysiology and impacts of insufficient and disrupted sleep. Can Vet J. 64(6): 579-587, 2023. 

8. Xiao Z, Xu C, Liu Q, Yan Q, Liang J, Weng Z, Zhang X, Xu J, Hang D, Gu A. Night Shift Work, 

Genetic Risk, and Hypertension. Mayo Clin Proc. 97(11): 2016-2027, 2022. 
9. Wang L, Zhang S, Yu M, Yuan J. Association between rotating night shift work and carotid 

atherosclerosis among Chinese steelworkers: a cross-sectional survey. Hypertens Res.  45(4): 686-697, 2022. 

10. Wang N, Sun Y, Zhang H, Wang B, Chen C, Wang Y, Chen J, Tan X, Zhang J, Xia F, Qi L, Lu Y. Long-
term night shift work is associated with the risk of atrial fibrillation and coronary heart disease. Eur Heart 

J. 21; 42(40): 4180-4188, 2021. 

11. Xu C, Weng Z, Liang J, Liu Q, Zhang X, Xu J, Li Q, Zhou Y, Gu A. Shift Work, Genetic Factors, and 
the Risk of Heart Failure: A Prospective Study of the UK Biobank. Mayo Clin Proc. 97(6): 1134-1144, 2022. 

12. Kader M, Selander J, Andersson T, Albin M, Bodin T, Härmä M, Ljungman P, Bigert C. Night and shift 

work characteristics and incident ischemic heart disease and atrial fibrillation among healthcare 
employees - a prospective cohort study. Scand J Work Environ Health. 1; 48(7): 520-529, 2022. 

13. Maidstone RJ, Turner J, Vetter C, Dashti HS, Saxena R, Scheer FAJL, Shea SA, Kyle SD, Lawlor DA, 

Loudon ASI, Blaikley JF, Rutter MK, Ray DW, Durrington HJ. Night shift work is associated with an 
increased risk of asthma. Thorax. 76(1): 53-60, 2021. 

14. Cunningham PS, Jackson C, Chakraborty A, Cain J, Durrington HJ, Blaikley JF. Circadian regulation of 

pulmonary disease: the importance of timing. Clin Sci (Lond). 14; 137(11): 895-912, 2023. 
15. Harding BN, Castaño-Vinyals G, Palomar-Cros A, Papantoniou K, Espinosa A, Skene DJ, Middleton B, 

Gomez-Gomez A, Navarrete JM, Such P, Torrejón A, Kogevinas M, Pozo OJ. Changes in melatonin and 

sex steroid hormone production among men as a result of rotating night shift work - the HORMONIT 
study. Scand J Work Environ Health.1; 48(1): 41-51, 2022. 

16. Luo J, Ding S, Wang W, Fan J, Duan X, Pan Q, Guo L. Assessment of the impact of shift work on 

thyroid disorders: a systematic review and meta-analysis. Sleep Breath. 27(2): 703-708, 2023. 
17. Gao X, Zhang M, Lyu M, Lin S, Luo X, You W, Ke C. Role of Bmal1 in mediating the cholinergic 

system to regulate the behavioral rhythm of nocturnal marine molluscs. Comput Struct Biotechnol J. 23; 

20: 2815-2830, 2022. 
18. Wei T, Li C, Heng Y, Gao X, Zhang G, Wang H, Zhao X, Meng Z, Zhang Y, Hou H. Association 

between night-shift work and level of melatonin: systematic review and meta-analysis. Sleep Med.75: 

502-509, 2020. 
19. Li Q, Zhang S, Yu M, Wang L, Wang Z, Zhang X, Wang Y, Yuan J. Rotating night shift work and liver 

enzymes-associated abnormalities among steelworkers: a cross-sectional study from a Chinese cohort. Int 

Arch Occup Environ Health. 95(10):1935-1944, 2022. 
20. Zhang S, Wang Y, Wang Z, Wang H, Xue C, Li Q, Guan W, Yuan J. Rotating night shift work and non-

alcoholic fatty liver disease among steelworkers in China: a cross-sectional survey. Occup Environ Med. 

77(5): 333-339, 2020. 
21. Clark AB, Coates AM, Davidson ZE, Bonham MP. Dietary Patterns under the Influence of Rotational 

Shift Work Schedules: A Systematic Review and Meta-Analysis. Adv Nutr. 14(2): 295-316, 2023. 

22. Wang F, Xie N, Wu Y, Zhang Q, Zhu Y, Dai M, Zhou J, Pan J, Tang M, Cheng Q, Shi B, Guo Q, Li X, 
Xie L, Wang B, Yang D, Weng Q, Guo L, Ye J, Pan M, Zhang S, Zhou H, Zhen C, Liu P, Ning K, 

Brackenridge L, Hardiman PJ, Qu F. Association between circadian rhythm disruption and polycystic 

ovary syndrome. Fertil Steril. 115(3): 771-781, 2021. 



 The Impact of Night Shift Work on the Work Ability of Exposed Workes 95 

 

23. Casper RF. Shining a light on shift work. Menopause.1; 29(7): 761-762, 2022 
24. Khan D, Rotondi M, Edgell H, Tamim H. The association between shift work exposure and the variations 

in age at natural menopause among adult Canadian workers: results from the Canadian Longitudinal 

Study on Aging (CLSA). Menopause. 29:795–804, 2022. 
25. Swanson C. Sleep Disruption and Bone Health. Curr Osteoporos Rep. 20(3):202-212, 2022. 

26. Swanson CM. Sleep disruptions and bone health: what do we know so far? Curr Opin Endocrinol 

Diabetes Obes.1; 28(4): 348-353, 2021. 
27. Bukowska-Damska A, Skowronska-Jozwiak E, Kaluzny P, Lewinski A. Night shift work and 

osteoporosis - bone turnover markers among female blue-collar workers in Poland. Chronobiol Int. 39(6): 

818-825, 2022. 

28. Bigert C, Kader M, Andersson T, Selander J, Bodin T, Gustavsson P, Härmä M, Ljungman P, Albin M. 

Night and shift work and incidence of cerebrovascular disease - a prospective cohort study of healthcare 

employees in Stockholm. Scand J Work Environ Health. 1; 48(1): 31-40, 2022. 
29. Loef B, Dollé MET, Proper KI, van Baarle D, Initiative LCR, van Kerkhof LW. Night-shift work is 

associated with increased susceptibility to SARS-CoV-2 infection. Chronobiol Int. 39(8): 1100-1109, 2022. 

30. Khosro S, Alireza S, Omid A, Forough S. Night work and inflammatory markers. Indian J Occup 
Environ Med. 15(1): 38-41, 2011. 

31. Zhang G, Shen B, Li P, Wang Y, Liu P, Jiang Y. Night shift work and depression among Chinese 

workers: the mediating role of sleep disturbances. Int Arch Occup Environ Health. 95(9): 1905-1912, 2022. 
32. Sackett M, Clark KR, Webster TL. Shift Work and Mental Health Among Radiologic Technologists. 

Radiol Technol.94(3): 168-179, 2023. 

33. Albertsen K, Hannerz H, Nielsen ML, Garde AH. Night-shift work and psychiatric treatment. A follow-
up study among employees in Denmark. Scand J Work Environ Health. 1; 48(3): 200-209, 2022. 

34. Papantoniou K, Massa J, Devore E, Munger KL, Chitnis T, Ascherio A, Schernhammer ES. Rotating 

night shift work and risk of multiple sclerosis in the Nurses' Health Studies. Occup Environ Med. 76(10): 
733-738, 2019. 

35. Leso V, Caturano A, Vetrani I, Iavicoli I. Shift or night shift work and dementia risk: a systematic 

review. Eur Rev Med Pharmacol Sci. 25(1): 222-232, 2021. 
36. Pepłońska B, Nowak P, Trafalska E. The association between night shift work and nutrition patterns 

among nurses: a literature review. Med Pr. 14;70(3): 363-376, 2019. 

37. Boege HL, Bhatti MZ, St-Onge MP. Circadian rhythms and meal timing: impact on energy balance and 
body weight. Curr Opin Biotechnol.70:1-6, 2021. 

38. Ulacia CS, Silva-Costa A, Rotenberg L, Griep RH. Doses of exposure to night shift work and nutritional 

status among nursing workers. Rev Bras Med Trab.30;19(4): 419-425, 2021. 
39. Dong C, Liu H, Yang B, Pan J, Tang L, Zeng H, Yang S. Circadian rhythm sleep-wake disorders and the 

risk of dyslipidemia among railway workers in southwest China: A cross-sectional study. Chronobiol Int. 

25: 1-10, 2023. 
40. Harding BN, Skene DJ, Espinosa A, Middleton B, Castaño-Vinyals G, Papantoniou K, Navarrete JM, 

Such P, Torrejón A, Kogevinas M, Baker MG. Metabolic profiling of night shift work - The 
HORMONIT study. Chronobiol Int. 39(11): 1508-1516, 2022. 

41. Rashnuodi P, Afshari D, Shirali GA, Amiri A, Zadeh MR, Samani AS. Metabolic syndrome and its 

relationship with shift work in petrochemical workers. Work. 71(4): 1175-1182, 2022. 
42. Heidary E, Latifi SM, Afshari D. Prevalence of metabolic syndrome and its associated factors among 

Iranian steel workers. Work. 68(1): 181-188, 2021. 

43. Li TM, Pien LC, Cheng WJ. Direction and magnitude of social jetlag are associated with obesity: Results 
from a sample of hospital employees. Chronobiol Int.39(9):1242-1248, 2022. 

44. Chaput JP, McHill AW, Cox RC, Broussard JL, Dutil C, da Costa BGG, Sampasa-Kanyinga H, Wright 

KP Jr. The role of insufficient sleep and circadian misalignment in obesity. Nat Rev Endocrinol.19(2): 
82-97, 2023. 

45. Rizza S, Pietroiusti A, Farcomeni A, Mina GG, Caruso M, Virgilio M, Magrini A, Federici M, Coppeta 

L. Monthly fluctuations in 25-hydroxy-vitamin D levels in day and rotating night shift hospital workers. J 
Endocrinol Invest. 43(11): 1655-1660, 2020. 

46. Park H, Suh B, Lee SJ. Shift work and depressive symptoms: the mediating effect of vitamin D and sleep 

quality. Chronobiol Int. 36(5): 689-697, 2019. 
47. Lee HJ, Choi H, Yoon IY. Impacts of serum vitamin D levels on sleep and daytime sleepiness according 

to working conditions. J Clin Sleep Med. 15;16(7): 1045-1054, 2020. 

48. Wei F, Chen W, Lin X. Night-shift work, breast cancer incidence, and all-cause mortality: an updated 
meta-analysis of prospective cohort studies. Sleep Breath.26(4): 1509-1526, 2022. 



96 J. JOVANOVIĆ, I. ŠARAC, M. JOVANOVIĆ, J. MILANOV, I. ĐORĐEVIĆ 

 

49. Sweeney MR, Sandler DP, Niehoff NM, White AJ. Shift Work and Working at Night in Relation to 
Breast Cancer Incidence. Cancer Epidemiol Biomarkers Prev. 29(3):687-689, 2020. 

50. Muscogiuri G, Poggiogalle E, Barrea L, Tarsitano MG, Garifalos F, Liccardi A, Pugliese G, Savastano S, 

Colao A; Obesity Programs of nutrition, Education, Research and Assessment (OPERA) group. Exposure 
to artificial light at night: A common link for obesity and cancer? Eur J Cancer. 173: 263-275, 2022. 

51. Su F, Huang D, Wang H, Yang Z. Associations of shift work and night work with risk of all-cause, 

cardiovascular and cancer mortality: a meta-analysis of cohort studies. Sleep Med. 86: 90-98, 2021. 
52. Leso V, Fontana L, Caturano A, Vetrani I, Fedele M, Iavicoli I. Impact of Shift Work and Long Working 

Hours on Worker Cognitive Functions: Current Evidence and Future Research Needs. Int J Environ Res 

Public Health. 17;18(12): 6540-6547, 2021. 

53. Sunde E, Mrdalj J, Pedersen TT, Bjorvatn B, Grønli J, Harris A, Waage S, Pallesen S. Bright light 

exposure during simulated night work improves cognitive flexibility. Chronobiol Int. 39(7): 948-963, 2022. 

54. Legault G, Clement A, Kenny GP, Hardcastle S, Keller N. Cognitive consequences of sleep deprivation, 
shiftwork, and heat exposure for underground miners. Appl Ergon. 58:144-150, 2017. 

55. Larsen AD, Hannerz H, Møller SV, Dyreborg J, Bonde JP, Hansen J, Kolstad HA, Hansen ÅM, Garde 

AH. Night work, long work weeks, and risk of accidental injuries. A register-based study. Scand J Work 
Environ Health. 1; 43(6): 578-586, 2017. 

56. Vedaa O, Harris A, Erevik EK, Waage S, Bjorvatn B, Sivertsen B, Moen BE, Pallesen S. Short rest 

between shifts (quick returns) and night work is associated with work-related accidents. Int Arch Occup 
Environ Health.  92(6): 829-835, 2019. 

57. Tuomi K, Ilmarinen J, Jahkola A, Katajarinne L, Tulkki A. Work Ability Index. 2nd ed. Finnish Institute 

of Occupational Health; Helsinki, Finland: 1998 
58. Jovica Jovanović, Ivana Šarac, Jovana Jovanović, Stefan Jovanović. Work-Related Health Disorders and 

Work Ability Among Computer-Operating Workers. IPSI Transactions on Internet Research, 17.1: 22-28, 2021. 

59. Jovanović J, Šarac I, Martačić JD, Oggiano GP, Despotović M, Pokimica B, Cupi B. The influence of 
specific aspects of occupational stress on security guards' health and work ability: detailed extension of a 

previous study. Arh Hig Rada Toksikol. 31;71(4): 359-374, 2020. 

60. Matić M, Jovanović J, Jovanović J, Macvanin N. Effects of occupational stress on working ability of 
patients suffering from arterial hypertension. Med Pregl. 66(11-12): 497-501, 2013. 

61. Maltese F, Adda M, Bablon A, Hraeich S, Guervilly C, Lehingue S, Wiramus S, Leone M, Martin C, 

Vialet R, Thirion X, Roch A, Forel JM, Papazian L. Night shift decreases cognitive performance of ICU 
physicians. Intensive Care Med.42(3): 393-400, 2016. 

62. Fischer FM, Borges FN, Rotenberg L, Latorre Mdo R, Soares NS, Rosa PL, Teixeira LR, Nagai R, 

Steluti J, Landsbergis P. Work ability of health care shift workers: What matters? Chronobiol Int. 23(6): 
1165-1179, 2006. 

63. Nishimura Y, Ikeda H, Matsumoto S, Izawa S, Kawakami S, Tamaki M, Masuda S, Kubo T. Impaired 

self-monitoring ability on reaction times of psychomotor vigilance task of nurses after a night shift. 
Chronobiol Int. 40(5): 603-611, 2023. 

64. Tait JL, Chambers TP, Tait RS, Main LC. Impact of shift work on sleep and fatigue in Maritime pilots. 
Ergonomics. 64(7): 856-868, 2021. 

65. Books C, Coody LC, Kauffman R, Abraham S. Night Shift Work and Its Health Effects on Nurses. 

Health Care Manag (Frederick). 39(3):122-127, 2020. 
66. Turchi V, Verzuri A, Nante N, Napolitani M, Bugnoli G, Severi FM, Quercioli C, Messina G. Night 

work and quality of life. A study on the health of nurses. Ann Ist Super Sanita.  55(2): 161-169, 2019. 

67. Kida R, Takemura Y. Working Conditions and Fatigue in Japanese Shift Work Nurses: A Cross-sectional 
Survey. Asian Nurs Res (Korean Soc Nurs Sci). 16(2): 80-86, 2022. 

68. Naeini SAB, Habibi E, Shokrolahi I. The Effect of Sleep Quality and Mental Fatigue on the Learning 

Rate of Shift Workers with Fast Shift Work Rotation. Indian J Occup Environ Med. 26(4): 225-229, 2022. 
69. Blok MM, de Looze MP. What is the evidence for less shift work tolerance in older workers? 

Ergonomics. 54(3): 221-232, 2011. 

70. Bonnefond A, Härmä M, Hakola T, Sallinen M, Kandolin I, Virkkala J. Interaction of age with shift-
related sleep-wakefulness, sleepiness, performance, and social life. Exp Aging Res. 32(2): 185-208, 2006. 

71. Niu SF, Chu H, Chen CH, Chung MH, Chang YS, Liao YM, Chou KR. A comparison of the effects of 

fixed- and rotating-shift schedules on nursing staff attention levels: a randomized trial. Biol Res Nurs. 
15(4): 443-450, 2013. 

72. Rosa D., Terzoni S., Dellafiore F., Destrebecq A. Systematic review of shift work and nurses' health. 

Occup Med (Lond). 24; 69(4): 237-243, 2019. 
73. Saulle R., Bernardi M., Chiarini I., Backhaus G., La Torre G. Shift work, overweight and obesity in 

health professionals: a systematic review and meta-analysis. Clin Ter.169 (4): 189-197,  2018. 



 The Impact of Night Shift Work on the Work Ability of Exposed Workes 97 

 

74. Jovanović J, Jovanović M, Djordjević D. Work capacity evaluation in workers with arterial hypertension. 
Vojnosanit Pregl. 58(6): 631-639, 2001. 

75. Wang X-S, Armstrong MEG, Cairns BJ, Key TJ, Travis RC. Shift work and chronic 

disease: the epidemiological evidence. Occup Med Oxf Engl. 61(2): 78–89, 2011. 
76. De Bacquer D, Van Risseghem M, Clays E, Kittel F, De Backer G, Braeckman L. Rotating shift work and the 

metabolic syndrome: a prospective study. Int J Epidemiol. 38(3): 848–854, 2009. 

77. Hemmer A, Mareschal J, Dibner C, Pralong JA, Dorribo V, Perrig S, i ostali. The Effects of Shift Work 
on Cardio-Metabolic Diseases and Eating Patterns. Nutrients. 13(11): 4178-4187,2021. 

78. Collins BEG, Hartmann TE, Marino FE, Skein M. Inflammatory Status and Cardio-metabolic Risk 

Stratification of Rotational Shift Work. Ann Work Expo Health. 7; 66(1): 79-88, 2022. 

79. Yong M, Nasterlack M. Shift work and cancer: state of science and practical consequences. Arh Hig 

Rada Toksikol. 63(2): 153–160, 2012. 

80. Briguglio G, Costa C, Teodoro M, Giambò F, Italia S, Fenga C. Women’s health and night shift work: 
Potential targets for future strategies in breast cancer (Review). Biomed Rep.15 (6): 1–12, 2021. 

81. Feng X, Qiu W, Cheng M, Liang R, Xu T, Zhou M, i ostali. Association of shift work with 

cardiovascular disease risk among Chinese workers. Chronobiol Int. 38(8): 1186–1194, 2021. 
82. Theodoro H, Bassani DG, da Silva JC, Mendes KG, Cibeira GH, Schenkel JC, Olinto MTA. Behavioural 

characteristics and abdominal obesity among Brazilian shift working women. Public Health Nutr. 24(2): 

253-259, 2021. 
83. da Silva JC, Garcez A, Cibeira GH, Theodoro H, Olinto MTA. Relationship of work-related stress with 

obesity among Brazilian female shift workers. Public Health Nutr. 24(2): 260-266, 2021. 

84. Vetter C, Devore EE, Wegrzyn LR, Massa J, Speizer FE, Kawachi I, Rosner B, Stampfer MJ, 
Schernhammer ES. Association Between Rotating Night Shift Work and Risk of Coronary Heart Disease 

Among Women. JAMA. 26; 315(16):1 726-34, 2016. 

85. Degenfellner J, Schernhammer E. Shift work tolerance. Occup Med (Lond). 24; 71(9): 404-413, 2021.  

UTICAJ RADA U NOĆNOJ SMENI NA RADNU SPOSOBNOST 

EKSPONOVANIH RADNIKA 

Eksponovanu grupu je činilo 200 radnika koji rade u noćnim smenama. Kontrolnu grupu je činilo 

180 radnika koji rade samo u prvoj smeni. U eksponovanoj grupi je registrovano prisustvo većeg broja 

radnika koji pate od infektivnih, malignih, mentalnih, bolesti i oboljenja heatopoeznog, imunog, 

ednokrinog, nervnog, kardiovaskularnog, respiratornog, gastrintestinalnog, muskuloskeletnog  sistema, 

bolesti oka, uva i kože. U eksponovanoj grupi je bio statistički značajno veći broj radnika koji pate 

istovremeno od dve ili više bolesti u odnosu na ispitanike kontrolne grupe. Indeks radne sposobnosti 

(WAI) je bio statistički značajno veći kod radnika kontrolne u odnosu na radnike eksponovane grupe. 

Utvrđeno je da sa dužinom radnog staža u eksponovanoj grupi opada vrednost WAI i da je ovaj pad 

naročito izražen posle jedanaeste godine radnog staža. U kontrolnoj grupi se ne registruje smanjenje 

WAI sa dužinom radnog staža. 

Ključne reči: rad u noćnoj smeni, radna sposobnost, pol, bolest, dužina ekspozicije 


