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Abstract

The high incidence of physical inactivity in the last decades has increased the need for
development and use of lifestyle interventions that promote physical activity, especially among
the working population.

The levels of occupational and leisure time physical activity differ and are specific among
workers form different occupations, often creating opposing health effects or the so called “physical
activity health paradox”.

The aim of this paper was to present different methods for physical activity evaluation,
and to determine the best methodological approach for the evaluation of the physical activity
and its domains among the working population.

Literature review revealed that the most common methods for physical activity
evaluation among the working population are: subjective (interview, self-reported questionnaires
and physical activity logs), objective (measurement of energy expenditure, physiological measu-
rements, use of motion sensors) and combined methods (subjective-objective).

Criteria for selection of corresponding methodological approach for physical activity
evaluation among the working population are discussed, including the characteristics of the
examined population and the used methods (quality, objectivity, level of workload, cost-effec-
tiveness, specific limitations).

The obtained data will help creating recommendations for interventions in health pro-
motion among the working population.

Keywords: physical activity health paradox, workers, subjective methods, objective
methods

Introduction

Physical activity

Physical activity is defined as “any bodily movement produced by skeletal muscles that
results in energy expenditure®, and includes activities in the daily life that take place while
the person is working, commuting in the household and during leisure time [1].

Physical activity can be classified as structured or unstructured activity, based on four
basic dimensions: mode or type of activity, frequency, duration and intensity of the performed
activity. In the assessment of physical activity and its effects, it is necessary to perceive the
different domains of physical activity: occupational, transportation or utilitarian (e.g. walking to/
from a place, use of public transport, climbing/descending stairs), household and leisure time [1, 2].
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In the evaluation of the health effects and gains of physical activity, it is essential to
analyze the total activity that estimates all four domains, because increase of physical activity
in one of the domains (e.g. in the workplace) can be compensated with the decrease of
activity in one of the other three domains (e.g. leisure time).

Working population

According to the Labor Regulations Law of R. N. Macedonia from 2015, a worker is
defined as an individual who is employed on the basis of an employment contract [3]. According
to the International Standard Classification of Occupations - ISCO-08 of the International Labor
Organization - ILO from 2012, the term occupation is defined as “a set of jobs which main tasks
and duties, organizationally and technologically, are characterized by a high degree of similarity,
and are meant to be performed by one person, who owns a set of abilities, knowledge and
skills needed for the job™ [4].

Various different classifications of occupations, depending on their characteristics, exist.
Few decades ago, a classification made by Brown et al., divided occupations into 8 different
categories, according to the level of energy expenditures and occupational physical load - muscu-
lar work grades - sedentary, sedentary-to-light, light, light-to-moderate, moderate, moderate-to-
heavy, heavy and very heavy [5]. According to the actual classification of physical load at work,
workers are categorized into two groups: manual (blue collar) and non-manual (white collar)
workers. Because of the specific characteristics of some occupations and workplaces, where
manual and mental competences are required for the work tasks and duties (e.g. surgeon),
more precise classifications are needed [6].

According to ISCO-08, in relation to the skills, tasks, duties and workloads required,
occupations are classified into 4 different groups.

The first group consists of occupations that involve performance of simple, routine
manual or physical tasks, and require a certain level of physical force and endurance (e.g.
cleaners, gardeners, factory workers, warehouse clerks, etc.).

The second group includes workplaces where use of machinery, tools and electronic
equipment is needed; precise manual work; knowledge of simple arithmetical calculations and
good communication skills are vital (e.g. butchers, textile workers, professional drivers, hair-
dressers, police officers, etc.)

The third group involves occupations where performance of complex technical and
practical duties and knowledge of specific technical procedures in a specialized field are essential
(e.g. nurses, laboratory technicians, radiographers, legal secretaries, etc.).

The fourth group includes occupations in which the performance of the tasks and
duties requires certain mental abilities to resolve complex problems, decision making and
creativity (e.g. professors, musicians, doctors, engineers, etc.) [4].

Health effects of physical activity among the working population

In general, the health benefits from regular physical activity are:

- improved cardiorespiratory endurance,

- improved condition of the musculoskeletal system,

- reduced risk of hypertension, coronary heart disease, stroke, diabetes, different types
of malignant diseases (e.g. breast cancer, colon cancer) and depression,

- reduced risk of trips and falls that can lead to fractures of the hip or spine,

- maintenance of healthy body weight and daily energy requirements [7].

According to the current recommendations for weekly physical activity from the
World Health Organization (WHO), adult, active population, aged 18-64, should do at least 150
minutes of moderate-intensity or at least 75 minutes of vigorous-intensity aerobic physical
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activity or an equivalent combination of both. For additional health benefits, it is necessary to
increase moderate-intensity aerobic physical activity to more than 300 minutes, combined with
muscle-strengthening activities that involve all major muscle groups at least twice a week.
These recommendations can be applied to physical activity in any of the four domains [8].

On the other hand, in certain occupations, specific differences in daily occupational
and leisure time physical activity exist among the workers. High level of occupational
physical activity is not always associated with positive health effects, but on the other hand, it
is well documented workplaces with low level of physical activity - sedentary workplaces
cause negative health effects [9].

The results from many research studies show that workers with physically demanding
jobs have a higher risk of developing cardiovascular diseases than workers whose work does
not involve physical effort. It is believed that this is due to the level of workload that workers
are exposed to, as well as to the risk that increases with age [10]. Other studies have
demonstrated the opposed health effects of occupational and leisure time physical activity,
establishing the so-called physical activity health paradox [11].

The explanation behind the opposed health effects of occupational and leisure time phy-
sical activity arises from the differences in the physiological mechanisms they cause. Leisure
time physical activity involves activities which type, duration and intensity can be individually
determined. Usually, it consists of dynamic, aerobic activities that are short in duration and
with sufficient rest between activities. On the other hand, occupational physical activity mainly
incorporates static activities with long duration, limited time for recuperation, often monoto-
nous and can’t be fully controlled by the worker, straining the cardiovascular system [12, 13].

Finding a proper balance between occupational and leisure time physical activity is
essential in preventing bad lifestyle among the working population. For people with sedentary
work, leisure time physical activity is an efficient way of reducing negative health effects
caused by sitting for long periods. On the other hand, for those working physically demanding
jobs, although leisure time physical activity has positive health impact, it is very difficult to
achieve daily recommendations, because of the amount of energy expenditure during working
hours, causing lower motivation among the workers in leisure time activities [14].

Aim

The aim of this paper was to present different methods for physical activity evaluation,
and to determine the best methodological approach for the evaluation of the physical activity and
its domains among the working population. The obtained results will provide relevant recommen-
dations for improving the health and workability of workers from different occupations.

Methodology

This paper represents a literature review. A computerized search for peer-reviewed
original research and systematic literature reviews published in English after January 1, 2010
was used. PubMed and Web of Science databases were retrieved using the keywords: “physical
activity” AND “methods for evaluation” AND “objective methods” OR “‘subjective methods”.

Physical activity evaluation methods

Due to the high incidence of physical inactivity in the recent decades, there has been
an increase in the development and application of various lifestyle interventions that promote
physical activity in leisure time and encourage the working population to achieve public
health recommendations for daily physical activity [15-17]. These interventions take into
account individual, cultural, and environmental factors that influence health behavior and
allow participants to individualize their physical activity programs according to their personal
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lifestyle [15, 16]. The ability to adequately and effectively measure the impact of these inter-
ventions is crucial in the process of physical activity promotion [15, 18].

Physical activity and its domains are assessed by subjective and objective methods.

Subjective methods are based on the current recording of physical activity or recall of
physical activity over a period of time, while objective methods are performed using devices
carried by the participant that directly measure one or more biosignals, such as the accelera-
tion of the body, heart rate or some other indicators of physical activity or energy expenditure.

There is no method that is considered the gold standard for assessing physical activity
as it is a multifaceted and complex process, and the best results are obtained by combining
two or more methods. Objective methods are more accurate than subjective ones, but, on the
other hand, their application is usually limited to a smaller number of participants, as well as
a shorter period of time monitoring their physical activity.

When choosing the most appropriate method for physical activity assessment for
research purposes, it is necessary to take into account four basic elements: the quality of the
measured physical activity (e.g. type of activity, intensity, frequency, duration), objectivity of
the data, research participants burden (e.g. time and/or effort to perform the test), the cost-to-
time ratio required to perform the assessment and the specific limitations of each of the
methods. It is also necessary to take into account the characteristics of the study population
(gender, age, physical parameters, workplace, associated diseases, etc.) that may influence
the choice of method or methods for evaluating physical activity [19].

The choice of method or methods also depends on the type of epidemiological study
being conducted, the number of participants, the environment in which it is conducted, the
costs associated with the study and the behavior of the respondents during the study. Certain
methods, e.g. wearing activity monitors or the direct observation method can lead to the
phenomenon of “reactivity”, where the respondents begin to change their usual behavior and
habits in relation to physical activity. On the other hand, methods based on self-reporting
often lead to over-reporting of activities [20].

Subjective methods
There are two types of subjective methods that are used in the evaluation of physical
activity: physical activity questionnaires and physical activity logs/diaries.

1. Physical activity questionnaires

Physical activity questionnaires are used to determine the types and dimensions of daily
physical activity through interviewer-led or self-reported questionnaires. A number of ques-
tionnaires that vary in size exist, from short questionnaires that consist of few questions to
long, detailed questionnaires that evaluate physical activity over certain period of time [21, 22].

The questionnaires also differ in the dimensions and domains of physical activity they
evaluate (e.g. type, duration, frequency of activity), the method of assessment (e.g. duration
of activity, energy expenditure in calories), quality of data (e.g. whether they can determine
the difference between occupational and leisure time activity or between regular and new
activities) and the type of data collection (e.g. computer based, interview, hard copy, etc.).

The main advantages of the use of questionnaires for physical activity evaluation are:
the high cost-effectiveness of the method, due to the large number of participants that can be
involved, the simple way of collection of data, the possibility for determining different types
and intensity of activities (light, moderate and heavy/vigorous activity) for different time
frames, the ability to group participants according to their level of physical activity and to
follow the changes in daily activity over time, etc. On the other hand, the use of these ques-
tionnaires has certain limitations: the inability to differ certain dimensions of physical activity
and their intensity (e.g. difference between light and moderate activity), the possibility of,
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intentionally or unintentionally, falsely answering some questions, etc. Limitations can occur
if participants are unable to fully understand the language that is used in the questionnaires or
some other factors, like the complexity of the questions, the age of the participants, the hours
when the survey is conducted, etc. The questionnaires are more credible on a group than on
individual level and when they are structured in chronological order for a certain period of
time [18, 23].

Physical activity questionnaires are divided into three groups: global physical activity
questionnaires, short recall physical activity questionnaires and quantitative history questionnaires.

The global questionnaires provide quick evaluation of the level of physical activity of
the participants. Usually, these questionnaires are short (2-4 questions) and are used to deter-
mine whether respondents meet the recommended standards for daily physical activity, sorting
them into two groups - active and inactive. These types of questionnaires are self-administered.
The most commonly used global questionnaire is Exercise Vital Sign [24].

Short recall physical activity questionnaires are the most widely used type of ques-
tionnaires for physical activity evaluation in scientific research purposes as they enable fast
and simple assessment of physical activity in all its dimensions and domains. These ques-
tionnaires usually consist of 7-12 questions that can be self-administered or can be used as an
interview. They can determine the type of activity, its domain and the time spent in a par-
ticular type of activity during a month, week or day; they can also calculate scores for the
intensity. The most commonly used questionnaires in this group are the International Physical
Activity Questionnaire (IPAQ) and the Global Physical Activity Questionnaire (GPAQ) [23,
25]. These type of questionnaires have been applied in numerous surveys of the general
and/or working population. Thus, Bennie et al. in a survey published in 2015, used the IPAQ
questionnaire to assess sedentary behavior at leisure time and at work in administrative workers,
while Medina et al. in 2013, and Moreira-Silva et al., also in 2013, for the assessment of
physical activity in manual workers [26-28].

The GPAQ questionnaire, for example, was used to monitor physical activity in the
office. It was used to evaluate workers in the chemical industry in the study by Wilke et al.,
from 2015, and in the study of Hanna et al., to assess sedentary behavior, physical activity
and occurrence of back pain in Qatari university professors [29, 30]. In these studies, the
previously mentioned advantages and limitations from the application of this type of
questionnaires in the researches of the physical activity in different types of workers have
been registered.

Quantitative questionnaires, on the other hand, are detailed surveys that are conducted
over a long period of time (months or years), contain 20 to 60 questions, and are conducted in
the form of an interview. They are used in epidemiological studies that evaluate the different
types and intensity of physical activity from the past, that affect the morbidity and mortality
from certain diseases and the current health status of the respondents. An example of this type
of questionnaire is the Bone Loading History Questionnaire which assesses the impact of
physical activity in childhood on the spine and hips in adulthood [23, 31].

2. Physical activity logs/diaries

The diaries/logs are used to obtain a detailed record of the respondent's physical
activity. They can be used to assess the reliability and validity of the answers to physical
activity questionnaires, and are usually used as an additional element in performing objective
methods for assessing physical activity. The diaries are filled in by the respondents them-
selves, and contain data on the type of activity, the duration of the activity (the hour when it
started and ended) and its intensity [31].
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Objective methods

Objective methods for assessing physical activity are classified into: methods for
measuring energy expenditure, physiological measurements, use of motion sensors and combined
methods. As previously stated, the biggest limitation for the application of objective methods,
for assessing physical activity for scientific research purposes, is the inability to include a
large number of respondents given the unfavorable cost-benefit ratio due to the relatively
complicated protocol for their performance, the need for adequately trained professional and
technical staff, duration of the method, etc. The most commonly used objective method for
assessing physical activity in the working population is the use of motion sensors [31].

1. Methods for measuring energy expenditure
This group of objective methods for assessing physical activity includes: indirect ca-
lorimetry, the doubly-labeled water method, and direct observation.

Indirect calorimetry

The assessment of energy consumption expenditure with indirect calorimetry is per-
formed by measuring the ventilatory volume and determining the level of oxygen consump-
tion in controlled conditions.

Doubly-labeled water method

This method determines the total energy expenditure in a period of one to three
weeks, and if combined with the data from the measured energy expenditure at rest and the
thermic effect of food, the doubly-labeled water method can calculate energy expenditure
during physical activity.

The method is based on determining the difference in the elimination rate of two
stable isotopes, oxygen (180) and deuterium (2H). Known concentrations of these isotopes
enter the body through water. Isotopes are distributed in body fluids, with deuterium
eliminated from the body as water and oxygen isotopes in the form of water and carbon
dioxide. The difference in the rate of elimination of these isotopes is represented by the
production of carbon dioxide during the measurement through which the energy expenditure
is then estimated [23,31].

Direct observation

During direct observation, an independent observer monitors and records the physical
activity of a respondent. It is commonly used to assess physical activity in a confined space (e.g.
for workers in a factory plant). The method provides data on the activity (type of activity,
personal variations in performing the activity, etc.), as well as the time of day they perform a
particular activity, favorite location, with whom the activity is performed, etc. [19, 23, 31].

2. Physiological measurements

Heart rate monitoring

Examination of physical activity with this method is performed by wearing a device
that is placed around the wrist, and measures the heart rate by receiving signals from electrodes
that are positioned on the chest of the test subject for a period of several days.

The measurement of heart rate in the assessment of physical activity is based on the
physiological mechanism of changes in heart rate during any movement of the body, including
physical activity, because the heart rate increases linearly and in proportion to the intensity of
activity. The disadvantage of this method arises from the fact that the cardiac response to physical
activity does not coincide instantly with energy expenditure, especially at the beginning and
end of the activity, where the device either does not register the activity at all or overestimates the
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time spent in activities with higher intensity. The accuracy of the method is improved in such
a way that, in addition to monitoring the heart rate, the oxygen consumption is also measured,
which can determine the energy expenditure during a given activity [23, 32].

3. Motion sensors

Motion sensors are wearable devices that measure the movements of the human body,
which can assess the energy expenditure during a particular physical activity. The most commonly
used sensors in the assessment of physical activity are accelerometers and pedometers.

Accelerometers

Accelerometers are portable devices that can determine the frequency, duration and
intensity of physical activity at certain time intervals by measuring the acceleration of the
body during various movements.

Acceleration can be measured in one (usually vertical), two (vertical and medio-lateral or
vertical and antero-posterior) or three planes (vertical, medio-lateral and antero-posterior).
The device can be placed on the body on one or more locations (e.g. hip, upper or lower back,
upper arm, etc.) on which the quality and accuracy of the obtained data will depend. Techno-
logical advances in recent decades have made accelerometers easy to carry due to their small
size and the ability to record and store large amounts of data over a period of weeks.

The basic data obtained from the accelerometer are the acceleration and deceleration
records of the body. These records are called raw accelerometer data and are recorded in gra-
vitational acceleration units (g), and are expressed as acceleration in meters per square
second. Then, through sophisticated algorithmic software programs, this data are converted
into measurable units through which the characteristics of physical activity are assessed.
These can be presented in units that measure energy expenditure (e.g. kilocalories or MET),
intensity of an activity (e.g. llight, moderate, high) or type of activity (e.g. standing, sitting)
per units of time (minutes, hours etc.) [23, 32].

The application of accelerometers for scientific research purposes to assess the phy-
sical activity of the working population has become widespread in the last two decades. Thus,
accelerometry as an objective method for assessing physical activity has been applied in the
research of Skotte et al., from 2014, in which the various domains of physical activity in
office workers were evaluated, in the research of Gupta et al., from 2016, which assessed the
effect of physical activity from different domains on the occurrence of obesity in a group of
Danish manual workers, and in a study by Stemland et al., from 2015, in which physical
activity from different domains was evaluated in aircraft cabin crew [33-35].

The advantages of accelerometers are: the ability to continuously monitor the activity
(from minute to minute), the accuracy in monitoring static and dynamic activities and the
large memory capacity. Accelerometry, on the other hand, is an expensive method, especially
if it analyzes a large group of subjects; it requires adequately trained professional and technical
staff, as well as specialized hardware and software equipment. Additionally, there is no
standard protocol for analyzing accelerometer data for research purposes. The use of these
methods may also lead to reactive bias, i.e. the participant's behavior may change as a result
of participating in the experiment [19].

Pedometers

Pedometers are devices that are used to assess physical activity through a sensor that
counts the number of steps while walking. The number of steps is measured by analyzing the
movements of the subject's hip which, when moving, accelerates in a vertical plane with a
force greater than a certain selected threshold. Their simplicity, relatively low cost, and ability to
recognize short periods of physical activity, that are often missed by questionnaires, make
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these devices suitable for use in assessing physical activity. Pedometers most accurately
measure running and moderately brisk walking because these activities mostly involve
moving forward in a vertical plane. The disadvantage of pedometers is the inability to register
physical activity in a horizontal plane that occurs during periods of inactivity, leisure time or
activities that only involve movement of the upper body.

There are a number of commercially available pedometer models, from simple ones
that determine the number of steps and distance traveled to newer models with a built-in
clock and the ability to determine time spent in activities of varying intensity. Depending on
the manufacturer, pedometers differ in their vertical acceleration threshold, which leads to
their distinct sensitivity and mechanism in obtaining results. Pedometers do not record the
intensity of physical activity; they are not very accurate in tracking its frequency and duration
and have a lower memory capacity than accelerometers. Due to these disadvantages, the
results of the assessment of physical activity with this method are considered less relevant to
the results obtained from accelerometers [19, 23, 32].

Pedometry has been used in many studies of physical activity in the working popu-
lation in the last decade. Thus, in the research of Miller et al., pedometers were used as an
objective method for assessing physical activity in different groups of workers in Australia;
in Al-Mohannadi et al. research to assess Qatari health professionals and in Matthew et al.
study, software engineers in India [36-38].

Conclusion

Several methods for assessing physical activity exist, but none of them is considered
the gold standard. On the other hand, the physical activity of workers has a great impact on
their health condition and work ability. Its assessment helps create recommendations for
interventions for improvement of their health status. The most relevant results in assessing
physical activity of the working population are expected to be obtained from a combination
of subjective and objective methods, usually short recall physical activity questionnaires and
the use of motion sensors, and their choice depends on the type, objectives and the duration
of the research, as well as the characteristics of the participants involved.

Conflict of interest statement. None declared.
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