
Original Article 

 

JOHE, Spring 2026; 15 (2)                                                                                                                                144 

 
 

Association Between Shift Work, Neurocognitive Functioning, and Sleep Quality among 

Workers of Cement Industry in 2024 

 

Fatemeh Kargar-Shouroki1*, Mohammad Reza Shamsaddini2, Fahimeh Dehghani3  
 

 

1. Assistant Prof., Industrial Diseases Research Center, Dept. of Occupational Health Engineering, School of Public Health, Shahid Sadoughi 

University of Medical Sciences, Yazd, Iran. 

2.  M.Sc. Student in HSE, Industrial Diseases Research Center, Department of HSE, School of Public Health, Shahid Sadoughi University of 

Medical Sciences, Yazd, Iran.  

3.  Associate Prof., Dept. of Psychology and Educational Sciences, Yazd University, Yazd, Iran. 
 

 

 

 

Abstract 

 

 Article Info 

 

Background: Shift work disrupts circadian rhythms and can result in sleep deprivation and 

cognitive impairments. This study aimed to examine the impact of shift work on cognitive 

performance, executive functions and skills, as well as sleep quality among workers in Iran's 

cement industry. 

Materials and Methods: This cross-sectional study was undertaken among 200 workers of a large 

cement factory in Kerman city in 2024 (100 day workers and 100 shift workers). Sleep quality, 

executive functions, executive skills, and cognitive flexibility were determined by the Pittsburgh 

Sleep Quality Index (PSQI), Adult Executive Functioning Inventory (ADEXI), Executive Skills 

Questionnaire–Revised (ESQ-R), and the Cognitive Flexibility Inventory by Dennis and Vander 

Wal (CFI), respectively. Data were analyzed via SPSS software version 22.  

Results: Shift workers had significantly worse mean scores than day workers on the PSQI, 

ADEXI (working memory, inhibition, and total score), ESQ-R (planning, time management, and 

total score), and CFI (all subscales and total score). Poor sleep quality was observed in 75% of 

shift workers and 39% of day workers. There was a poorer sleep quality in the group over age 40 

(64.40%) than in the group under age 40 (52.80%). Pearson correlation analysis revealed 

significant negative correlations between cognitive flexibility with sleep quality (r = -0.49, 

p<0.01), executive functions (r = -0.18, p<0.001), and executive skills (r = -0.26, p<0.01). 

Conclusion: Shift work is linked to diminished sleep quality and impaired cognitive performance. 

Optimized shift scheduling and increasing awareness about sleep hygiene are recommended to 

mitigate these adverse effects. 
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Introduction 

Cement is a fundamental material for global 

infrastructure, which is essential for concrete 

production, housing, and industrial development. 

Workers are routinely exposed to hazards such as high 

temperature, excessive noise, heavy machinery, 

chemicals, and dust, which heighten the risk of 

workplace incidents, and chronic health problems. 

While the physical and chemical health risks in this 

sector are well-documented, the neurocognitive impact 

of shift work remains less explored, particularly within 

this specific industrial environment [1].  

Shift work, including evening, night, morning shifts as 

well as fixed or rotating schedules is an essential 

component of many industries, such as healthcare, 

transportation, and manufacturing [2, 3]. It has been 

reported that shift work is associated with adverse 

effects on different physiological systems, including the 
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gastrointestinal, cardiovascular, reproductive, and 

nervous systems. Moreover, gastric ulcers, breast 

cancer, metabolic syndrome, diabetes, dyslipidemia, and 

obesity have also been reported as a result of shift work 

[4-6].  

Sleep deprivation, as a consequence of shift work, is 

linked to mood disturbances, impaired motor function, 

diminished communication and learning abilities [7-9], 

diminished decision making, decreased protective health 

behaviors [9-11], cognitive problems [1, 3, 8, 12-15], as 

well as adverse effects on reaction time [16, 17], 

accuracy [18], attention [6, 17, 19], and memory [6, 20]. 

Such impairments can lower work quality and 

productivity while elevating the likelihood of accidents 

and errors [21]. An increased 15% and 28% risk of 

accidents has been reported during evening and night 

shifts, compared to day shifts [7]. Long working hours 

are also tied to a higher prevalence of depression, 

anxiety [22, 23], fatigue, and error rates [3, 24-27]. 

Concerns have increased regarding the health effects of 

shift work, particularly its cognitive problems and its 

potential to decrease executive functions. Cognitive 

performance refers to the brain’s ability to process and 

retain information, make decisions, solve problems, and 

perform daily tasks. Several mental functions tests such 

as attention, memory, processing speed, and executive 

functioning have been employed to ascertain the 

cognitive effects caused by shift work [1, 11]. Executive 

functions (including inhibition, and working memory), 

which are linked to the prefrontal cortex, are known to 

be responsible for goal-setting, planning, decision-

making, and impulse control [11, 28, 29].  

Possible mechanisms underlying impaired executive 

functions related to shift work are not clear. Some 

studies have noted that sleep disruption caused by shift 

work leads to diminished glucose metabolism in the 

prefrontal cortex (PFC), which is a key structure for 

executive functions [30]. 

Since executive and cognitive functions operate 

concurrently and interactively, impairment in executive 

functions can also affect cognitive processes [31]. 

Given the high prevalence of reported sleep disorders 

and executive functioning complaints among cement 

workers as well as the relatively homogeneous work 

environment in terms of job tasks with the exception of 

shift work status [1, 2], we selected this setting to 

conduct the present study. 

We, for the first time, simultaneously explored the 

impact of shift work on cognitive performance, 

executive functions and skills, and sleep quality among 

Iran's cement industry workers. 

 

Materials and Methods 

This cross-sectional study was undertaken in 2024 on 

200 male workers from the Kerman Cement Factory in 

Iran. Participants were divided into two groups: 100 day 

workers and 100 shift workers. The following formula 

and statistical power analysis were applied to estimate 

the sample size: 
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Statistical power was set at 80% (β = 0.20) with a 

significance level of α = 0.05. According to a pilot study 

involving 20 cement workers, the following values were 

obtained: X₁ = 6.72, X₂ = 7.50, S₁ = 1.65 and S₂ = 2.24. 

Using these parameters, the required sample size was 

calculated to be 100 participants per group. Samples 

were selected via simple random sampling. 

Workers in the day shift (control) group worked only 

fixed morning shifts (6:00 AM to 2:00 PM), six days a 

week (Saturday to Thursdays). Shift Workers followed a 

continuous 24/7 operation schedule. The "2-2-2" 

rotation pattern was applied: workers performed 2 

consecutive morning shifts (6:00 AM - 2:00 PM), 

followed by 2 consecutive evening shifts (2:00 PM - 

10:00 PM), followed by 2 consecutive night shifts 

(10:00 PM - 6:00 AM). Once this 6-day cycle was 

completed, they had 1 day off before starting the next 

cycle. The two groups—day workers and shift workers 

worked under similar physical and chemical conditions.  

The inclusion criterion for participation in this study 

was at least one year of work experience. Participants 

with a history of neurological or psychiatric disorders, 

current use of hypnotic drugs, diagnosed sleep disorders 

(e.g., insomnia, hypersomnia), smokers, alcohol 

consumers, coffee drinkers, and those who reported 

taking any medication within the 14 days prior to the 

study were excluded from the study. This washout 

period was applied to minimize pharmacological 

confounding on sleep quality and executive functions, 

thereby enabling a clearer assessment of the specific 

impact of shift work. 

Since the effects of sleep deprivation dissipate after two 

to three nights of normal sleep, and cognitive 

performance can recover following two nights of 10-

hour sleep after sleep is restricted to 4–5 hours per night 

for seven consecutive nights, cognitive assessments 

were undertaken at the end of the shifts to ensure that 

the interval between the end of the last shift and the 

cognitive assessment did not exceed 48 hours [32]. 

After obtaining written informed consent from the 

patients, data were collected using questionnaires. 

Pittsburgh Sleep Quality Index (PSQI): The PSQI was 

originally developed by Dr. Daniel J. Buysse and his 

colleagues at the University of Pittsburgh's Sleep 

Medicine Institute [12]. It appraises individuals’ 
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perceptions of their sleep quality over the past four 

weeks. It comprises seven subscales: 
 

1. Subjective sleep quality, 

2. Sleep latency, 

3. Sleep duration, 

4. Habitual sleep efficiency, 

5. Sleep disturbances, 

6. Use of sleeping medication, 

7. Daytime dysfunction. 
 

Each component is scored from 0 (no difficulty) to 3 

(severe difficulty). The global score is between 0 and 

21. A higher score reflects poorer sleep quality. Scores 

of 0, 1, 2, and 3 on each scale represent normal, mild, 

moderate, and severe status, respectively. The cut-off 

score of this tool is 5, implying that a score greater than 

5 indicates poor sleep quality [11, 33]. The validity and 

reliability of the questionnaire were confirmed in the 

study by Moghadam et al. [14] (Cronbach's alpha 

coefficient = 0.77).  

The Adult Executive Functioning Inventory 

(ADEXI): This self-report scale, developed by Thorell 

and Holst, measures executive functions (working 

memory and inhibition). The instrument contains 14 

items, each rated on a 5-point Likert scale ranging 

between 1 = completely false and 5 = completely true. 

Scores for the working memory subscale (9 items) range 

from 9 to 45, while those for the inhibition subscale (5 

items) range within 5 to 25, with the total executive 

functioning score ranging from 14 to 70. Higher total 

scores reflect greater self-reported executive function 

difficulties. 

In Thorell and Holst’s, test–retest reliability ranged 

between 0.68 and 0.72, with internal consistency 

(Cronbach’s alpha) reported as 0.90 for working 

memory, 0.77 for inhibition, and 0.91 for the total score 

[34]. The validity and reliability of the questionnaire 

were confirmed in the study by Parhoon et al. [35]. 

Executive Skills Questionnaire (ESQ-R): This 25-

item questionnaire appraises five executive skills: 

planning, time management, emotional regulation, 

organization, and behavioral self-regulation.  

Scoring is based on a Likert scale (never, sometimes, 

often, always), with scores ranging from 0 (never) to 3 

(always). The validity and reliability of the tool have 

exhibited satisfactory psychometric properties in 

previous studies (Cronbach’s alpha for subscales 0.62–

0.86; total score α = 0.91) [36, 37]. 

Cognitive Flexibility Inventory (CFI) by Dennis and 

Vander Wal: This 20-item instrument, developed by 

Dennis and Vander Wal (2010), measures cognitive 

flexibility across three domains: i) the perception of 

controllable situations, ii) the generation of alternative 

explanations for events, and iii) the production of 

alternative solutions to problems. Responses are 

recorded on a 7-point Likert scale (1 = strongly disagree 

to 7 = strongly agree). The total score ranges from 20 to 

140, with higher scores revealing greater cognitive 

flexibility. Studies have reported high degree of 

construct validity and high internal consistency for the 

Farsi version (Cronbach’s α = 0.88–0.91) [38-40]. 

Data were analyzed using SPSS software (version 22). 

Continuous variables are presented as mean ± standard 

deviation, and categorical variables as frequencies 

(percentages). For continuous variables (CFI, PSQI, 

ESQ-R, ADEXI) and categorical variables (education 

level), independent samples t-test and Chi-square test 

were employed, respectively. Relationships between 

key variables were inspected using Pearson’s correlation 

coefficient. A p-value of less than 0.05 was considered 

statistically significant. 

 

Results 

The demographic characteristics of the studied subjects 

are reported in Table 1. According to the table, no 

significant differences were found between the day and 

shift workers regarding age (35.55 ± 7.51 vs. 36.87 ± 

6.89 years, p = 0.20), work experience (13.06 ± 5.21 vs. 

12.39 ± 4.57 years, p = 0.33), BMI (25.52 ± 3.07 vs. 

25.28 ± 3.45 kg/m², p = 0.60), and education level (p = 

0.47). All participants were male and non-smoker. 

 

Table 1.  The demographic characteristics of the studied participants (N = 200) 

Variables 
Day Workers (n=100)  

Mean ± SD 

Shift Workers (n=100)  

Mean ± SD 
P-Value 

Age (years) 35.55±7.51 36.87 ± 6.89 0.20* 

Work Experience (years) 13.06 ± 5.21 12.39 ± 4.57 0.33* 

Weight (kg) 75.73 ± 12.20 76.50 ± 13.15 0.67* 

Height (cm) 171.98 ± 7.72 173.65 ± 6.85 0.11* 

BMI (Kg/m²) 25.52 ± 3.07 25.28 ± 3.45 0.60* 

Variables Number (Percent) Number (Percent) P-Value 

Education Level 

Diploma 48 (48) 56 (56) 

0.47** 
High Diploma 6 (6) 3 (3) 

Bachelor 38 (38) 31 (31) 

Masters 8 (8) 10 (10) 

* Independent Sample T-Test 

**Chi-square test 
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Table 2 outlines the mean total sleep score and its 

subscales in the study groups. As indicated in the 

results, the mean total sleep quality score and all 

subscales, except for the use of sleep medications, were 

significantly higher among shift workers compared to 

day workers (total score: 6.55 ± 1.90 vs. 4.45 ± 1.46, 

p<0.001).  

 

Table 2. Mean score of sleep quality and its subscales in the study groups  

Variables 
Day Workers (n=100)  

Mean ± SD 

Shift Workers (n=100)  

Mean ± SD 
P-Value 

Subjective Sleep Quality 0.55±0.44 0.85±0.64 <0.001 

Sleep Latency 0.70 ± 0.55 1.02 ± 0.88 0.003 

Sleep Duration 0.63 ± 0.50 0.90 ± 0.79 0.005 

Habitual Sleep Efficiency 1.01 ± 0.67 1.41 ± 0.82 <0.001 

Sleep Disturbances 0.81 ± 0.58 1.13 ± 0.62 <0.001 

Use of Sleep Medication 0.29 ± 0.45 0.40 ± 0.49 0.10 

Daytime Dysfunction 0.46 ± 0.55 0.83 ± 0.60 <0.001 

Total Score 4.45 ± 1.46 6.55 ± 1.90 <0.001 

* Independent Sample T-Test 

 

Table 3 presents the categorization of sleep quality in 

the groups. Based on the results, 75% of shift workers 

and 39% of day workers had poor sleep quality. Further, 

sleep quality in individuals over 40 years was 

significantly higher than in those under 40 (64.40% vs. 

52.80%). 

 

Table 3. Categorization of sleep quality in the study groups 

 Variables PSQI<5 PSQI>5 P-value* 

Shift 
Day workers 39 (39) 61 (61) 

<0.001 
Shift workers 75 (75) 25 (25) 

Age (years) 
<40 67 (52.80) 60 (47.20) 

0.05 
40≤ 47 (64.40) 26 (35.60) 

Work Experience 

(years) 

<10 68 (60.20) 45 (39.80) 
0.19 

10≤ 46 (52.90) 41 (47.10) 

*Chi-square test 

 

The mean executive function scores are provided in 

Table 4. As the results indicate, the mean scores for 

working memory, inhibition, and total executive 

function were significantly higher among shift workers 

compared to day workers (higher scores imply poorer 

condition). 

 

Table 4. Mean scores of executive functions in the study groups 

Variables 
Day Workers (n=100)  

Mean ± SD 

Shift Workers (n=100)  

Mean ± SD 
P-Value* 

Working Memory 22.58 ± 4.91 24.22 ± 4.71 0.02 

Inhibition 15.43 ± 2.80 16.63 ± 1.73 <0.001 

Total Score 38.01 ± 7.43 40.85 ± 5.89 0.003 

* Independent Sample T-Test 

 

Table 5 reports the mean scores of executive skills in 

the study groups. The results demonstrate that the 

subscales of planning, time management, and the total 

executive skills score were significantly higher among 

shift workers compared to day workers (higher scores 

indicate poorer condition). 

 

Table 5. Mean scores of executive skills in the study groups 

Variables 
Day Workers (n=100)  

Mean ± SD 

Shift Workers (n=100)  

Mean ± SD 
P-value* 

Planning 6.32 ± 3.68 7.60 ± 2.07 0.003 

Time Management 7.06 ± 2.35 9.33 ± 4.18 <0.001 

Emotion Regulation 6.50 ± 5.19 7.38 ± 2.29 0.12 

Organization 5.94 ± 3.68 5.99 ± 2.07 0.91 

Behavior Regulation 5.48 ± 4.10 6.10 ± 4.27 0.29 

Total Score 31.30 ± 10.84 36.40 ± 7.86 <0.001 

* Independent Sample T-Test 

http://www.statisticssolutions.com/independent-sample-t-test/
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Table 6 presents the mean scores of cognitive flexibility 

in the study groups. The results indicate that all 

subscales as well as the total cognitive flexibility score 

were significantly lower among shift workers compared 

to day workers (lower scores indicate poorer condition). 

 

Table 6. Mean scores of cognitive flexibility in the study groups 

Variables 
Day Workers (n=100)  

Mean ± SD 

Shift Workers (n=100)  

Mean ± SD 
P-Value* 

Alternatives 34.36 ± 4.28 21.50 ± 3.84 <0.001 

Perceived Controllability 33.21 ± 5.68 16.73 ± 2.66 <0.001 

Alternatives for Human Behavior 8.68 ± 1.64 5.96 ± 1.34 <0.001 

Total Score 76.25 ± 9.62 44.19 ± 5.63 <0.001 

* Independent Sample T-Test 

 

Pearson correlation analysis demonstrated significant 

negative correlations between cognitive flexibility with 

sleep quality (r = -0.49, p<0.01), executive functioning 

(r = -0.18, p<0.001), and executive skills (r = -0.26, 

p<0.01) (Table 7). 

 

Table 7. Correlation coefficients between different variables 

Cognitive Flexibility Executive Skills Executive Functions Sleep Quality Variables 

-0.49** 0.09 0.11 1 Sleep Quality 

-0.18* 0.11 1 0.11 Executive Functions 

-0.26** 1 0.11 0.09 Executive Skills 

1 -0.26** -0.18* -0.49** Cognitive Flexibility 

**p<0.01 

*p<0.001 

 

 

Discussion 

In this study, shift workers exhibited significantly 

poorer total PSQI scores than day workers. In line with 

the present results, previous studies have demonstrated a 

high prevalence of sleep disturbances among shift-

working populations [2, 32, 41, 42, 43, 44]. For 

instance, regarding healthcare staff, Rafi Bazrafshan et 

al. in Iran [41], Machi et al. in the United States [42], 

Alshahrani et al. in Saudi Arabia [43], and Sanjaykumar 

et al. in India [44] reported PSQI scores of 6.52± 4.23, 

4.80 ± 2.50, 7.409 ± 3.406, and 8, respectively. 

In the present study, with respect to PSQI cut-off score 

>5 [33, 45], 75% of shift workers and 39% of day 

workers demonstrated low sleep quality. Likewise, 

Setyowati et al. [33] in emergency nurses in Indonesia 

and Machi et al. [42] in emergency physicians in the 

United States reported that 82% and 31% of participants 

had poor sleep quality. Since most of these studies 

focused on healthcare workers (e.g., nurses, physicians) 

[41-44, 46], who experience extreme psychological 

stress, night-time emergency demands, and high 

emotional workload, the magnitude of the problem 

among industrial workers is poorly understood. The 2–

2–2 rotating shift schedule in the cement shift workers 

requires rapid transitions between morning, evening, 

and night shifts, which does not allow enough time for 

circadian adaptation. 

Totally, shortened sleep duration and insufficient 

intervals between shifts, circadian rhythm disruption, 

competing demands between work and personal life, 

lack of awareness of sleep importance, and extended 

work hours per shift can be considered key factors 

responsible for observed sleep disturbance among 

participants [3, 11]. 

Further, in the present study, sleep disturbances were 

significantly higher among individuals over 40 years old 

which is in line with the findings of Tucker-Drob who 

suggest aging is linked to reduced circadian adaptability 

and diminished sleep efficiency [47].  

In the present study, shift workers exhibited 

significantly poorer executive functions, including 

working memory and inhibitory control, as well as 

executive skills related to planning and time 

management, as well as poorer cognitive flexibility. 

Likewise, a study undertaken in Iran on 35 female 

nurses found that working memory and interference 

scores significantly dropped at the end of each of three 

shifts [13]. Machi et al. [42] and Shwetha and Sudhakar 

[48] found that short-term memory significantly 

diminished at the end of shifts, possibly due to circadian 

rhythm disruption and fatigue from extended working 

hours. In accordance with these findings, Ansiau et al. 

[49] and Tadinac et al. [50] reported significant negative 

effects of shift work especially night shifts on short-

term memory and selective attention.  

The cognitive deficits observed in this study are likely 

driven by sleep deprivation, prolonged physical 

exertion, and circadian disruption. These results align 

with studies conducted on security staff in Iran [2], 

Business Process Outsourcing (BPO) workers in India 

http://www.statisticssolutions.com/independent-sample-t-test/
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[48], rotating emergency nurses in Indonesia [33], 

emergency responders in Poland [6] and other shift 

work populations [51, 52, 53], where sustained 

attention, working memory, and executive function 

were significantly impaired in shift workers. 

Executive functions are primarily mediated by the 

prefrontal cortex (PFC), a brain region that is highly 

sensitive to sleep deprivation and circadian disruption 

[28, 29]. The most likely causes of poor executive 

functions in shift workers are lowered glucose 

metabolism in the PFC following sleep loss, insufficient 

recovery even after compensatory sleep, and accelerated 

cognitive aging owing to chronic circadian 

misalignment [30, 54]. 

 In the cement industry, executive functions are critical 

for maintaining safe and efficient operations. Tasks such 

as monitoring control systems, responding to alarms, 

coordinating production processes, and adhering to 

safety protocols require working memory, inhibitory 

control, and sustained attention. Impairments in these 

domains may undermine workers’ ability to manage 

competing demands and suppress inappropriate 

responses, thereby heightening the likelihood of human 

error and occupational accidents [7, 21, 26]. Further, 

shift workers are at elevated risk of vitamin D 

deficiency owing to reduced sunlight exposure, which is 

linked to cognitive impairments [5]. Evidence suggests 

that cognitive impairments linked to shift work are 

cumulative and duration-dependent. Marquié et al. [5] 

reported cognitive decline after prolonged exposure 

more than ten years. Some studies indicate partial 

recovery of cognitive function following cessation of 

shift work, though this process may require several 

years [6, 51].  

This study had several limitations. All participants were 

male, limiting the generalizability of the findings to 

female workers. Further, cognitive assessments were 

conducted immediately post-shift, which may have been 

influenced by acute fatigue and participants' eagerness 

to leave the workplace, and thus do not represent 

baseline cognitive performance. Also, it was not 

possible to control for all potential confounding factors, 

such as familial and social responsibilities. 

Nevertheless, the findings of this research provide 

valuable insight into the sleep and cognitive challenges 

in shift workers. 

 
Conclusion 

In summary, this study demonstrated that across an 

Iranian industrial setting, rotating shift work is tied to 

reduced sleep quality and deficits in cognitive 

performance. The findings highlight the necessity for 

organizational interventions such as optimizing shift 

schedules, increasing awareness about sleep hygiene, 

and periodic screening of shift workers for early 

identification of sleep and cognitive disorders. Future 

studies are recommended to examine long-term 

cognitive effects and the potential reversibility of these 

effects after ceasing shift work. 
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