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Aim: Considering the importance and necessity of physical and mental fitness of the employees with their job demands, this study aimed to
estimate the levels of aerobic capacity among the workers and determine the factors that might affect these levels. The relationship between
the aerobic capacity levels and the values of workers’ cognitive function and workability was also investigated. Materials and Methods: Sixty
healthy male employees from a dairy factory were recruited using a random sampling method. The study design consisted of the completion
of checklists containing personal data, anthropometric measurements, and evaluation of job ability, maximum aerobic capacity along with the
cognitive ability of the participants using the Workability Index (WAI) standard questionnaire, Queen’s College step test, and psychomotor
vigilance test (PVT), respectively. Results: The mean values of VO, . reaction time (RT), and WAI of workers were 45.54 +6.13 mL/kg/min,
337.82+£29.93 ms, and 42.76 + 5.02, respectively. Based on the Pearson correlation test, a weak statically significant correlation was observed
between PVT and VO, (r=0.3, P =0.02) as well as PVT and physical work capacity (» = 0.263, P = 0.04). The findings of this study
showed that there was a significant relationship between height, weight, body mass index, RT, and error percentage with maximal aerobic
capacity (VO, ). Conclusion: According to the physiological criteria, the employees’ capabilities and job requirements are not in balance;
particularly for those working in laboratory, office, or service departments. Therefore, using standardized recruitment tests, providing sports
facilities and developing integrated indicators are a principal element of establishing an ergonomic balance in this workplace.
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INTRODUCTION capacity. It is considered the gold standard for measuring
cardiorespiratory fitness (CRF), representing the highest

Assessing employees’ physical ability is vital for employers amount of oxygen consumption during maximal exercise."

economically and as a strategy for increasing productivity.
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based on their abilities helps determine their energy levels
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mental, environmental, and physiological parameters.[™ It also
decreases with age, with the highest values typically observed
in the 18-25 years of age group and lower values in women
than men.") Regular exercise training can significantly increase
VO, PlIt serves as a reliable criterion for assessing CRF,
depending on the function of organs and systems involved
in oxygen delivery. Any disorder or disease affecting these
organs and systems can lead to a decrease in maximum aerobic
capacity.®

VO, can be estimated using maximal or submaximal tests,
either directly or indirectly. Direct measurement is more reliable
but expensive, requiring specialized equipment and laboratory
conditions. Indirect methods use formulas derived from
conventional tests and offer simpler and cheaper alternatives
with reasonable validity."®! Ergometer bicycles, treadmills, and
steps are commonly used tools for measuring VO, . Step
tests are brief, easy to administer, require minimal equipment
and space, and can be used for all ages. Different step protocols
and equations are used to calculate VO, .

Cognitive ability is how well someone can think, process
information, make decisions, and remember things.!'! It
affects how well someone can perform tasks and helps prevent
errors. Studies have shown that regular aerobic exercise can
improve cognitive function, including memory and resilience
to stress.['') Physical fitness is also connected to cognitive
functions like short-term memory.['?

Workability refers to a worker’s ability to perform their job,
which is influenced by various factors such as physical and
mental abilities, working conditions, and health status.!'*!4
Monitoring workability is important, and the workability
index (WAI) questionnaire is a reliable tool developed by
the Finnish Institute of Occupational Health.['! It assesses
workability from the employee’s perspective and can predict
potential health issues. Several studies have shown the WAI
to be valid in predicting long-term sickness absence and
disability.[' However, it is influenced by factors such as age,
lifestyle, physical capacity, and job demands.[!”

Most research in this field has focused on the relationship
between aerobic capacity and cognitive and functional abilities
in athletes,!'*131%) students,['** and the physical and mental
fitness of employees in the workplace is often overlooked.
Employees in the work environment face ergonomic risks
such as long working hours, stressful conditions, and poor
posture. These risks can lead to musculoskeletal disorders,
absenteeism, and job dissatisfaction. It is crucial to maintain a
balance between physiological and psychological well-being to
effectively perform work tasks and manage these risk factors.

This study examines the importance of physical and mental
fitness for workers and the impact on job performance
and safety. It aims to estimate aerobic capacity, determine
influential factors, and explore the relationship between
cognitive function and workability in a dairy factory. The study
also examines the physiological fitness of these workers. The

findings can be used as a guide for preemployment exams and
selecting physically and physiologically fit individuals for the
job. It also suggests an approach to improve cognitive ability
and reduce occupational accidents and human errors.

Sixty healthy male subjects from a dairy factory were randomly
selected for the study. The sample size was calculated based on
the study of Firoozeh et al.,*" with a maximum aerobic capacity
deviation of ¢ = 3.28, significance level of 95% (o = 0.05),
and accuracy of d = 1. The average age, height, and weight
of the participants were 37.17 + 6.34 years, 174.2 + 7.3 cm,
and 77.56 + 11.3 kg, respectively. All selected subjects had
no history of debilitating diseases, musculoskeletal disorders,
or orthopedic limitations that would prevent intense exercise
testing. They were included in the study after meeting the
inclusion/exclusion criteria (inclusion criteria: at least 1 year
of work experience, age <50 years and exclusion criteria: high
blood pressure, history of cardiopulmonary diseases, diabetes,
skeletal muscular disorders, and orthopedic limitations) and
providing informed consent. All participant data were analyzed
and reported anonymously.

Each participant completed several steps during the
assessment. The first step involved signing the informed
consent form and completing a checklist with personal data
such as gender, age, work experience, marital status, level of
education, smoking habits, and work shift. Referring to the fact
that anthropometric variables such as weight and height have a
significant relationship with maximum aerobic capacity of the
individuals.?? A brief preliminary anthropometric study of the
subjects was performed to measure the values of their height,
weight, and body mass index (BMI). Medical scales were
used to assess these measurements. Finally, the participants’
job ability, maximum aerobic capacity, and cognitive ability,
including reaction time (RT), were evaluated using the
WAL standard questionnaire, Queen’s College step test, and
psychomotor vigilance test (PVT), respectively.

The fact that the production process at the factory had to be
halted to execute the step and the cognition test on the subjects
was considered a limitation of this study. This limitation is
almost typical of the research that has been conducted in the
field of occupational health and safety.

The WAI questionnaire is a commonly used self-assessment
tool for determining a person’s work capacity. It assesses an
employee’s ability to perform their job duties considering their
overall health and wellness, job requirements, and available
resources.!?! In this study, we used the Persian version of the
WAL questionnaire, which has been validated for ergonomic
purposes.!'*!"1 It consists of seven dimensions with a total of
11 questions, covering factors such as current workability,
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physical and mental demands, number of diseases, work
impairment, sick leaves, future workability prediction, and
intellectual and mental capacities. Each dimension has a
different score, and a higher score indicates better workability.
The total WAI score ranges from 7 to 49 and are classified
into four levels: poor, moderate, good, and excellent. This
classification helps determine the workers’ current ability to
work and predict their health risk level.['

Measurement of maximum aerobic capacity (VO, )

In this study, we measured physiological indicators
(VO, ., maximal heart rate, and physical work capacity
[PWC]) using validated instruments and procedures. We
used the step test protocol developed by McArdle et al.** to
indirectly calculate VO, . Participants wore a Polar OH1
optical heart rate sensor to monitor their heart rate during the
test [Figure 1a]. The test involved stepping on a wooden step
for 3 min [Figure 1b], following a specific rate determined by
a metronome. After the exercise, the heart rate was measured
from the 5" to the 12" s during the recovery period, and the
pulse rate was multiplied by 4 to obtain beats per minute (bpm).
VO, was calculated using a specific equation.

For males: VO, = 111.33 —(0.42 x pulse rate beats/min).

For females: VO, =65.81—(0.1847 x pulse rate beats/min)
(mL/kg/min).

The PWC was found to be 33% of VO, ,and HR _ values
were estimated for each subject using the given equation.
HR =220 - Age (years).

Measurement of the cognitive ability

The cognitive ability of each subject was assessed using the
psychomotor vigilance test (PVT). PVT is a RT test commonly
used to evaluate alertness, attention, sleep, and cognitive
function disorders. In the test, a visual stimulus appeared
randomly on the screen every 2—10 s and the subject responded
by pressing a button. The number of misses or lapses and the
time interval between stimulus appearance and response were
recorded in milliseconds. Each participant completed the PVT
test once, which consisted of 180 stimuli. The total duration
of the test was 68 min, but an abbreviated version that lasting
around 11 min was done just after the step test.

Data analysis

Descriptive statistics, such as measures of central tendency and
dispersion for quantitative variables, as well as frequency and
percentage for qualitative variables, were used to describe the

- ol

Figure 1:
height

a) PolarOH1-optical heart rate sensor, (b) step with 41.3 cm

data. In addition, an independent #-test, ANOVA, and Pearson
correlation tests were performed to analyze the data. All statistical
tests were conducted in SPSS version 22 (IBM com, Chicago,
USA), and P < 0.05 was considered statistically significant.

ResuLts

Table 1 presents participant demographics and anthropometric
characteristics. Table 2 displays mean, standard deviation,
maximum, and minimum values for physiological, cognitive
variables, and WAL In addition, Table 3 depicts the correlation
between each variable and VO

2 max”

As shown in Table 3, correlations were found between
anthropometric and cognitive variables and VO, (P <0.05).

The relationship between workers’ workability and
personal and physiological characteristics

In this study, the relationship between workability and
personal and physiological characteristics was investigated.
No significant correlation was found between PWC and
WAL, as well as between WAI and variables such as age,

Table 1: Description of the participants’ personal data

Variable n Mean=SD Range
Age (years) 60 37.17+£6.3 27-51
Height (cm) 60 174.2+7.3 159-192
Weight (kg) 60 77.56+11.3 53-98
BMI 60 25.5+2.9 18.1-30.99
Work experience (years) 59 10.85+6.7 2.5-28

BMI: Body mass index, SD: Standard deviation

Table 2: Description of different variables of participants

Variable Mean+SD Range
VO,max (mL/kg.min) 45.54+6.13 34.47-58.53
PWCmax (kcal/min) 17.68+3.53 9.31-25.95
PWC (kcal/min)* 5.84+1.14 3.21-8.56
Reaction time (ms) 337.82429.93 239412
True response 96.02+3.53 82-100
Percentage error 3.98+3.53 0-18
WAI 42.76+5.02 28-49

*PWC=PWCmaxx0.33. WAI: Workability index, SD: Standard deviation,
VO,max: Maximum aerobic capacity, PWC: Physical work capacity

Table 3: Correlation between different variables and
V0,max

Variable Correlation coefficient P
Age 0.11 0.39
Height 0.56 <0.001
Weight 0.77 <0.001
BMI 0.59 <0.001
Reaction time 0.3 0.02
Percentage error 0.6 0.02
WAI 0.12 0.3

BMI: Body mass index, WAI: Workability index
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Table 4: Comparison of employee’s physical work capacity with standardized values for their jobs metabolic equivalent

Job Job code  Required energy (MET)  BMR mean (kcal/min)  PWC mean (kcal/min) PWC mean (MET)  Substrate
Technical 11130 3.5 1.95 6.11 3.13 +0.37
Production 11610 3 1.86 5.73 3.08 -0.08
Laboratory 11580 1.5 2.02 5.98 2.96 -1.46
Office 11585 1.5 1.8 5.72 3.18 -1.68
Security 11525 2.5 2.14 6.54 3.06 -0.56
Warehousing 11610 5.3 1.58 3 3.35 -0.35
Services 11820 5 1.84 5.34 2.9 +2.1

PWC: Physical work capacity, MET: Metabolic equivalent

BMI, and smoking (P > 0.05). However, an association was
discovered between marital status, weekly exercise hours, and
WAI (P < 0.05).

Based on cardiopulmonary fitness standards,*! the
participants” VO, values were determined for different
departments in the factory. The average values were as
follows: technical (46.25 + 7.08), production (45.86 = 5.07),
laboratory (43.02 + 6.16), office (45.11 £ 6.92),
security (44.97 + 4.84), warehouse (49.48 £ 5.5), and
services (42.87). All employees were classified as having
“good” cardiovascular status based on their age ranges. It is
possible to categorize and interpret the physiological ability
and cardiovascular fitness of workers using the average VO
index and the age range of people.

2 max

Using the job activity coding system,?*?”! the required standard
energy level was subtracted from the mean working capacities
of employees in each department [Table 4].28 This revealed
a physiological mismatch between the nature of work and the
characteristics of employees in the service and security department.

This study investigated the relationship between participants’
aerobic capacity, cognitive performance, and workability.
The mean WAI was found to be 42.76 + 5.02, which falls
within the acceptable range suggested by the Finnish Institute
of Occupational Health.l' Of the employees, 11.7% had
moderate workability, 31.7% had good workability, and 56.7%
had excellent workability. Workability is a complex issue
influenced by various factors such as employee characteristics
and job-related factors. Identifying and addressing contributory
factors could improve lower levels of workability.?”) Previous
studies have measured WAI in different occupations, and most
reported acceptable levels (WAI < 36). For instance, the WAI
was reported to be 40.9 among Dutch construction workers,
40.9 among Finnish police officers, and 40.6 among Belgian
firefighters, respectively.l?%

The Pearson correlation coefficient was used to examine
the association between workability and each of the
following variables: age, work experience, BMI, work
capacity, and the hours of exercise per week. No statistically
significant relationship was observed between the participants’

workability and their age, work experience, BMI, and
work capacity (P > 0.05). However, a strong link between
workability and exercise hours per week and marital status
was identified (P < 05). These results correspond to those of
Hajizadeh et al. who discovered no correlation between WAL,
age, or work experience.*”

To assess cognitive ability, the researchers used the
psychomotor vigilance test (PVT). The mean test time was
337.82 ms and the number of correct answers was 96.02.
Using the Pearson correlation test, they found a weak but
statistically significant positive association between PVT
and VO,  (r=0.3, P =0.02), as well as between PVT
and PWC (r = 0.263, P = 0.04). Previous research has also
shown that individuals with better physical fitness tend to
have improved cognitive performance, including sustained
attention and quicker RT.") Qasemy et al. found a similar
positive relationship between physical and cognitive abilities,
supporting the findings of this study.!'”

The mean and standard deviation of the VO,  index
of workers in terms of mL/kg/min as well as L/min
were 45.54 = 6.13 and 3.53 + 0.71, respectively. These
values exceeded those of other employees, particularly
industrial sector employees (36.3 £+ 9.72), (38.4 + 7.48),531
firefighters (36.3 + 8.28),? military personnel (29.93 +2.37),5
medical emergency students (3.15 + 0.5 L/min),3 and less
than medical students (45.66 = 8.96).%4l The participants’
cardiovascular fitness level, based on the study by McArdle
et al., was categorized as good for their age range.> A
higher respiratory capacity was associated with lower blood
pressure, heart rate, and stress levels and could potentially
alleviate muscle tension and musculoskeletal problems.
According to this study, VO,  was significantly correlated
with the participants’ height, weight, and BMI. It is known that
factors such as age, weight, BMI, and physical activity levels
can affect an individual’s aerobic capacity.??! Therefore, the
observed disparities can be explained. In addition, a significant
association was found between VO, and RT (r = 0.3,
P =0.02), as well as between VO, and error rate (r = 0.6,
P=0.02).

The mean permissible workload for employees was 5.84
kcal/min, with no significant difference between employees
in different jobs. Work physiology experts suggest that for
continuous work over 8 h, the workload should be one-third or
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less than the individual’s physiological capacity (25% for 12 h
of work).B However, when comparing the mean workload with
respect to different jobs, there was an incompatibility among
the characteristics of employees, especially in laboratory,
office, and service work. According to physiological,/?%*"
service personnel had a workload that was less than their
physical capacity, whereas office and laboratory personnel had
workloads that exceeded their physical capabilities. Therefore,
measures should be taken to achieve a proper balance. Another
study also found similar mismatches among manufacturing
business personnel.’! To promote the physical and mental
health of employees and adhere to ergonomics principles,
individuals should be recruited based on job demands. For
future research in this field, it is recommended to conduct the
investigations on a larger sample size and to carry out several
specialized physical activity assessments.

ConcLusION

To ensure a healthy workforce, officials and policymakers
should consider employees’ physical traits and fitness
levels. This can be achieved by implementing robust
selection processes, standardizing employment procedures,
and providing sports and activity facilities. By prioritizing
employees’ physiological well-being, a balanced and
ergonomic workplace can be established.
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