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Abstract: This article is about the metabolic health risks involved with prolonged sitting also known as sedentary lifestyle. Our
bodies are designed to move, and research has shown that sedentary lifestyles increase health risks. In addition to type 2
diabetes, cancers, and cardiovascular diseases, sedentary lifestyles can lead to premature mortality. Often times a sedentary
activity such as prolonged sitting is overlooked, when in fact, sitting for long periods of time has a negative effect on health. The
goal of this presentation is to research and spread awareness about the health risks involved with prolonged sitting. In order to
spread awareness, we have explored most of the common health risk associated with prolong sitting and as well made some
crucial recommendations that are needed to elicit the right attitude to prolong sitting among individuals. This topic address
sedentary lifestyles as a problem and display what a sedentary lifestyle looks like. It went further to discuss the problem of
prolonged sitting and potential solutions. Although there are resources that already exist on the topic of sedentary lifestyles. We
have created resources specific to the individuals in order to be more effective in spreading awareness to them. This is a
widespread problem with serious consequences, yet simple fixes. This is an attempt to spread awareness to a population that
includes individuals at a critical point in life who may not be informed about this issue.

Methodology: Two electronic data-bases (Green Science Hub, and Free full PDF) were searched for empirical and non-
empirical studies that measured/ talked about at least one key outcome focusing on sedentary lifestyle. The non-empirical study
was lifted from page 1 to 10 of each of the data-bases search results, producing a total of 67 review articles.Search terms
included: Sedentary lifestyle, metabolic disorder, prolong sitting, and white collar workers.The searched terms were further
limited to TITLE/ABSTRACT/KEYWORDS. The search was also limited to “non-empirical studies” and “empirical studies”, in
“Health”, Published in “the last ten (10) years” (January, 2013 to July, 2023), and published in ‘English’.

Study Selection: Inclusion Criteria

The inclusion criteria for this systematic review were full-length research articles contained in peer-reviewed academic journals
in English language. Only empirical and non-empirical studies published January, 2013 up to May, 2023 were qualified. Also
research included only the population of white-collar workers. Research that presented one metabolic outcome was selected.
Study Selection: Exclusion Criteria

Contents from materials such as Abstracts, Conference presentations, Presentations on posters, Letters to editors, books or book
chapters, proposals for dissertations/Thesis, validation studies, proposal protocols and retrospective design were excluded.A total
of 67 research related articles were searched in the electronic data-bases, 37 from Green Science Hub and 30 articles fromFree
full PDF, of which 15 were excluded on the basis that they were not full articles, leaving a total of 52 articles. 25 articles were
further screened out on the basis report included bed-ridden population in addition to sedentary lifestyle. 7 articles were further
screened out as they were conference papers. Therefore, 12 studies from Green Science Hub and 8 studies from Freefull PDF
were reviewed in total.

Keywords included: Sedentary, lifestyle, metabolic, disorder, prolong, sitting, white-collar, workers

L. INTRODUCTION

Our bodies are made to move and that is why physical activity is important. It is unrealistic to eliminate physical inactivity
completely, but inactivity becomes a concern when it turns into sedentary behaviour. Prolong sitting includes sitting for long time
during commuting, while working, in the home, and as a part of leisure time (Owen, Healy, Matthews, & Dunstan, 2010). In
physiological terms, sedentary behaviour is defined to be any behaviour during waking hours that requires an energy expenditure of
less than 1.5 METSs, which are multiples of the basal metabolic rate (Ainsworth, Haskell, Whitt, Irwin, Swartz &Strathet al, 2000).
To put this into perspective, brisk walking expends energy worth 3-4 METs and running expends energy worth 8-9 METs
(Ainsworth et al., 2000).
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Therefore, activities such as watching television or working at a desk can be determined to be sedentary behaviour due to the low
energy expenditure involved in those activities. Prolonged sitting is the main source of sedentary behavior that people encounter and
fortunately it is a behaviour that can be modified.

The findings of some studies indicated that for each two-hour increment in sitting time, the risk of obesity and diabetes increases by
5% and 7%, respectively. In contrast, prolonged sitting behavior raises the risk of musculoskeletal disorders, especially low back
pain. Additionally, the findings of Gianoudis (2008) revealed that a greater overall sitting time is associated with an increased risk
of sarcopenia, which climbs by 33% for each one-hour increment of sitting.

Other studies have shown that sedentary occupations are associated with a higher risk of developing some types of cancers, such as
colorectal, ovarian, prostate, and endometrial cancer (Engeroff, Fuzeiki, Vogt &Banzer, 2017). Another outcome of a sedentary
lifestyle is premature death.

The World Health Organization (WHO, 2013) estimates that 3.2 million people worldwide die prematurely each year due to a
sedentary lifestyle. Studies have shown that people who spend almost all of their working time in a sitting position have a 1.4-times
greater chance of premature death after 12 years than their counterparts who sit for less time at work.

A. Understanding Prolong Sitting

Prolong sitting in this presentation has been explained in terms of sedentary behaviour. Sedentary behaviour has been defined as
“any behavour r characterized by an energy expenditure of <1.5 METs while in a sitting or reclining posture’” (Cart, 2012). The
results of Church et al.’s (2011) study revealed that the average energy expenditure of individuals while at work declined from
1960-2010. This shift in occupational energy expenditure has been associated with a decrease of 100 calories per day, which in turn
account for as much as 80% of the average increase in body weight among the working population during this same period.

B. Population Mostly Exposed to Prolong Sitting

Modern workplaces have shifted the nature of occupations from active to sedentary and promote lengthy sitting behavour. One
cause of this change is the transition from paper-based work to computerized and paperless work (Church, Thomas, Tudor-Locke,
Katzmarzyk, Earnest,Rodarte, Martin, Blair & Bouchard, 2011).

Office workers are part of a large group of occupations that generally work in a sitting position for much of the day (Office for
National Statistics of UK, 2012).

These people remain in a sitting posture for about two-thirds of their working hours, and their bouts of sitting periods typically last
at least 30 minutes (Evan, 2012). An Australian study revealed that 42% of men and 47% of women spend an average of 6.3 of their
8-hour shifts in sedentary and sitting jobs (Chau, 2012)

C. Why is Prolonged Sitting so Common?

Simply put, prolonged sitting is ubiquitous. Since the middle of the last century, physical, economic and social environments have
been quickly changing (Owen, Sugiyama, Eakin, Gardiner, Tremblay, Sallis, 2010).

These changes in society have led to lifestyles that involve significant reductions in the demands for physical activity and therefore,
energy expenditure (Thorp, Owen, Neuhaus & Dunstan, 2011).

In homes, workplaces, schools, modes of transportation, and recreational venues, there are always opportunities and in many cases,
requirements to sit (Dunstan, Howard, Healy, & Owen, 2012).

Furthermore, jobs have evolved to involve more and more sitting time. In 1970, two in ten working Americans had jobs that
required only light activity (predominantly desk job), where as in 2000, more than four in ten working Americans were in light
activity jobs (Owen, Sparling, Healy, Dunstan, & Matthews, 2010). Developments such as televisions, computers, cell phones, and
video games have also created unlimited opportunities for people of all ages to sit for long periods of time. Over the past 20 years,
total screen time has increased dramatically, as computers, phones, and televisions have become a part of everyday life for people of
all ages (Owen, et a., 2010).

Prolonged sitting involves a unique set of behaviours and unique consequences that are independent of those involved in the absence
of moderate to vigorous physical activity (Owen, et al, 2010). Therefore, awareness of sitting time, awareness of the health risks
involved with prolonged sitting, and the lack of understanding on the differences between too much sitting and too little exercise act
as significant contributions to the problem.
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D. Effect of Prolong Sitting on Health

According to the US National Health and Nutrition Examination Survey (2003-2004, 2005-2006), the majority of adults surveyed
spent waking time in sedentary behaviour (58%) or light-intensity activity (39%) and only 3% in exercise time. The popularity of
sedentary behavior is concerning because sedentary lifestyles are associated with an increased risk for more than 35 chronic
diseases/conditions and increased mortality rates (Thyfault, Du, Kraus, Levine, & Booth, 2015). The body is made to move, and
thus, not moving will pose negative effects throughout all the systems of the body. Data collected from many studies show that
inactivity and low levels of activity are associated with increased risk for cardiovascular diseases, obesity, type 2 diabetes, cancer,
and increased mortality risk (Engeroff, Fuzeki, Vogt, &Banzer, 2016).
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This diagram displays the different body systems that physical inactivity can have an effect on and the specific conditions or
diseases within each body system that are associated with physical inactivity (Booth, Roberts, Thyfault, Ruegsegger & Toedebusch,
2017)

E. Relationship between Sedentary Lifestyles and Sitting

The term sedentary was derived from the Latin term *“sedere” which means “to sit”

(Dabundo, Sidman, &Fiala, 2015). While sedentary behaviours can describe a variety of activities for different purposes and in
different contexts, time spent sitting is the overall representation of what sedentary behaviour primarily involves (Dabundoet al,
2015). In other words, sitting time is the main contributor to sedentary behaviours.

Attempting to make changes to one’s lifestyle can be intimidating. However, an easier way to look at it is to think about the amount
of time spent sitting each day. While sedentary behaviors are “different activities, for different purposes in different contexts”,
sitting time is a “generic descriptor covering what these sedentary behaviours primarily involve” (Owen et al, 2010). The many
periods of sitting that we engage in each day is what actually makes up our sedentary lifestyles and it seems a little less intimidating
to think about adjusting the time we spend sitting as opposed to our lifestyles.
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F. Effect of Prolonged Sitting on Metabolic Health

Prolonged sitting is associated with many health risks such as obesity, type 2 diabetes, vitamin deficiencies, hypercholesterolemia,
muscle/skin changes, cardiovascular conditions, and cancer (Boothet al, 2017). Obesity is a worldwide healthproblem that affects
over 100 million people (Inyang& Stella, 2015). Spending long periods of time sitting leads to the accumulation of excess calories
which is essentially weight gain, and eventually obesity if the individual’s caloric intake is greater than their calories expended
(Inyang& Stella, 2015). The total cost in America of the effects of obesity, including income lost from decreased productivity and
hospitalization, and premature mortality were approximately 147 billion dollars in 2008 (WHO, 2018). Some of the other
conditions associated with obesity include hypertension, diabetes, cancer, and osteoarthritis (Inyang& Stella, 2015).

Type 2 diabetes, also known as non-insulin dependent diabetes, is a result of the body’s inability to utilize insulin effectively
(Inyang& Stella, 2015). Prolonged sitting behaviors are strongly associated with increased eating, weight gain, and increased screen
time, all of which are major risk factors for type 2 diabetes (Brannon &Feist,2007). Research has shown that nine out of ten cases of
type 2 diabetes could have been prevented if risk factors of weight, diet, smoking, and inactivity were addressed (Inyang& Stella,
2015). However, research has also shown that the absence of exercise is not what lead individuals to diabetes, but rather, the amount
of time spent sitting that can increase the risk (Inyang& Stella, 2015). Research has shown that prolong sitting behaviour has a direct
effect on vascular health, metabolism, and bone mineral content, all of which contribute to chronic diseases (Tremblay, Colley,
Saunders, Healy, & Owen, 2010). While physical inactivity has long been viewed as a minor risk factor for chronic diseases, a
systematic review of 14 literature on the relationship between physical activity and prevention of coronary heart disease (CHD) has
shown that physical inactivity is in fact a strong independent risk factor for CHD (Powell, Thompson, Caspersen& Kendrick, 1987).
According to the American Heart Association (AHA, 1992), physical activity improved glucose tolerance, increased fibrinolysis
(breaking of clots), and reducing blood pressure; all of which play a role in metabolic health. Of equal importance, long periods of
sitting can cause a reduction in bone mineral density which can lead to negative health outcomes (Tremblay et al, 2010). While
environmental and genetic factors contribute to an individual’s risk for CHD, behavioral factors such as physical inactivity are
aspects of life that individuals have control over. The American Heart Association (1992) Researchers calculated risk of coronary
heart disease (CHD) due to inactivity to be a greater risk than those who have high cholesterol and those who smoke cigarettes
(AHA, 1992). However, it is similar to the risk ratio for hypertension (high blood pressure), which is related to metabolic health
risks. Sedentary individuals have about twice the chance of experiencing CHD than physically active individual (Powers &Howley,
2012).

CHD is associated with atherosclerosis, which is a gradual narrowing of arteries serving the heart due to thickening of the inner
lining of the artery by fatty plaque (Powers & Howley, 2012). Physical inactivity is one of the behavioural risk factors that interact
with other risk factors to cause atherosclerosis (Powers & Howley, 2012). Atherosclerosis is the leading contributor to heart attack
and stroke deaths (AHA, 1992). It is the narrowing of the artery that will result in reduction of blood flow to the heart therefore
leading to a heart attack (Powers & Howley, 2012). It has been thought that the danger of atherosclerosis is occlusion, however,
most heart attacks and strokes result from rupture of the plague which then block blood flow, a process referred to as
“inflammation” (Libby, Okamoto, Rocha, & Folco, 2010). Inflammation is linked to several chronic diseases such as hypertension,
coronary heart disease, stroke, cancers, respiratory conditions, type 2 diabetes and the metabolic syndrome (Mathur & Pedersen,
2008). Inflammation is described to be a significant increase in inflammatory cytokines (Powers & Howley, 2012). When there is
too much adipose tissue present in the body, there are more hormones and inflammatory cytokines released by the adipose tissue
(Gustafson, 2010).

Increased inflammatory cytokines circulate and interfere with insulin, which is described to be insulin resistance (Gustafson, 2010).
Insulin resistance is a reduced ability to take up glucose at a given insulin concentration and is linked to type 2 diabetes and
metabolic syndrome in addition to CHD (Powers & Howley, 2012). Furthermore, increased levels of physical activity are associated
with decreased levels of inflammation (Powers & Howley, 2012). As muscles are used in physical activity, they produce the same
types of inflammatory cytokines that lead to inflammation and it can be significantly increased as a result of physical activity
(Brandt & Pedersen, 2010). This physical activity induced reduction of inflammation however, involves a different process than that
which causes inflammation (Brandt & Pedersen, 2010). The cytokinase, IL-6 can act both as an inflammatory and anti-inflammatory
depending on the circumstances (Brandt & Pedersen, 2010). Therefore, as a result of physical activity, 1L-6 works to inhibit the
effect of some inflammatory cytokines and increases the concentration of anti-inflammatory cytokines (Powers & Howley, 2012).
Thus, physical activity helps to reduce inflammation that can lead to chronic diseases including coronary heart disease.
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Some aspects of vascular health relate directly to metabolic health and how it is affected by physical inactivity. It was mentioned
that hypertension has a strong risk ratio with inactivity, similar to the risk for CHD (Powers & Howley, 2012). Hypertension is
extremely common, affecting more than 68 million Americans (Gillespie, Kuklina, Briss, & Hong, 2011). It has been found that
hypertension tends to occur alongside of metabolic abnormalities - obesity, insulin resistance, and dyslipidemia (elevated
triglyceride levels) (Powers & Howley, 2012).

The coexistence of the conditions are referred to as metabolic syndrome or the deadly quartet if obesity is present (Powers &
Howley, 2012). Insulin is a hormone that aids with the uptake of glucose, in other words, the body’s ability to use glucose (Powers
& Howley, 2012). Because insulin resistance reduces the ability for the body to utilize glucose, blood glucose concentrations
increase when insulin resistance occurs. When there are increased blood glucose concentrations, the pancreas secretes more insulin
in the attempt to maintain homeostasis (Powers & Howley, 2012). However, if the pancreas cannot keep up with the increasing
demand for insulin, the blood glucose concentration remains higher than normal, which is the characteristic of type 2 diabetes
(Powers & Howley, 2012). Furthermore, individuals with insulin resistance tend to have greater free fatty acid (FFA) levels which
can lead to increased plasma triglycerides (Powers & Howley, 2012).

Elevated triglyceride/FFA levels are associated with low levels of lipoprotein lipase (LPL) because LPL is a rate limiting enzyme
that regulates the uptake of circulating free fatty acids into adipose tissue and skeletal muscle (Hamburg, 2007). Research has shown
that acute and chronic sedentary behaviour causes a reduction in LPL activity (Hamburg, 2007). There is a strong inverse
relationship between LPL activity and risk for coronary heart disease (Hamilton, Hamilton, &Zderic, 2004). Therefore, decreased
levels of LPL activity are linked to increased risk for cardiovascular disease, increased circulating triglyceride levels, and decreased
high-density lipoprotein cholesterol (HDL) cholesterol - all of which may contribute to risks that have been frequently observed to
occur during metabolic diseases such as obesity, type 2 diabetes, and coronary heart disease (Hamilton, 2004). It has been found that
even fragmentary reductions in LPL activity were associated with increased risk for mortality and coronary heart disease (Hamilton,
2004).

G. What are the Effects on the Skeletal System?

Similar to most body parts, the muscular and skeletal system are ever-changing and constantly adapting to the needs of the body. If
you don’t use it, you lose it. The body will not work and put energy towards a part of the body that does not need it. It is inevitable
for the body to slowly deteriorate over time, especially with age, however, inactivity, accelerates this deterioration. People who sit
more than five hours a day are at risk for losing 1% of muscle strength per day (Inyang& Stella, 2015). In addition to the reduction
in capacity and strength of the muscle, the communication between the muscle cells and the brain cells also decrease as they are not
used as much (Inyang & Stella, 2015). It is specifically the bone mineral density that is decreasing over time with inactivity.
(Caillot-Augusseau, 1998). Zerwekh and colleagues (1998) found that in healthy individuals 1-4% of bone mineral density was lost
from bone in lumbar spine, femoral neck, and greater trochanter after a period of inactivity. One theory as to why this loss of bone
mineral density occurs is that inactivity affects the processes and rates of bone breakdown and buildup, however, other studies
(Kim, 2003). (Zwart, 2007) have found that bone formation is for the most part unaffected by inactivity. Sedentary behaviour will
still lead to a greater rate of bone reabsorption than formation which is how bone mineral density is lost after prolonged inactivity.
However, even though inactivity has a slow deterioration effect on bone health, exercise did not have the ability to prevent reduction
in bone mineral density (Tremblay et al, 2010).

H. Sitting and Intermittent Breaks

Not only is it important to consider the amount of time spent sitting, but also how the prolonged time of sitting is accumulated. In
other words, does the sitting occur in one full bout with no interruption? Or are there breaks throughout the periods of sitting. The
single bouts of prolonged inactivity decrease insulin sensitivity in healthy humans and have been proven to affect lipid metabolism
as well

1. CONCLUSION
The health risks involved with prolonged sitting is an important issue to spread awareness about, especially as it continues to
become more prevalent in society. Excessive sitting significantly increases risk for chronic diseases, but these risks can also be
reduced by simply taking breaks throughout long durations of sitting. Sitting with intermittent breaks or sitting with incorporated
sitting is the best and most simple solution to the problem of too much sitting. Another important finding to keep in mind is that the
benefits of exercise do not counteract the detrimental effects of prolonged sitting.
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Furthermore, college students exhibit poor physical activity maintenance, therefore indicating the necessity of spreading awareness
throughout campus. There were a few students who took a flyer from the display and a handful of students who were intrigued by
the poster and discussing it. Methods of spreading awareness to college students were not completely ineffective, but could be
improved to have a greater impact. Potential changes for future projects may include a change in medium and/or change in display
sites.

1. RECOMMENDATIONS
1) Office workers and individuals on high risk of prolong sitting should adopt lifestyle changes that will permit intermediate
exercise even at work.
2) Manufacturing industries should help design office furniture and equipment that can improve ergonomics to help mitigate
prolong sitting operation.
3) More publications should be made to help create awareness on the health risks of prolong sitting
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