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Abstract 

     Objective 

The objective of this experimental study was to determine the effects of two physical 

exercise programs carried out during working hours in office work environment on 

health-related parameters of anthropometry, body composition, cardiorespiratory fitness, 

lipid profile, blood pressure, mental health, and quality of life in the employees. 

Method 

Forty-seven volunteers (45.00 ± 11.95 years old) participated in the study. Thirty-six 

participants were randomly assigned into two groups, a high intensity interval training 

group (HIIT, n=18) a brisk walking group (BW, n=18). A control group (CG, n=11) also 

participated in pre- and post-measurements. The exercise programs involved 

participating in three 30 minute training sessions weekly for 12 weeks in the middle of 

the work day. The pre- and post-measurements involved anthropometric and body 

composition parameters, cardiorespiratory fitness, lipid profile, blood pressure, mental 

health and health related quality of life measurements. Repeated measures ANOVA was 

performed to summarize changes in scores at baseline compared with post-test. The 

effect sizes of the differences were calculated as a Cohen´s d. 

Results 

The HIIT group showed small changes in WHR (ES=0.14); BF (%) (ES=0.13) and SMM 

(%) (ES=-0.15). Both the HIIT and the BW group showed large improvements in 

cardiorespiratory fitness (ES=-1.27) and (ES=-1.24) respectively. The BW group 

showed a large change in triglyceride levels (ES=2.24) with the HIIT group triglyceride 

levels also close to reaching significance. The BW group showed large changes in 

depressive symptoms (ES=0.59).  

Conclusions 

The HIIT group achieved improvements in WHR, BF (%), SMM (%) and 

cardiorespiratory fitness and the BW group in cardiorespiratory fitness, triglyceride 

levels and depressive symptoms. This suggests that 12 weeks with three 30 minute 

exercise sessions weekly at working hours can improve health parameters of office 

employees.  

 

Key words: Exercise, high intensity interval training, brisk walking, workplace, health
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Útdráttur 

Markmið 

Markmið rannsóknarinnar var að kanna áhrif tveggja líkamsþjálfunar-inngripa 

framkvæmd á vinnutíma, á heilsuástand og heilsutengda áhættuþætti 

skrifstofustarfsfólks.  

Aðferð 

Fjörutíu og sjö sjálfboðaliðar á aldrinum 23-66 ára, meðalaldur 45 ár, staðalfrávik 11,95 

ár tóku þátt í rannsókninni. Þrjátíu og sex þátttakendum var raðað handahófskennt í tvo 

hópa. Hópur eitt var háákefðar þjálfunarhópur (HIIT, fjöldi=18) og hópur tvö var 

kraftgönguhópur (BW, fjöldi=18).Viðmiðunarhópur (CG, fjöldi=11) tók einnig þátt í 

fyrir og eftir mælingum. Þjálfunarhóparnir tóku þátt í þremur hálftíma æfingum vikulega 

í kringum hádegið á vinnutíma í 12 vikur. Fyrir og eftir mælingar innihéldu mælingar á 

líkamsþáttum, loftháðu þoli, kólesteróli og þríglýseríðum, blóðþrýstingi, andlegri heilsu 

og heilsutengdum lífsgæðum. Dreifigreining með endurteknum mælingum (Repeated 

measures ANOVA) var framkvæmd til að meta áhrif þjálfunarinnar fyrir ofangreind 

heilsutengd atriði.  Áhrifastærð mismunar milli mælinga var reiknuð sem Cohen´s d. 

Niðurstöður 

Háákefðarhópurinn sýndi breytingar í hlutfalli mjaðma og kviðs (WHR), (ES=-0.14), 

fituprósentu (ES=0.13) og hlutfalli beinagrindar-vöðvamassa í líkamanum (ES=-0.15). 

Bæði háákefðar- og kraftgönguhópurinn sýndu mikla bætingu í loftháðu þoli (ES=-1.27) 

og (ES=-1.24). Gildi þríglýseríða breyttust til hins betra í kraftgönguhópnum (ES=2.24) 

og voru einnig nálægt því að ná marktækri bætingu í háákefðarhópnum. Bæting varð á 

þunglyndiseinkennum í kraftgönguhópnum (ES=0.59).  

Ályktanir 

Háákefðarhópurinn bætti sig marktækt í hlutfalli mjaðma og kviðs (WHR), fituprósentu, 

hlutfalli beinagrindar-vöðvamassa og loftháðu þoli. Í kraftgönguhópnum varð bæting á 

loftháðu þoli, þríglýseríð gildi urðu ákjósanlegri og þunglyndiseinkenni minnkuðu. 

Niðurstöður rannsóknarinnar gefa til kynna að 12 vikur af þremur vikulegum 30 mínútna 

æfingum á vinnutíma geti bætt heilsuástand og heilsutengda áhættuþætti hjá 

skrifstofustarfsfólki.     

 

Lykilorð: Líkamsrækt, háákefðarþjálfun, kraftganga, starfsumhverfi, heilsa 
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1. Theoretical Background 

1.1. Physical activity and exercise 

Physical activity (PA) can be explained as all movement of the body that results in energy 

expenditure and is produced by the skeletal muscles (Caspersen, Powell, & Christenson, 1985). 

PA is often related to work, conditioning, sport participation, and household tasks like washing 

dishes and gardening to name a few. PA is performed in some way by everyone and is essential 

to daily living. It is however often a subject of personal choice and life conditions that 

determines how much physical activity a person conducts. PA can also vary for each individual 

over the lifespan (Caspersen et al., 1985). It is most common to evaluate PA as the amount of 

PA an individual participates in over a period of one week. PA guidelines are for example 

calculated as a weekly total. The global recommendations on PA for health suggest at least 150 

minutes of moderate PA or at least 75 minutes of vigorous PA weekly for adults aged 18-64 

(World Health Organization, 2010). The guidelines can also be reached with an equivalent 

combination of moderate and vigorous activity.  The World Health organization (WHO) 

guidelines  suggest that increasing moderate activity to 300 minutes or vigorous activity to 150 

minutes weekly is desirable for additional health benefits (World Health Organization, 2010).    

          It is useful to categorize physical activity into categories to simplify and make it more 

measurable. PA is often split in categories of light, moderate and heavy/vigorous intensities 

(Caspersen et al., 1985; Ainsworth et al., 1993). Metabolic Equivalent of Task (MET) is 

frequently used to evaluate the energy expenditure of different physical activities. 1MET is the 

energy expenditure an individual uses while seated at rest (Ainsworth et al., 1993). 1MET is 

usually defined in oxygen uptake 3.5 ml/kg/min (Pate, O’Neill, & Lobelo, 2008). MET ranges 

from 0.9 METs (sleeping) to 18 METs which equal to running at 17.5 kilometers pace per hour  

(Ainsworth et al., 1993). Sedentary behaviors are considered  behaviors that are in levels from 



2 
 

1.0-1.5 METs  (Tremblay, Colley, Saunders, Healy, & Owen, 2010; Pate et al., 2008). 

Sedentary behaviors are therefore behaviors that require low levels of energy expenditure like 

sitting and lying down. Light intensity activities are those activities that require energy 

expenditure of 1.6 to 2.9 METs and involve activities such as cooking, washing dishes and slow 

walking (Pate et al., 2008). Moderate to vigorous PA are activities where energy expenditure 

are in the range between 3-8 METs and can be activities such as brisk walking, running and 

swimming for example. (Ainsworth et al., 1993; Owen, Healy, Matthews, & Dunstan, 2010). 

          Exercise is a subcategory of PA. Exercise requires PA and can be defined as planned, 

repetitive and structured form of movement that has the aim of maintaining or improving one´s 

physical fitness (PFT) levels (Caspersen et al., 1985). Work related tasks like household tasks 

and gardening work are often structured and planned, but the main difference is that exercise 

has the purpose of additionally improving or maintaining PFT levels. PA levels often change 

throughout the lifespan and have been reported to start decreasing in the teenage years (Trost 

et al., 2002; Telama et al., 2005). 

1.2. Sedentary behaviors 

Lack of PA can increase the risk of various health problems. Inactivity has in this regard been 

associated with increase in risk of conditions such as cardiovascular disease (CVD), different 

forms of cancers and type two diabetes (Booth, Roberts, & Laye, 2012). It is estimated that 9% 

of premature deaths in the world is directly linked to inactivity. Therefore inactivity is 

considered a similar risk factor as obesity and smoking which are the biggest risk factors in 

relation to effects on premature mortality  (Lee et al., 2012).  

Inactivity has been on the rise in recent years with less demands for PA in modern 

lifestyle. Modern way of life and environmental factors such as transportation, work sites, 

public spaces and schools are made with comfort in mind and have in some way minimized the 

demand for PA (Owen, Sparling, Healy, Dunstan, & Matthews, 2010). It has for example been 
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estimated that office-based workers typically spend around 70–85% of working hours seated 

(Edwardson et al., 2018). Although often confused as the same concept it is important to 

distinguish between sedentary behavior and simply not getting sufficient PA. Living a sedentary 

lifestyle with prolonged sitting time is related with potential added health consequences in 

comparison with simply not getting sufficient moderate to vigorous PA (Tremblay et al., 2010; 

Hamilton, Healy, Dunstan, Zderic, & Owen, 2008; Owen, Healy, Matthews, & Dunstan, 2010)  

          Tremblay and colleagues (2010) introduced the term “sedentary physiology” which they 

deemed a legitimate field of study since living a sedentary lifestyle can have potential health 

threatening consequences associated with it (Tremblay et al., 2010). There can be a significant 

difference in energy expenditure between sedentary behaviors and those behaviors that are 

considered as light intensity activities. Research in the health and PA field has however largely 

focused on the amount of time spent in activities requiring energy expenditure of at least three 

METs and only recently started to look independently at sedentary behaviors (Owen et al., 

2010). In this regard, the contribution of light intensity activities on daily energy expenditure 

has been largely neglected. It has been argued that it is not sufficient to only measure an 

individual´s PA levels as those hours per week an individual spends in moderate to vigorous 

activity, when evaluating whether a person lives an active lifestyle (Owen et al., 2010). The 

time an individual spends in sedentary behaviors should also be taken into consideration when 

evaluating individual activity levels. Exchanging two hours of light intensity behaviors daily 

with a metabolic equivalent of 2.5 METs average, with two hours of sedentary behaviors with 

average of 1,5 METs would reduce an individuals energy expenditure levels of an equivalent 

of a 30 minute brisk walk per day 0.5 hrs * 3.5 METs = 1.75 MET hours (Owen et al., 2010). 

Over time this would cause big increase in weight gain if food consumptions were the same as 

before the increase in sedentary behaviors.  
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            Research has demonstrated that in as short as two week restriction in PA an individual 

can start to show various elevatons in health related risk factors (Krogh-Madsen et al., 2010).  

A recent study was set up to restrict daily stride volume of men who previously averaged about 

10.000 strides per day. For two weeks the stride volume of the participants was restricted to 

approximately 1.300 strides daily. These restrictions resulted in decreases in VO2max, of 

approximately 7% as well as reduction in muscle mass and elevated blood pressure levels after 

the two week period (Krogh-Madsen et al., 2010). Studies have reported prospective 

relationship between sedentary lifestyle and premature mortality (Katzmarzyk, Church, Craig, 

& Bouchard, 2009; Dunstan et al., 2010; Warren et al., 2010; Owen et al., 2010). It is important 

to note that even though meeting recommendations on moderate to vigorous PA, metabolic 

health can still be compromised with prolonged sitting exposure (Katzmarzyk et al., 2009; 

Owen, Healy, et al., 2010; Healy et al., 2008). A follow up study reported that individuals who 

reported spending a major part of their days in sedentary behaviors had significantly worse 

mortality outcomes compared with those individuals who spent a smaller portion of their days 

sitting. The highest mortality rates was observed in those individuals who were obese and were 

sedentary in the majority of their daily activities  (Katzmarzyk et al., 2009).  

          Another study by Warren et al., (2010) examined the relationship between sedentary 

behavior and cardiovascular mortality. They reported based on a 21 year follow up that men 

who reported spending over 23 hours per week of television watching and in automobiles had 

64% increased risk of dying from CVD compared to those who spent less than 11 hours in those 

activities weekly (Warren et al., 2010). In this line, it was reported that there was a higher risk 

in mortality from both cancer and CVD related with progressively higher levels of sitting after 

adjusting for possible confounders (Katzmarzyk et al., 2009). Another factor worthy of 

mentioning is that it is not only the total sedentary time that matters when evaluating health risk 

in relation to sedentary behavior. A 2017 U.S study on middle aged and older adults reported 
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that interrupting sedentary time can reduce mortality risk compared with individuals who sit 

equal hours but don´t interrupt their sitting patterns as regularly  (Diaz et al., 2017). In the study 

the participant´s sedentary time accounted on average for 77% of waking hours which equaled 

approximately 12 hours per day on average. Those participants who had the longest average 

sitting time daily and had frequent sedentary bouts of 60-90 minutes had almost double the 

mortality risk in comparison to the participants with the shortest average daily sedentary time 

and the most frequent sedentary break ups. It is also interesting to note that those participants 

that had sedentary bouts of usually shorter than half an hour had the lowest mortality risk in the 

study. The results made the authors conclude that both total sedentary time and prolonged 

uninterrupted sitting are jointly harmful in relation to mortality risk. Therefore breaking up 

sedentary bouts at least every 30 minutes might prove protective for individual health and 

mortality risk (Diaz et al., 2017). 

1.3. Body composition and blood measurements 

1.3.1. Weight  

Body weight is frequently measured in health and exercise research settings to measure effects 

of programs. It can give a good overview of mean changes in group settings but other measures 

such as body fat percentage, waist hip ratio and total muscle mass, give a more precise 

information on the real nature of these changes.  

1.3.2. Body Mass index 

The Body Mass Index (BMI) is a widely used measurement in research settings. BMI takes into 

account the height and the weight of the individual. The Metric formula for BMI is: 

weight (kg) ÷ height2 (m2) (Keys & Brozek, 1953). When looking at the world´s population 

BMI has some implications that have to be taken into account.  One study for example found 

that Caucasians have a higher BMI than Asians even though the Caucasians were found to have 

a lower body fat percentage (BFP) (Wang et al., 1994). Research has shown that higher intensity 
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training has a greater effect on BMI reduction than training of lower intensities. BMI is a 

frequently used measure in research settings and is ideal in comparison with other studies. The 

results of the BMI measurements have to be interpreted with caution on an individual level 

because if an individual raises his muscle mass and loses equal fat, there will be no change in 

BMI although the individual has made progression. 

Table 1. Categories and range for Body Mass Index  

Category Range (kg) ÷ height2 (m2) 

Underweight  <18.5 

Normal weight 18.5–24.9 

Overweight 25–29.9  

Obesity ≥ 30 

 

1.3.3. Body fat  

The body fat percentage (BFP) is the total fat mass of the body, divided by the total body mass, 

multiplied by 100 to get the percentage of total body fat. Hormonal factors and childbearing 

make essential BFP higher for women than for men (Jeukendrup & Gleeson, 2017). Changes 

in body BFP is best targeted by both changes in exercise and dietary habits (Foster-Schubert et 

al., 2012). While exercising, individuals burn more calories than in normal daily activities, 

which makes it possible to lower the BFP by exercising without other changes in lifestyle 

(Donnelly et al., 2013). The BPF in some cases gives a more precise measurement of the 

progression for individuals than BMI especially if there is some muscle hypertrophy involved 

because of the stimuli from the exercise.  

Table 2. Normal ranges in body fat percentage for men and women at different age                              

(Jeukendrup & Gleeson, 2017) 

  Under 30 years 30-50 years Over 50 years 

Men 9-15% 11-17% 12-19% 

Women 14-21% 15-23% 16-25% 
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1.3.4. Body muscle 

There are three types of muscles in the body. Smooth muscles are involuntary muscles that are 

not under the individual´s conscious control. The second type of muscle is the cardiac muscle 

and composes the majority of the structure in the heart. The cardiac muscle shares some 

characteristics of the smooth muscles in the sense it is not under conscious control but it also 

shares some characteristics with the third type of muscles which is the skeletal muscles in a 

sense that it contracts in a similar manner. The skeletal muscles are attached to the skeleton. 

Together the skeletal muscles and the skeleton make up the skeletal system (Kenney, Wilmore, 

& Costill, 2011). Skeletal muscles support the body and make it possible to generate force. On 

average, approximately 50% of the body´s weight is composed of skeletal muscles. An 

individual´s amount of skeletal muscle mass has a big effect on the basal metabolic rate (BMR). 

Smaller muscle mass means lower BMR, while larger muscles mass are associated with higher 

BMR. Maintaining, or in some cases, increasing muscle mass is important in preventing fat 

gains. Maintaining muscle mass can also be important in preventing type two diabetes since 

skeletal muscle is the primary glucose disposal site in the postprandial state (Bouchard, Haskell, 

& Blair, 2012). Aerobic exercise is usually associated with more energy expenditure during 

exercise compared with resistance training. Resistance training can however be very important 

in weight control because of increases in BMR especially in overweight, obese and elderly 

people who are not able to expend much energy in aerobic activities because of low fitness 

levels (Bouchard et al., 2012). 

1.3.5. Waist-hip ratio 

The waist-hip ratio (WHR) is the ratio of circumference of the waist divided by the 

circumference of the hips. The World Health Organization provides a method for measuring 

WHR that is standardized for comparing data in people of the WHO member countries of the 

world (World Health Organization, 2008). The WHR is used as an indicator for risk of 
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developing lifestyle diseases. There are different values that are optional for men and women. 

Research has shown that individuals who are shaped in a way where more weight is around the 

belly and the center (apple shaped) are in more danger of developing lifestyle disease compared 

with individuals that are shaped with a bigger proportion of their weight around the hips (pear 

shaped) (Zhang, Rexrode, Dam, Li, & Hu, 2008).  According to the World Health Organization, 

abdominal obesity is when the WHR of women is above 0.85 and men above 0.90. With 

increased age the WHR has been found to be a more precise mortality predictor and a predictor 

for CVD than BMI (Sahakyan et al., 2015; Price, Uauy, Breeze, Bulpitt, & Fletcher, 2006). The 

most effective ways of improving the WHR when a person has distributed excess weight around 

the waist is to exercise and consume less calories. 

1.3.6    Cholesterol and triglycerides 

Cholesterol is a lipoprotein which is used by the body to build cells and is carried through the 

bloodstream. The liver makes all the cholesterol the body needs. Cholesterol also gets to the 

body with the intake of food such as meat, dairy products and some oils. Foods that are high in 

cholesterol, saturated fats and trans fats can affect the liver to make more cholesterol than the 

body really needs (American Heart Association, 2018a). In some chases this leads to an 

increased cholesterol level for individuals which can be unhealthy. The amount of cholesterol 

in the body is possible to measure with a blood test. Too much cholesterol along with other 

substances can make a clot in the arteries and narrow the arteries which increases the likelihood 

of a stroke and/or a heart attack. Therefore high cholesterol level is one of the major risk factors 

for CVD which is the leading cause of death in the world (American Heart Association, 2018a). 

The standard management in treatment for abnormal lipid levels is through dietary changes and 

pharmaceutical drugs (Fletcher et al., 2005). 

          Low-density lipoproteins (LDL cholesterol) is frequently called the bad cholesterol 

because too much of it plays a factor in fatty buildups in the arteries, which leaves plaque in the 



9 
 

arteries, which then raises the risk of stroke and heart disease (American Heart Association, 

2018c).  

          High-density lipoprotein (HDL cholesterol) has been called the good cholesterol. Higher 

levels of HDL cholesterol to a certain degree are more desirable because HDL cholesterol 

carries LDL cholesterol from the arteries and back to the liver where it is broken down 

(American Heart Association, 2018c). Therefore, a healthy HDL level can protect against the 

same disease, stroke and heart attack that too much LDL can contribute to. Research studies 

have shown that the risk of heart disease is increased with low levels of HDL in the body 

(Bruckert, 2006; Ali, Wonnerth, Huber, & Wojta, 2012). 

          Triglycerides are fats in the blood which are used to give energy to the body system. All 

extra triglycerides that are not used by the body are stored for later use if needed. Triglycerides 

are not the same as cholesterol, they are different types of lipids and are the most common fat 

in the body (American Heart Association, 2018c). High levels of triglycerides have been linked 

to increased chance of cardiovascular problems (Miller et al., 2011; Austin, Hokanson, & 

Edwards, 1998). The triglyceride levels are also linked to cholesterol when it comes to increased 

risk of heart disease. If HDL levels are low and LDL and triglyceride levels are high, the risk 

of getting heart disease become much higher because this interrelationship has been linked with 

buildups of fat in the walls of arteries (American Heart Association, 2018c).  

          Total cholesterol is a combination of an individual´s HDL level, LDL level and 20 

percent of the individual´s triglyceride level. Total cholesterol levels are often looked at in 

context with risk factors for cardiovascular disease when considering treatment (American 

Heart Association, 2018f).  

         Studies have shown that exercise can improve cholesterol and triglyceride levels (Trejo-

Gutierrez & Fletcher, 2007; Fletcher et al., 2005; Mann, Beedie, & Jimenez, 2014; Thompson 

et al., 1997; Aadahl, Kjaer, & Jørgensen, 2007;  Kraus et al., 2002). One part of the reason why 
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exercise can help with these levels is that exercise can help an individual to lose fat. People 

who are overweight tend to have higher cholesterol levels than those who are a normal weight, 

because being overweight can increase the cholesterol levels and exercise can help people lose 

weight (American Heart Association, 2018b). No changes are to be expected in total and LDL 

cholesterol from exercise alone (Fletcher et al., 2005; Trejo-Gutierrez & Fletcher, 2007; 

Thompson et al., 1997; Aadahl et al., 2007).  For LDL and total cholesterol levels to improve 

substantial lowering of body fat (%), weight loss or changes in diet have to occur (Fletcher et 

al., 2005; Trejo-Gutierrez & Fletcher, 2007). Triglyceride and HDL levels can on the other hand 

change through exercise induced effects alone (Trejo-Gutierrez & Fletcher, 2007; Fletcher et 

al., 2005). According to a 2002 prospective randomized study it appears that volume of exercise 

but not the intensity is what matters when looking at benefits of exercise on TG and cholesterol 

levels in sedentary individuals (Kraus et al., 2002). The study found that high amount of 

exercise weekly had a greater effect on cholesterol levels than lower exercise amounts. 

However, the lower amount exercise groups had greater response than the control group (CG) 

so it seems that exercise at various levels can have effect (Kraus et al., 2002). The main results 

of the study was that the volume of exercise and not intensity or improvements in fitness levels 

was the biggest factor in improvements in lipid levels. Higher volume was the biggest factor in 

improvements, the higher the level of exercise the more the lipid levels were affected. (Kraus 

et al., 2002). 

Table 3. Desirable levels for cholesterol and triglyceride in the body (Mayo Clinic, 2019) 

 Lipids Levels (mmol/L) 

Total Cholesterol < 5.2 

HDL Cholesterol > 1.5  

LDL Cholesterol < 3.4  

Triglyceride < 1.7  
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1.3.7. Blood pressure 

When the blood pressure (BP) is measured there are both upper and lower numbers. The upper 

number is the systolic BP which has to do with how much pressure the blood exerts against the 

artery walls when the heart beats. The lower limit is the diastolic BP which has to do with how 

much pressure the blood exerts against the artery walls when the heart rests in between beats 

(American Heart Association, 2018e). Elevated blood pressure causes harm by putting extra 

workload on the blood vessels and the heart. With time, elevated BP can damage the tissues 

within the arteries which can cause LDL cholesterol to form plaque, which makes the space 

inside the arteries narrower. This can lead to a dangerous cycle and harm in the forms of 

different types of CVD´s, like stroke and heart attack (American Heart Association, 2018e). 

People can also suffer from low BP which is a much less frequent condition than hypertension 

(American Heart Association, 2018d). There are different factors that cause elevated BP, some 

of which may be targeted by physical activity. Being overweight can cause high BP along with 

physical inactivity (Chobanian et al., 2003). Another important factor is that stress can lead to 

high BP. Studies have shown that regular exercise can have lowering effect on stress levels 

which in turn can lead to lowered BP (Salmon, 2001). Regular exercise has been shown to 

contribute to lowering of BP levels in a wide group of individuals, both with and without 

elevated BP levels (Whelton, Chin, Xin, & He, 2002; Hamer, Taylor, & Steptoe, 2006; 

Cornelissen & Smart, 2013; Wen & Wang, 2017; Diaz & Shimbo, 2013).  

Table 4. The general categories for blood pressure (American Heart Association, 2018e). 

Range Systolic (mmHg) Diastolic (mmHg) 

Normal < 120  < 80 

Elevated 120-129  < 80  

Stage 1 hypertension 130-139  80-89  

Stage 2 hypertension ≥140  ≥ 90  
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1.4. Physical fitness 

Physical fitness (PF) is to a certain degree linked with both PA and exercise. Individual PF is a 

combination of genetic factors and environmental factors (Frederiksen & Christensen, 2003). 

Everybody has a certain level of PF but it is a set of attributes that can also be achieved and 

improved to a certain level with PA and exercise. There is a positive relationship between 

individual movement patterns and PF (Caspersen et al., 1985; Taylor, 2014; Professional 

associations for PA, Sweden, 2010). PF can be health related fitness but also skill related in the 

sense that it improves athletic capacity (Caspersen et al., 1985). Health related components of 

PF are morphological, muscular, cardiorespiratory and metabolic components (Bouchard et al., 

2012). Figure 1 shows the health related PF components and PF´s complex relationship to 

genetics, PA, health and other factors. 

 

Figure 1. A model on the relationship between health-related PF, health status and PA along with contributions 

of other lifestyle behaviors and genetic factors (Bouchard et al., 2012) 

PF is considered one of the most important predictors of health. With increased age in adults 

an age related physiological decline occurs with time. This decline can affect both individual 

organs and organ systems which can affect PF levels. Both musculoskeletal and 

cardiorespiratory fitness are affected by this age related decline (Bouchard et al., 2012). In 

research PF has been shown to be an important predictor for life expectancy in healthy 

populations   (Metter, Talbot, Schrager & Conwit, 2002; Blair et al., 1989;  
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 Myers et al., 2002). The protective factors of PF for life expectancy are for example decreased 

chance of CVD and some forms of cancers (Blair et al., 1989). Increased PA levels in inactive 

individuals can lead to better function of various systems, increased quality of life and less 

likelihood of premature deaths (Franco et al., 2005; Chodzko-Zajko et al., 2009; Professional 

Associations for Physical Activity, Sweden, 2010).  

          The body responds to different stresses in different ways and adapts to the demands and 

intensities trained at (Kenney, Wilmore and Costill, 2012; Brewer, 2008). In order for the fitness 

benefits of exercise to be optimal, it is important to train in accordance with the physical 

functions that are sought to be improved.  

1.4.1. Cardiorespiratory fitness 

Cardiorespiratory fitness is determined by both genetic characteristics and behavioral 

characteristics. Heritability factors of cardiorespiratory fitness are believed to contribute to 

almost half of the variance in sedentary adults when adjusted for body mass (Bouchard et al., 

2012). Gender, age and ethnicity account for about 25%. Health related components of 

cardiorespiratory fitness are maximal aerobic power, submaximal exercise capacity, lung 

functions, heart functions and BP (Bouchard et al., 2012). Aerobic capacity and 

cardiorespiratory fitness is often measured as an individual´s maximum oxygen uptake (VO2 

Max). VO2max is the highest rate at which the body can absorb oxygen and the muscles use 

when performing high-intensity activities (Mujika, 2014). In part, the VO2max can be 

attributed to training but genetic factors are a large predictor. The capacity at which individuals 

can increase their VO2max with training varies from 0-50%. Approximately 70-85% of the 

VO2max limits are determined by individual’s maximal cardiac output. Increased muscle 

capacity to extract oxygen is also a factor but to a much lesser degree. Sedentary individuals 

have a considerably lower maximal cardiac output (25 L/min) compared with high level 

endurance athletes (40 L/min) (Mujika, 2014). VO2max decreases approximately 0.5%–1% 
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yearly in adults because of decreases in oxygen extraction and lower maximal heart rate. Adult 

men have on average 15-30% higher VO2max than same aged women (Bouchard et al., 2012).  

Cardiorespiratory fitness (CRF) has been shown to be very beneficial to health. Possessing or 

achieving high CRF has also been found to protect against diseases such as some types of  

cancer (Vainshelboim et al., 2017), heart disease (Shah et al., 2016), diabetes (Juraschek et al., 

2015), hypertension (Juraschek et al., 2014), stroke (Hussain et al., 2018) and also long term 

mortality (Mandsager et al., 2018; Myers et al., 2002). CRF has been found to be inversely 

related with all-cause mortality with no upper limits observed in CRF in relation to health 

benefits. Low CRF has been shown to be a comparable or even a greater risk factor than 

established risk factors such as coronary artery disease, smoking and diabetes in terms of long-

term mortality (Mandsager et al., 2018; Myers et al., 2002). In their study, Myers et al., (2002) 

found that aerobic exercise capacity was a stronger predictor of mortality than established major 

risk factors for cardiovascular disease. Absolute exercise capacity was measured with METs 

using a treadmill for testing. The peak exercise capacity was the strongest predictor of death 

risk, both in healthy subjects and subjects with history of CVD. There was a 12% improvement 

in predicted survival with each 1MET improvement in exercise capacity (Myers et al., 2002). 

1.5. Physical activity, exercise, mental health and quality of life 

1.5.1. Mental health 

Mental health issues continue to be a big factor in the global health care. It is estimated that 

approximately 300 million people are struggling with depression worldwide. Furthermore, 

depression is a large contributor to worldwide global disease burden and depression is the 

number one cause of disability in the world (World Health Organization, 2018). Another factor 

is that population-based surveys estimate that 33.7% of the world population is at some point 

in their life affected by an anxiety disorder (Bandelow & Michaelis, 2015). Depression and 

anxiety disorders are the most common mental disorders worldwide (World Health 
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Organization, 2017). The aging of the world population should also be given attention to in 

relation to mental health and in context to age related cognitive degeneration and its effect on 

health care (World Health Organization, 2011). 

          Stress is a part of daily life. Regular exercise can provide emotional resilience to acute 

stress in daily life in healthy individuals (Childs & de Wit, 2014). Physical exercise can promote 

changes in the brain caused by increased metabolism, increased blood flow to the brain and 

oxygenation (Portugal et al., 2013). Acute and chronic exercise influence mental states in 

different ways. Acute exercise seems to activate specific cortical areas through the release of 

neurotransmitters and neurotropic factors. Exercise stimulates hormonal releases such as 

norepinephrine, serotonin and dopamine which are associated with increases in alertness and 

feelings of well-being such as elevated moods and pleasure (Portugal et al., 2013; de Souza 

Moura et al., 2015; Rahman, El Werfalli, & Lehmann-Waldau, 2017). Chronic exercise which 

causes long term effects seems to induce angiogenesis and neurogenesis, which help in 

improving cognitive and behavioral function (Portugal et al., 2013). The long-term effects 

therefore appears to result in different adaptations and responses than the acute effects of 

individual sessions of exercise. 

          PA and exercise has been shown to provide an effective approach in treating depression 

according to research studies (de Souza Moura et al., 2015; Cooney et al., 2013; Pilu et al., 

2007; Rahman et al., 2017). Exercise can in some cases provide an effective treatment option 

with low cost and no side effects. A systematic review from 2015, which investigated the effects 

of aerobic exercise interventions in the treatment of depression, reported that 69.3% of the 

studies investigated showed significant reductions in depressive symptoms among treatment 

groups (de Souza Moura et al., 2015). Another review on exercise and depression that 

investigated 39 trials and included 2.326 participants, found that exercise was equally effective 

as either antidepressant drugs and psychological therapies in reducing depressive symptoms 
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(Cooney et al., 2013). Exercise can also provide a good therapeutic strategy in combination 

with antidepressants in treatment of depressive disorders (Pilu et al., 2007). One thing to take 

into consideration with the results above is that different intensities, duration and what kind of 

exercise is submitted can make results from analysis and reviews a bit unclear (Rahman et al., 

2017). It is probable that the effects of the programs are to a large degree influenced by these 

above factors and therefore it is important to keep investigating on the matter to get a clearer 

understanding of which kinds of exercise programs produce the best results in different 

situations. Aerobic exercise has attracted the most attention in relation to both cognitive 

function and psychological disorders. A systematic review looking at exercise parameters in 

randomized controlled trials found that the majority of trials focused on aerobic exercise as 

treatment for depression (Perraton, Kumar, & Machotka, 2010). The most common methods 

applied in the studies where three times per week, 30 minute sessions for eight weeks or more 

with intensities between 60-80% of max heart rate. There were however two trials included in 

the review that compared aerobic and anaerobic exercise programs and both trials found both 

aerobic and anaerobic programs to be effective. There was no significant difference between 

the aerobic and anaerobic programs (Perraton et al., 2010). It should also be noted that both 

individual exercise and group exercise programs have been found effective exercise modes for 

depression  (Stanton & Reaburn, 2014). 

          The research literature on the effects of exercise on depression is somewhat larger than 

the research on the effects of exercise on anxiety disorders (Ströhle, 2009). The diversity of 

anxiety disorders makes it somewhat complicated to generalize about effects on anxiety 

disorders as a whole. Exercise can for example increase the chances of an acute panic attack in 

some patients leading to cautious treatment in clinical settings (Ströhle, 2009). The available 

data on the matter however points to positive effects of physical activity and exercise in 

treatment of anxiety disorders (Jayakody, Gunadasa, & Hosker, 2014; Anderson & Shivakumar, 
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2013). In non-clinical subjects a meta-analysis found a significant effect for exercise in 

decreasing anxiety (ES = 0,38) (Rebar et al., 2015). 

           PA has been shown in research to have positive effects on cognition and brain function. 

A large portion of the studies on this matter have been in elderly participants but data also 

suggests that PA, and in particular aerobic fitness, can be good for brain health throughout the 

lifespan (Hillman, Erickson, & Kramer, 2008).  

          PA and exercise in relation with aging effects on the brain has attracted much attention 

in research over the last decades. Multiple studies report that regular PA or exercise can be an 

important factor in maintaining cognitive function and slowing age related mental degeneration 

(Rovio et al., 2005; Erickson et al., 2010; Laurin, Verreault, Lindsay, MacPherson, & 

Rockwood, 2001; Buchman et al., 2012; Cotman, Berchtold, & Christie, 2007; Colcombe et al., 

2006; Ahlskog, Geda, Graff-Radford, & Petersen, 2011; Barnes, Yaffe, Satariano, & Tager, 

2003; Willey et al., 2016). Furthermore, Rovio et al., (2015) reported that midlife leisure time 

PA twice a week for at least 20-30 minutes or more that caused sweating or breathlessness could 

significantly decrease the risk of both Alzheimer´s disease and dementia (Rovio et al., 2015). 

A 2016 study found that low levels of leisure time PA is independently associated with 

cognitive performance decline (Willey et al., 2016). This was the case with semantic memory, 

executive function and processing speed at baseline. The participant´s cognition was assessed 

with neuropsychological examination both at the beginning of the study and again 5 years later.  

Those participants that had low levels of leisure time PA declined more over the 5 year period 

in episodic memory and processing speed. The decline in brain function in inactive unimpaired 

participants showed signs of cognitive decline of approximately 10 years additionally compared 

with moderate to heavy leisure time physical activity participants at baseline (Willey et al., 

2016).  
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          A Meta-analytic study on the effects of exercise on cognition in older adults showed 

benefits with exercise on four different cognitive tasks. The largest benefits associated with 

fitness training where related to executive control processes. (Colcombe & Kramer, 2003). 

Executive control tasks are tasks that include planning, scheduling, multi-tasking, dealing with 

uncertainty and working memory. These processes are related to regions in the brain (prefrontal 

cortex) that is prone to age related deterioration (Hillman et al., 2008). Exercise also produced 

reliably more improvements compared with control subjects in other tasks which were 

controlled tasks, spatial tasks and processing speed tasks. It is interesting to note that 

improvements in participants in aerobic and strength training regimes was found reliably greater 

than in those in the aerobic training alone (Colcombe & Kramer, 2003). 

          Exercise does not affect all aspects of brain functioning but growing evidence shows that 

a number of aspects related to healthy cognition over the lifespan can be affected with regular 

PA or exercise (Hillman et al., 2008; Erickson et al., 2011; Colcombe et al., 2006). 

1.5.2. Quality of life 

The World Health Organization defines quality of life as “a broad ranging concept 

affected in a complex way by the person's physical health, psychological state, personal beliefs, 

social relationships and their relationship to salient features of their environment.” (World 

Health Organization, n.d.-b). To be able to assess individuals quality of life it is important to 

not only diagnose negative components such as psychological distress but also the positive 

factors related to the individuals experience such as hope, ease, satisfaction and the individuals 

adaptability skills, since both negative and positive components have to do with the overall 

evaluation of quality of life (Sosnowski et al., 2017). The concept of health in relation to  quality 

of life, health related quality of life (HRQol) was introduced by Harvey Schipper in 1990 

(Schipper, 1990). Schipper noted that individuals health status significantly influences day to 

day living and individual functioning and in doing so it should also have an impact on any 
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assessment of quality of life. HRQol has been categorized as a four dimensional concept. One 

dimension is the individuals motor and physical skills. Other dimensions are mental state, 

somatic perception such as symptoms related to pain, and lastly the individuals economic and 

social conditions (Sosnowski et al., 2017).  HRQol is therefore associated with the  individual´s 

ability to live a fulfilling life without health problems. Health, according to the World Health 

Organization (WHO) is ”a state of complete physical, mental and social well-being and not 

merely the absence of disease or infirmity.“ (World Health Organization, 1946). Factors such 

as chronic disease and prolonged psychological distress can have a huge influence on HRQol 

in the sense that it affects social, psychological and physical functioning (Sosnowski et al., 

2017). Physical activity and exercise can be important contributors to both mental and physical 

health in various ways. Factors such as improvements in psychological distress levels, better 

functional physical fitness, ability to perform daily tasks, improved cognitive functioning and 

possible increased years of independent living are all factors that can be contributors to HRQol. 

(Rebar et al., 2015; Bouchard et al., 2012; Colcombe & Kramer, 2003). The links between Qol 

improvements with PA and exercise have considerable backing, especially in clinical settings 

and patient rehabilitation (Beniamini, Rubenstein, Zaichkowsky, & Crim, 1997; Quittan, 

Sturm, Wiesinger, Pacher, & Fialka-Moser, 1999; Yu, Li, Ho, & Lau, 2003). 

1.6. Physical activity and exercise in public health 

The evidence of associations between the effects of PA and exercise and decreases in 

occurrence of various health problems has been observed in research in the past decades 

(Kujala, 2011). It has been reported in several observational studies that high levels of PA 

during the life course is associated with reduction in chronic disease and various health 

limitations, as well as increases in life expectancy (Arem et al., 2015; Kujala, Kaprio, Sarna, & 

Koskenvuo, 1998; Paffenbarger et al., 1993; Moore et al., 2012; Kujala, 2011). Most of the 

research on the effectiveness of PA and exercise for health benefits has focused on the effects 
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of exercise on musculoskeletal, cardiovascular and psychological factors (Kujala, 2011). As 

noted in previous chapters PA and exercise can have beneficial effects on fitness levels which 

can prove to be hugely beneficial to health (Mandsager et al., 2018; Metter, Talbot, Schrager & 

Conwit, 2002; Blair et al., 1989; Myers et al., 2002). 

         When looking at the importance of PA and exercise for younger populations it is evident 

that PA, exercise and sports can have beneficial physical effects and improve both aerobic 

fitness and muscular strength in children (Baquet, van Praagh, & Berthoin, 2003). PA  has also 

been shown to be able to decrease total fatness in obese children in randomized controlled 

settings (Owens et al., 1999). This is important as high body fat is a known risk factor for 

cardiovascular disease and other health problems. Exercise has also been shown to reduce 

visceral fat in clinical trials (Ohkawara, Tanaka, Miyachi, Ishikawa-Takata, & Tabata, 2007). 

High impact PA has also been shown to increase both bone density and bone mineral content 

at pre-pubic age which can have important preventive effects later in life (MacKelvie, Petit, 

Khan, Beck, & McKay, 2004; Kujala, 2011). 

          Randomized controlled trials (RCT´s) have shown that functional capacity such as 

cardiovascular fitness and strength can be improved with exercise at various ages and even in 

people with chronic diseases (Kujala, 2009). This is of significance as exercise can provide an 

important contribution in reducing physical disability and increasing  independent living in old 

age (Kujala, 2011). It has been reported that high levels of PA in middle age can reduce hospital 

care needs in the last years of life (Kujala, Sarna, Kaprio, & Koskenvuo, 1996). PA can help in 

prevention of sarcopenia and increase muscle strength in elderly (Kujala, 2011). Physical 

activity can also improve balance which is important in prevention of falls in elderly.  

          There are various disease-specific mechanisms that can be affected in positive ways by 

PA and exercise. Beneficial effects of physical activity on health seems to be a sum effect of 

different mechanisms affected by long term PA and exercise habits (Kujala, 2011).  
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PA has repeatedly been shown to be effective both in prevention and rehabilitation in 

regard to CVD (Heran et al., 2011; Doherty & Lewin, 2012; Lawler, Filion, & Eisenberg, 2011; 

Sagar et al., 2015). CVD is the most common cause of death in humans. One-third of all deaths 

in the world are caused by these diseases (World Health Organization, 2017). In many cases 

CVD could be prevented with changes in lifestyle habits such as increasing PA or exercise 

according to guidelines (World Health Organization, 2017). In the United States of America it 

is estimated that half of the deaths caused by CVD could have been prevented with lifestyle 

changes with the elimination of five leading modifiable risk factors for CVD (Patel, Winkel, 

Ali, Narayan, & Mehta, 2015). These numbers are even higher when only coronary disease is 

taken into account (Stampfer, Hu, Manson, Rimm, & Willett, 2000). It has even been argued 

that lifestyle change can work better then clinical interventions such as drugs and surgery in the 

battle against coronary diseases (James, 2017). Exercise-based cardiac rehabilitation is 

frequently used for patients following cardiac problems. It has been found that this sort of 

treatment can both reduce mortality and also reduce re-admissions to hospitals following 

cardiac problems compared with rehabilitation that does not use exercise as part of the 

rehabilitation process (Heran et al., 2011). Other reviews support the effectiveness of exercise-

based cardiac rehabilitation (Doherty & Lewin, 2012; Lawler et al., 2011; Sagar et al., 2015).  

          There have been speculations about upper limits of health and mortality benefits, as well 

as lower limits in regards to benefits of PA and exercise for healthy subjects and the general 

public. A pooled analysis from Arem et al. (2015) which involved self-reported PA data from 

661.137 individuals found that different levels or amount of leisure time PA was an important 

factor in predicting mortality. The authors used the global health PA guidelines which 

recommends at least 75 minutes of vigorous-intensity aerobic activity or 150 minutes of 

moderate intensity aerobic activity weekly as measuring point in the analysis (Arem et al., 

2015). This equates to 7.5 metabolic equivalent hours weekly (MET hours). Those individuals 
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who reported no moderate to vigorous PA had the highest mortality rate in the pooled analysis. 

This group had a 31% higher mortality risk than those performing leisure time PA of 1-2 times 

the recommended guidelines and 20% higher mortality risk than individuals who performed 

some PA but did not reach the recommended minimum according to the guidelines. Those who 

performed PA of 2-3 times the guidelines had a mortality risk of 37% lower than the most 

inactive group. The decrease in mortality reached a threshold at 39% lower risk of mortality at 

3-10 times the recommended minimum. For individuals exceeding 10 times the recommended 

minimum the reduction in mortality compared with the least active individuals was still 

apparent at 31% lower risk but not as strong as in the previous levels of exercise amount (Arem 

et al., 2015).  The tipping point in health increase / health damage in relation to PA or exercise 

therefore appears to be rather high (Arem et al., 2015).  

          In another pooled analysis Moore et al., (2012) found that the equivalent of +22.5 MET 

hours per week of exercise (equivalent of 450+ minutes of brisk walking) was associated with 

an increase in life expectancy of 4.5 years (Moore et al., 2012). When combining both activity 

levels and body composition the authors found a 7.2 years in life gains for individuals who met 

PA recommendations and where normal weight (BMI 18.5-24.9) compared with being obese 

(BMI >35) and inactive (Moore et al., 2012). 

          Intensity levels and the association between PA intensity and health has also been a 

subject of research. The authors of the Harvard Alumny Health study reported that light 

activities (<4 METs) did not associate with lower rates in mortality regardless of energy 

expenditure. Moderate activities (4-6 METs) where beneficial regarding mortality rates and 

vigorous activities (≥6 METs) had clear benefits regarding lower mortality (Lee & 

Paffenbarger, 2000). Other studies have also shown greater benefits of vigorous activity 

compared with light and moderate intensity activity (Yu, Yarnell, Sweetnam, & Murray, 2003).  



23 
 

          Much of the above data on the beneficial effects of PA and exercise on health and 

mortality is collected from observational studies. To assert a fully causal relationship between 

PA and mortality with observational studies, it must however be done with some caution. 

Although adjusted for known confounders there can always be involvement of some 

unmeasured factors such as biological, behavioral and lifestyle factors that are difficult to 

account for. It should also be noted that those individuals who are very healthy tend to be more 

active and the fittest when looking at a population. Therefore it can be hard to draw a perfectly 

causal path between PA and health (Bouchard et al., 2012). The causal relationship between 

PA and mortality has not been confirmed in healthy individuals in RCT´s (Kujala, 2018). 

Correlation and causation are best tested in RCT´s but it has been difficult to measure the 

relationship between PA and mortality in RCT´s because very long term RCT´s are not 

available on the subject. The relationship has therefore usually been investigated with 

longitudinal observational studies (Kujala, 2011).  

          There are obviously many factors that play a role in the complex relationship between 

PA and health. It is however clear that regular PA can increase important health related factors 

such as cardiorespiratory fitness, strength, decreased blood pressure and whole-body adiposity 

along with other benefits that can be derived from PA (Kujala, 2018).   

1.7. Physical activity and exercise in sedentary work environment 

Sedentary behavior is in some ways a by-product in today´s office work environment where 

individuals work sitting at a desk for prolonged periods each day. Office workers have been 

shown to spend significantly more time sitting at work than outside of work and therefore work 

can contribute to sedentary lifestyle of office workers (Parry & Straker, 2013). As noted earlier, 

a sedentary work environment can be a big contributor to inactivity and sedentary behaviors 

with estimations showing that office-based workers spend approximately 70–85% of working 
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hours sitting (Edwardson et al., 2018). Long working hours can also be a barrier for workers to 

get regular physical activity or exercise.  

The effects of these prolonged sitting hours can have health detrimental consequences 

associated with them in the long term (Tremblay et al., 2010; Hamilton, Healy, Dunstan, Zderic, 

& Owen, 2008; Owen, Healy, Matthews, & Dunstan, 2010). Workplace PA can be important 

to break up these sedentary patterns. It can also reduce the imbalances between energy intake 

and PA at work (Conn, Hafdahl, Cooper, Brown, & Lusk, 2009). Musculoskeletal problems 

should also be mentioned in regard to prolonged sedentary behaviors and inactivity in work 

environment. For office workers one of the biggest reasons for absenteeism is low back pain 

and exercise interventions have been shown effective in reducing back pain in workers (Tveito, 

Hysing, & Eriksen, 2004). Exercise can also in some cases help improve job performance in 

part because of improvements in psychological effects such as mood benefits and enthusiasm 

towards the job (Coulson et al., 2008; Thøgersen-Ntoumani et al., 2015). Exercise can also be 

an important factor in preventing increased stress levels and potential burnout. Burnout is a 

term associated with chronic stress and fatigue caused by factors related to one´s job (Bretland 

& Thorsteinsson, 2015). Resistance based exercise and cardiovascular exercise can both be 

effective in improving mental health in workers. (Bretland & Thorsteinsson, 2015). Workplace 

PA interventions have also been shown to have positive effects on attendance of employees 

along with increased job satisfaction (Conn et al., 2009). 

          A meta-analysis has aimed at summarizing the effectiveness of PA in the work places. 

Conn et al., (2009) performed a Meta-Analysis on the effects of PA workplace interventions. 

The authors claimed that no previous meta-analysis had summarized outcomes of workplace 

PA and exercise intervention studies in relation to PA levels and health outcomes for workers 

(Conn et al., 2009). A significant positive effect was found between various health outcomes 

and PA behavior. Fitness measures were significantly better on average for treatment subjects 
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in comparison with control subjects with effect size (Standardized mean difference) for fitness 

measures (ES = 0.57). Anthropometric measures had a trivial positive effect size (ES = 0.08). 

Lipids effect size was (ES = 0.13). Job stress was lower on average with an effect size of (ES 

= 0.33). Quality of life measure impact was also positive with mean effect size of (ES = 0.23) 

and mood as well (ES = 0.13). Both quality of life and mood measures where non-significant 

although there were indications that the treatment subjects had better outcomes. Following the 

interventions, job satisfaction was also significantly greater in the treatment groups (ES = 0.20) 

compared with CG´s in pre-post analysis of effects. Another interesting finding was that work 

attendance had a tendency to improve (ES = 0.19). The authors of the meta-analysis concluded 

that in some cases PA interventions in the workplace can improve both important worksite 

outcomes as well as workers health (Conn et al., 2009). It should be noted that only 27% of 

studies of the 105 studies observed included supervised exercise sessions. The way in which 

the physical activity interventions are conducted has effect on the outcomes for the employees. 

There was larger mean effect size in two measures, both fitness (ES = 0.92) vs. (ES = 0.49) and 

anthropometric measure (ES = 0.22) vs. (ES = 0.02) in those studies that the employees got 

paid during the intervention sessions compared with those that were performed outside of paid 

time. There was also a larger mean effect size on lipids measures (ES = 0.32) vs. (ES = 0.07) 

and anthropometric outcomes (ES = 0.24) vs. (ES = 0.05) in the workplaces with onsite facilities 

for exercise compared with those without facilities for training. The meta-analysis suggests that 

physical activity interventions related to the job may improve health outcomes through 

increases in physical activity (Conn et al., 2009). The authors conclude that there is a need for 

direct comparison between PA participation on paid work time compared with outside of paid 

time. There is also a need for well-designed studies that compare programs with onside facilities 

vs. those without onside facilities to determine the effect benefits of making onside facilities 

available to employees.  
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          Hunter et al., (2016) recently did a systematic review of the effectiveness of workplace 

exercise interventions in relation to PA, health and fitness (Hunter, Gordon, Bird, & Benson, 

2016). A total of 37 studies of which there were 23 randomized controlled trials, seven 

uncontrolled trials and seven quasi experimental controlled trials were used in the review. 

Improvements were found in cardiorespiratory fitness in 20 out of 31 studies. In 10 out of 13 

studies measuring strength there were improvements found. In 14 out of 23 studies measuring 

body mass there were improvements. There was low strength of evidence on improvements in 

blood lipid profile and whole body fat, with nine out of 15 studies showing some improvements 

in lipid profile and 11 out of 21 in whole body fat. Improvements in BMI were also inconclusive 

as seven out of 15 studies showed some improvements. Improvements were found in six out of 

the 25 studies measuring BP (Hunter et al., 2016). There was over 60% dropout rate in 

participation in interventions varying 6 months or longer. The authors however concluded that 

interventions of at least six months are more suitable to change metabolic and anthropometric 

measures compared with shorter interventions.  

Most studies in the PA and exercise field in relation to work environment have focused 

on relatively few aspects of outcome. The following table summarizes outcomes of workplace 

PA and exercise studies focusing on health changes following exercise programs.  Table 5 

summarizes the results of workplace exercise interventions measuring the effects on 

kinantropometry, body composition and aerobic fitness parameters. Table 6 summerizes the 

results of workplace exercise interventions measuring the effects on lipid and blood pressure. 

Table 7 summerizes the results of workplace exercise interventions measuring the effects on 

mental health and HRQol. 
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Table 5. Workplace exercise interventions on kinantropometry, body composition and aerobic fitness parameters 

Parameter Study N Population Activity 
Duration 
(weeks) 

Sessions 
weekky 

Duration 
session (min) 

Effect (%) and 
effect sizes 

Weight     
(kg) 

Grandjean et al., (1996) 37 Blue collar workers Jogging, walking or cycling 24 3 20-60 
↓ 3% 

ES = N/A 

Murphy et al., (2006) 37 Sedentary civil servants Self paced walking 8 2 45 None 

Body Mass 
Index 

(kg/m2) 

Li et al., (2006) 54 Office workers 
Aerobic exercise, weight training 

and behavioral modification 
12 2 60 None 

Lee & White, (1997) 37 
 

University working women 
Low-impact aerobic exercise 12 2-3 60 None 

de Zeeuw et al., (2010) 27 
White-collar workers with 

minimal symtoms of 
depression 

Power and aerobic training 10 2  40-50 
↓ 4.6% 

ES = -1.52 

Body Fat 
(%) 

Grandjean et al., (1996) 37 Blue collar workers Jogging, walking or cycling 24 3 20-60 
↓ 4.1 %          
ES = N/A 

Murphy et al., (2006) 37 Sedentary civil servants Self paced walking 8 2 45 None 

de Zeeuw et al., (2010) 27 
White-collar workers with 

minimal symtoms of 
depression 

Power and aerobic training 10 2 40-50 
↓ 12.2 % 
ES = -1.74 

                   
Aerobic 
Fitness 

Grandjean et al., (1996) 37 Blue collar workers Jogging, walking or cycling 24 3 20-60 
↑ 14.8 %        
ES = N/A  

Oja et al., (1991) 68 Sedentary workers 
Walking or cycling to and from 

work 
20 5 

60 
Approximately 

↑ 4.5 %           
ES = 0.17  

Li et al., (2006) 54 Office workers 
Aerobic exercise, weight training 

and behavioral modification 
12 weeks  2 60 

↑ 4.9 %           
ES = 0.38 

de Zeeuw et al., (2010) 27 
White-collar workers with 

minimal symtoms of 
depression 

Power and aerobic training 10 22 40-50 
↑ 23.9 % 
ES = 1.55 
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Table 6. Worplace exercise interventions measuring  lipid and blood pressure 

Parameter Study N Population Activity 
Duration 
(weeks) 

Session 
weekky 

Duration 
session (min) 

Effect 

HDL 
cholesterol 

Grandjean et al., (1996) 37 Blue collar workers Jogging, walking or cycling 24 3 20-60 
↑ 11.7 %        
ES = N/A  

Lee & White, (1997) 37 University working women low-impact aerobic exercise 12 3-4 60 None 

Oja et al., (1991) 68 Sedentary workers 
Walking or cycling to and from 

work 
20 5 

60 
Approximately 

↑ 5.6 %          
ES = 0.21 

Murphy et al., (2006) 37 Sedentary civil servants Self paced walking 8 2 45 None 

 
LDL 

cholesterol 
Grandjean et al., (1996) 37 Blue collar workers Jogging, walking or cycling 24 3 20-60 None 

 Murphy et al., (2006) 37 Sedentary civil servants Self paced walking 8 2 45 None 

Total 
cholesterol 

Grandjean et al., (1996) 37 Blue collar workers Jogging, walking or cycling 24 3 20-60 None  

Lee & White, (1997) 37 University working women low-impact aerobic exercise 12 3-4 60 None 

Oja et al., (1991) 68 Sedentary workers 
Walking or cycling to and from 

work 
20 5 

60 
Approximately 

None 

Murphy et al., (2006) 37 Sedentary civil servants Self paced walking 8 2 45 None 

 Grandjean et al., (1996) 37 Blue collar workers Jogging, walking or cycling 24 3 20-60 None  

Triglyceride Lee & White, (1997) 37 University working women low-impact aerobic exercise 12 3-4 60 None 

 Murphy et al., (2006) 37 Sedentary civil servants Self paced walking 8 2 45 None 
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Table 6. (continuation) 

Systolic 
blood 

pressure 

Lee & White, (1997) 37 University working women low-impact aerobic exercise 12 3-4 60 None 

Murphy et al., (2006) 37 Sedentary civil servants Self paced walking 8 2 45 
↓ 4%               

ES = =-0.27 

de Zeeuw et al., (2010) 27 
White-collar workers with 

minimal symtoms of 
depression 

Power and aerobic training 10 2 40-50 None 

 Lee & White, (1997) 37 University working women low-impact aerobic exercise 12 3-4 60 None 

Diastolic 
blood 

pressure 
Murphy et al., (2006) 37 Sedentary civil servants Self paced walking 8 2 45 None 

 de Zeeuw et al., (2010) 27 
White-collar workers with 

minimal symtoms of 
depression 

Power and aerobic training 10 2 40-50 None 
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Table 7. Workplace exercise interventions on mental health and quality of life 

Parameter Study N Population Activity 
Duration 
(weeks) 

Session 
weekky 

Duration 
session (min) 

Effect 

Depression 

Atlantis et al., (2004) 73  Casino workers 
Aerobic exercise, weight training 

and behavioral modification 
24  5 20+ 

↓59% 
 ES = -0.16 

de Zeeuw et al., (2010) 27 
White-collar workers with 

minimal symtoms of 
depression 

Power and aerobic training 10 2 40-50 
↓50% 

ES = -0.9 

 Atlantis et al., (2004) 73  Casino workers 
Aerobic exercise, weight training 

and behavioral modification 
24  5 20+ None 

Anxiety 
Gronningæter et al., 
(1992) 

88 
Inactive insurance company 

employees 
Aerobic exercise 10 3 55 None 

 Sjögren et al., (2006) 90 Office workers Light resistance training 15 5 5 None 

 
Atlantis et al., (2004) 73  Casino workers 

Aerobic exercise, weight training 
and behavioral modification 

24  5 20+ 
↓53% 

ES = -0.56 

Gronningæter et al., 
(1992) 

88 
Inactive insurance company 

employees 
Aerobic exercise 10 3 55 None 

Stress Nurminen et al., (2002) 260 Laundry workers Resistance, aerobic and stretching 32 1 60 None 

 Sjögren et al., (2006) 90 Office workers Light resistance training 15 5 5 None 

Quality of 
life 

Brox & Frøystein, (2005) 129 Nursing home employees Aerobic exercise 26 1 60 None 

Qol Physical 
Functioning 

Atlantis et al., (2004) 73  Casino workers 
Aerobic exercise, weight training 

and behavioral modification 
24  5 20+ 

↑ 15 %           
ES = 0.93 

Qol Role 
Physical 

Atlantis et al., (2004) 73  Casino workers 
Aerobic exercise, weight training 

and behavioral modification 
24  5 20+ None 
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Qol Bodily 
Pain 

Atlantis et al. (2004) 73  Casino workers 
Aerobic exercise, weight training 

and behavioral modification 
24  5 20+ 

↑ 15 %           
ES = 0.62 

Qol General 
Health 

Atlantis et al., (2004) 73  Casino workers 
Aerobic exercise, weight training 

and behavioral modification 
24  5 20+ 

↑ 11 %           
ES = 0.44 

Qol Vitality Atlantis et al., (2004) 73  Casino workers 
Aerobic exercise, weight training 

and behavioral modification 
24  5 20+ 

↑ 44 %           
ES = 1.54 

Qol Sociall 
Functioning 

Atlantis et al., (2004) 73  Casino workers 
Aerobic exercise, weight training 

and behavioral modification 
24  5 20+ 

↑ 13 %           
ES = 0.35 

Qol Role 
Emotioanl 

Atlantis et al., (2004) 73  Casino workers 
Aerobic exercise, weight training 

and behavioral modification 
24  5 20+ 

↑ 18 %           
ES = 0.69 

Qol Mental 
Health 

Atlantis et al., (2004) 73  Casino workers 
Aerobic exercise, weight training 

and behavioral modification 
24  5 20+ 

↑ 18 %           
ES = 0.68 
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2. Objectives 

The objective of this experimental study was to determine the effects of two physical exercise 

programs carried out during working hours in office work environment on health-related 

parameters of anthropometry, body composition, cardiorespiratory fitness, lipid profile, blood 

pressure, mental health, and quality of life in the employees. 

 

3. Methods 

3.1. Study design 

The current study was an experimental study performed in a sedentary office work settings. The 

study was designed to implement programs and then measure the effects of these programs on 

the overall health and well-being of the participating employees. The independent and the 

dependent variables are described in table 8. 

Table 8. Variables and their units 

Independed variables Dependent variables 

Training programs 

 

 

 

 

 

 

Anthropometric and body Composition: Weight (kg), 

BMI (kg/m2), WHR, BF (%), SMM (%), SMM (kg) 

 

Cardiorespiratory fitness: 6 min wt (m) 

 

Lipid and BP: HDL C mmol/L, LDL C mmol/L, 

Total C mmol/L, Triglyceride mmol/L 

Systolic BP mm/Hg, Diastolic BP mm/Hg 

 

Psychological and quality of life: DASS 

questionnaire, SF-36 questionnaire 
kg = kilograms, BMI = body mass index, WHR = waist hip ratio, BF = body fat, SMM = skeletal muscle mass, min = minutes, wt = walking 

test, HDL = high density lipoprotein, LDL low density lipoprotein, C = cholesterol, mmol/L = millimoles per litre, BP = blood pressure, 
mm/HG = millimeters of Mercury, DASS = Depression Anxiety Stress Scales, SF-36 = 36 Item Short Form Survey. 

As mentioned  above there can be health consequences associated with prolonged sedentary 

behaviors (Tremblay et al., 2010; Hamilton, Healy, Dunstan, Zderic, & Owen, 2008; Owen, 

Healy, Matthews, & Dunstan, 2010). On the contrary, research shows that increases in PA can 

have beneficial effect on individual health (Arem et al., 2015; Kujala, Kaprio, Sarna, & 
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Koskenvuo, 1998; Paffenbarger et al., 1993 Moore et al., 2012; Kujala, 2011). Long bouts of 

sedentary behaviors and low levels of PA are often associated with the circumstances of modern 

office working environment (Parry & Straker, 2013). The present study aims at measuring the 

health effects of breaking up sedentary time in the middle of the workday by implementing 

three 30 minute exercise sessions weekly for a period of 12 weeks. A variety of studies have 

been conducted in regard to measuring the effects of PA and exercise on workers health. No 

study was found that measured the health effects of exercise interventions in such a 

comprehensive manner as this study does with measurements of body composition, 

cardiorespiratory fitness, blood measurements, psychological distress and quality of life.  To 

the authors best knowledge this is also the first study conducted in Iceland that implements 

exercise programs and measures the effect in multiple ways on Icelandic workers health. 

Participants were randomly assigned either to a vigorous exercise group or a walking group. A 

CG was also used for comparison in the study. The first group exercised for 30 minutes at 

vigorous to maximum intensity in short intervals accompanied by resting periods (High 

intensity interval training). The second group consisted of 30 minute brisk walking sessions 

outdoors near the worksite area. 

3.2. Participants 

In total, 47 healthy office working volunteers (37 females and 10 males) age 23 - 66, mean 45 

years, std. deviation 11.95 years, signed up for the programs and attended pre-test 

measurements in EIMSKIP headquarters. Out of the 47 volunteers 11 participants, (five females 

and six males) volunteered to be control subjects for the study. Following the measurements 

the other 37 volunteers (33 females and five males) were randomly split into two groups, a high 

intensity interval training (HIIT) exercise group and a brisk walking (BW) group. All 

participants read and signed a National Bioethics Committee approved consent form before 

participating in the programs (research no. 17-226). After 12 weeks of training three times per 



34 
 

week (33 sessions total) 23 training group subjects (12 HIIT group and 11 Walking group) had 

met the participation minimum which was set at attending at least 66% of the exercise sessions 

over the 12 week period to be involved in the study data. Out of the participants that finished 

the interventions with at least 66% attendance there where 19 women and five men. In total 11 

subjects in the CG (five females and six males) completed both pre- and post-measurements. 

All 23 training group subjects with at least 66% attending to exercise sessions completed post-

measurements. The total number for the study data was 34 participants, 24 women and 10 men 

age 23-66, mean age 44.85 std. deviation 12.83 years (12 HIIT, 11 brisk BW and 11 CG). 

 

 

 

Figure 2. Flow chart showing participants and groups throughout the study period 

 

3.3. Interventions 

The exercise programs involved participating in three 30 minute training sessions per week for 

a period of 12 weeks in the middle of the work day. Employees that signed up to participate in 

the program were given extra 15 minutes to their lunchtime on the training days. The lunch 

time would change from the standard 30 minutes to 45 minutes. This way the participants could 

attend a 30 minute training session and get extra time to their lunch-brake so they would still 

Pre-test 

Post-test 
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be able to eat their lunch. This implementation made training at working hours realistic without 

it affecting working hours greatly. Training days were on Monday´s, Wednesday´s and 

Friday´s. The HIIT sessions training times were 11:30-12:00 and the walking sessions started 

at 12:30 and ended at 13:00. 

3.3.1. HIIT group 

There is no universal clear-cut definition for the term high intensity interval training (HIIT). 

HIIT consists of brief periods of high intensity exercise periods which are separated by short 

recovery periods, either at full rest or doing low intensity activities in between the high intensity 

training periods (Kessler, Sisson, & Short, 2012). In HIIT training the intensities are such that 

the participants are be unable to sustain the brief periods of training for a prolonged time 

(Cassidy, Thoma, Houghton, & Trenell, 2017). By implementing recovery periods, individuals 

can perform the short exercise periods at higher intensity levels than would be possible with 

continuous exercise. HIIT has been used by coaches and athletes for decades with the aim of 

improving physical preparedness for sport and competition. In recent years HIIT has generated 

interest in the research field as to whether it is a favorable method in improving health in non-

athletes (Kessler et al., 2012). Originally, definitions of HIIT training were only associated with 

endurance based training but in recent years resistance and body weight training have been 

implemented into the concept of HIIT training (Thompson, 2016; Smith, Sommer, Starkoff, & 

Devor, 2013; Carneiro et al., 2018). Resistance based HIIT training has been shown to be able 

to increase muscle mass, even with body weight only in as short as 12 weeks (Carneiro et al., 

2018). Training at higher intensities compared with lower has also been shown to have greater 

influence on body composition parameters compared with training at lower intensities (Lee, 

Park, Kim, Choi, & Kim, 2012; Bryner, Toffle, Ullrich, & Yeater, 1997). 
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For group one, the HIIT group, a big machine space in EIMSKIP warehouse was used 

for the training in 32 of the sessions while in one spring session the training was performed 

outside. 

 

Figure 3. Exercise areas used for the HIIT group in the study 

In the warehouse, the machines where moved and the floors cleaned before each session. It took 

about 45 minutes to set up each practice session after the space was all cleared and 15 minutes 

to take it down after the sessions. Practice equipment used in the interventions were resistance 

bands, free weights, aerobic steppers, medicine balls, Bosu balls and exercise mattresses. The 

HIIT training was set up as circuit station training. Circuit training consists of multiple separate 

training stations usually performed at control for a set period of time, or a set period of 

repetitions, with a period of rest in between stations (Bompa & Haff, 2009). 

 

 

Figure 4. Example of a station used in the HIIT training circuit. 
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In the beginning, the exercise sessions consisted of 10 stations with 2:1 work ratio where 

participants exercised for one minute on each station with 30 second rest in between stations. 

There was a progression of training load in the HIIT group. In weeks 3-5, 12 stations were used 

each session. In weeks 6-8, 14 stations were used and from week nine and throughout the 

training period the HIIT group trained on 16 stations with 3:1 work ratio, where participants 

trained for one minute on each station with 20 second rest in between stations. All sessions 

started with approximately five minute dynamic warm up and each session ended with a five 

minute cool down and static stretches.  

 

Figure 5. Dynamic warm up was performed before each exercise session 

Table 9. shows the program progression with a more detailed information of the main target of 

the exercises. The topic of each individual station is marked with its predominant purpose. The 

target of each of the exercise sessions was to improve both aerobic capacity and general 

strength. 

Table 9. Progression and structure of the HIIT sessions 

Intervention weeks Topics and volume 

1 – 3 

10 stations:  

 1 x push 

 2 x pull 

 1 x kneedominant 

 1 x hipdominant 

 1 x specific core 

 1 x medicine ball throw 

 3 x specific aerobic  
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3 - 5 

12 stations: 

 1 x push 

 2 x pull 

 1 x kneedominant 

 1 x hipdominant 

 2 x specific core 

 1 x medicine ball throw 

 4 x specific aerobic  
  
  

6 - 8 

14 stations: 

 1 x push 

 2 x pull 

 2 x kneedominant 

 1 x hipdominant 

 2 x specific core 

 1 x medicine ball throw 

 1 x arms 

 4 x specific aerobic 
 

9 - 12 

16 stations:  

 1 x push 

 2 x pull 

 2 x kneedominant 

 1 x hipdominant 

 2 x specific core 

 1 x medicine ball throw 

 1 x arms 

 6 x specific aerobic 

 

3.3.2. Brisk walking group 

Walking is both easily performed and also a low cost physical activity accessible to most 

people. Walking has been shown to be associated with positive effects for health (Murphy, 

Nevill, Murtagh & Holder, 2007; Thøgersen-Ntoumani et al., 2015). Walking can be performed 

at various intensities so it is important to define it by some set-point (Tudor-Locke et al., 2018). 

In group two, the BW group, there was an aim for stride frequency of >100 strides per minute 

throughout the walking session. The general guidelines for stride rate for individuals to reach 

moderate PA levels while walking recommends >100 strides per minute. 100 strides per minute 

is the equivalent of approximately three METs for most individuals (Rowe et al. 2011). Three 

METs is at the lower end of moderate intensity PA and was deemed a good reference point in 

this study for the BW group. The walking sessions were performed outside in the region of the 
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company’s headquarters. By dressing appropriately the participants were able to walk in almost 

all weather conditions in the study period. The weather was sometimes unfavorable with snow 

and windy days in the beginning but only once was a walking session canceled because of bad 

weather. This was compensated by adding an extra walking session on another day. 

 

  

Figure 6. The walking group started at EIMSKIP headquarters and was performed outside in the region of the 

workplace 

 

3.4. Procedures 

The principal investigator for the present study is Professor Jose M. Saavedra, Professor and 

director of the Sport Science master’s program at Reykjavik University. The supervisors for the 

project are Professor Jose M. Saavedra, Director of PAPESH Research Centre and Dr. Hafrún 

Kristjánsdóttir, Head of the Sport Science Department Reykjavik University.  

          The idea of a Grant opening with a possibility to do a Masters project related to public 

health at the EIMSKIP Company was presented to the author (Steinn B. Gunnarsson) by Dr. 

Hafrún Kristjánsdóttir. Following this, Professor Jose M. Saavedra worked on a proposal idea 

for the project. Dr. Saavedra submitted the application to the EIMSKIP research fund at 

Reykjavik University in May of 2017. The proposal to do the present study in collaboration 

with EIMSKIP was approved on the 29th of May that year. The preliminary proposal included 

that there would be three exercise/activity based interventions. The author and Professor 

Saavedra agreed that it would be interesting to include one intervention that consisted of brisk 
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walking since walking is very accessible and easily applied in work environment. It would also 

be interesting to compare a higher intensity exercise like the HIIT training with brisk walking 

to see how activities of such different intensities would affect health related parameters of the 

participating employees. The preparation for the project itself started in August 2017 and the 

preparation work for the study, such as on detailed planning of the programs was performed in 

the fall semester of that year. In November of 2017 Professor Jose M. Saavedra, Dr. Hafrún 

Kristjánsdóttir and the author worked on an application to get the project approved by the 

National Bioethics Committee. The approval from The National Bioethics Committee for the 

project arrived on January 23rd of 2018 (research no. 17-226).  

To reach out to participants both flyers and repeated e-mail notifications regarding the 

12 week exercise health intervention study were sent out to all of EIMSKIP office employees 

at EIMSKIP headquarters in Reykjavik. The pre-measurements were held on January 30th and 

February 2nd of 2018. All participants received a questionnaire at the pre-test that was to be 

handed back to the researchers the following day. At the start of the programs, there was not a 

sufficient number of participants that had volunteered to fill the CG and only participate in pre- 

and post-test measurements while carrying on with their normal lifestyle in the 12 week 

program period. At that time the CG consisted of five individuals. On the 27th of March 

sufficient number of participants to fill the CG had been sampled and pre-measurements were 

performed for those individuals who had after the start of the programs volunteered to take part 

in measurements. This was a total of six participants that had volunteered after repeated e-mail 

notifications had been sent to employees that it was still a possibility to take part in the health 

measurements and be control subjects in the study.  

          The first day of training was on the 14th of February. In total, the programs consisted of 

33 sessions each over a 12 week period. The final day of training was on May 4th. The post-test 

measurements where performed on Tuesday the 8th and 9th of May. The post-measurements for 
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the six CG members that came in to the CG later, after the start of the programs were supposed 

to be held in the beginning of July. At that time it was difficult to arrange a date after repeated 

suggestions for dates had been suggested to the six control subjects. This was because a big 

portion of those members in the CG took the month of July off for summer vacations. Therefore, 

the post-measurements for these six individuals had to be delayed until August. The post-

measurement questionnaires were however delivered to these CG members three weeks after 

the CG participants started work again after summer vacations. This was done because of the 

connections of the questionnaires to possible influence of stresses caused by ones job in relation 

to psychological distress and HRQol. It was therefore decided that it was better to fill out the 

questionnaires three weeks into work after summer vacations.  

          In the original study design the idea was to only include participants in the study who 

performed none or only trivial exercise in their daily life outside of work. Because of 

insufficient amount of individuals signing up who fit this category of being both sedentary at 

work and outside of work the only conditions for signing up was to work in a sedentary office 

job. 

 The preliminary results of this study were presented in Maia (Portugal) in February 2019 

(See in appendix). 

3.5. Measurements 

The pre- and post-measurements involved the following components: 

• Body composition and anthropometric 

• Cardiorespiratory fitness 

• Blood measurements 

• Mental health 

• Quality of life 
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3.5.1. Body composition and anthropometric  

Body composition and anthropometric measurements were the following: 

Weight, Body Mass Index, Body Fat Percentage, Waist Hip Ratio, Skeletal Muscle Mass 

Percentage, Total Skeletal Muscle Mass, Body Fat Mass. 

 Reference: Stewart, Marfell-Jones, Olds, & De Ridder, (2011). 

 Objective: To measure various health related body composition factors. 

 Description: In-Body 270 Bioelectrical Impedance analysis (BIA) body composition 

analyzer owned by the Faculty of Food Science and Nutrition at the University of 

Iceland was used for the measurements. Unlike many of the older conventional BIA 

analyzers which use partial measurements and rely on a formula to estimate body 

composition the In-Body machines take direct separate impedance measurements from 

different body compartments (trunk, legs and arms) by using an inbuilt eight point tactile 

electrode system (Ling et al., 2011). The machine provides immediate quantitative body 

composition values for various parameters that get printed out following the 

measurements. 

 Instruction: Participants wear their normal clothing for the body composition 

measurements. The participants get a cleaning wipe and are to clean all fat and 

impurities from under the feet and from the fingers and hands because the machine is 

sensitive to impurities. The participant are then asked to step on the machine for the 

measurements which take under two minutes for each individual. Subjects are required 

to stand barefooted in an upright position on the machine. The subject´s feet are on an 

inbuilt feet electrode area on the machines platform and the hands are gripping on 

electrode handles attached to the machine. On the machine there are instruction for the 

participants about how to stand and hold the handles correctly. There was no 

requirement for the subjects to fast before the measurements.  
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 Why this method: The In-Body measurements are widely used in research, especially 

in the fields of sports, obesity and nutrition (InBody, n.d.). It is practical to use the In-

Body machine for measurements in work places because it is convenient for the 

participants and it takes limited time but provides a variety of useful information. In-

Body machines have been shown to have both high accuracy and test-retest reliability 

(Ling et al., 2011; Gibson, Holmes, Desautels, Edmonds, & Nuudi, 2008). In 

comparison with DEXA, a gold standard body composition measurement the In-Body 

method has been concluded a valid method for body composition measurements 

(Lohne-Seiler et al., 2013).  

3.5.2. Cardiorespiratory fitness   

 Reference: Butland, Pang, Gross, Woodcock, & Geddes, (1982). 

 Objective: To evaluate participants cardiorespiratory fitness. 

 Description:  The 6 Minute Walking Test is a sub-maximal self-paced test and therefore 

measures individual´s sub-maximal capacity to perform activities. The 6 Minute 

Walking Test measures how far an individual can walk when walking as fast as he/she 

possibly can in a period of six minutes on hard and flat surface. The test is easy to set 

up and is considered a simple and practical test with minimal equipment use and no 

need for change of clothing in workplace settings for example. The 6 Minute Walking 

Test is performed indoors on a walking course of 30 meters (60 meter lap). At the end 

of the test participants are asked to give their opinion on the level of their overall fatigue. 

This is done by asking the participants about their perceived physiological exertion on 

the Borg scale after the walk (Borg, 1982). For test-retest reliability it is important that 

the length of the corridor and surface type is the same. Both ends of the course are 

marked with a cone. Every three meters the length of the corridor is marked and the 
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starting line is marked with a tape (American Thoracic Society, 2002). Equipment 

needed are stopwatch, cones, tape, measurement tools and pen and paper to write down. 

 Instructions: The 6 Minute Walking Test has standardized instructions to provide for 

the participants (American Thoracic Society, 2002). The instructions are as follows:  

The object of this test is to walk as far as possible for six minutes. You will walk 

back and forth in this hallway. Six minutes is a long time to walk, so you will be 

exerting yourself. You will probably get out of breath or become exhausted. You 

are permitted to slow down, to stop, and to rest as necessary. You may lean against 

the wall while resting, but resume walking as soon as you are able. You will be 

walking back and forth around the cones. You should pivot briskly around the 

cones and continue back the other way without hesitation. Now I’m going to show 

you. Please watch the way I turn without hesitation. Demonstrate by walking one 

lap yourself. Walk and pivot around a cone briskly. “Are you ready to do that? I 

am going to use this counter to keep track of the number of laps you complete. I 

will click it each time you turn around at this starting line. Remember that the 

object is to walk AS FAR AS POSSIBLE for six minutes, but don’t run or jog. 

Start now, or whenever you are ready. (American Thoracic Society, 2002 p. 113). 

 Why this test: The 6 Minute Walking Test is highly reflective of activities of daily life 

and well tolerated by a wide group of individuals (Solway, Brooks, Lacasse, & Thomas, 

2001). Most daily activities are performed at a submaximal level. Submaximal 

cardiorespiratory fitness tests have therefore frequently been used to measure 

cardiorespiratory fitness in general public. Submaximal cardiorespiratory fitness tests 

can provide a good reflection of functional capacity levels that have to do with daily 

activities (American Thoracic Society, 2002). Therefore The 6 Minute Walking Test 

can provide a good reflection of functional capacity levels that have to do with daily 
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activities (American Thoracic Society, 2002).  The test measures the responses of the 

body systems that are involved when exercising, although it does not give any specific 

information on the function or exercise limitations of each of the body systems.  

3.5.3. Blood measurements 

 Reference: (American Heart Association, n.d.-a; American Heart Association, n.d.-b). 

 Objective: To evaluate the impact of the interventions on the participants lipid levels 

and blood pressure. 

 Description: The pre- and post- measurements involved cholesterol and triglyceride 

blood analysis. For the cholesterol and triglyceride testing a nurse was contacted that 

came to EIMSKIP offices to collect blood samples at both pre- and post-measurements. 

After collecting the blood samples the samples were taken directly to a lab in Reykjavik 

(Rannsóknarstofan Glæsibæ) for analysis. For blood pressure measurements  a Visomat 

Comfort 20/40 blood pressure device is used which has been validated in research 

settings (Stergiou, Tzamouranis, Nasothimiou, & Protogerou, 2008). The pre- 

measurements for BP levels were performed three weeks into the programs because of 

problems with the BP device. 

 Instruction: For lipid testing normal procedures of blood sample were in use. The 

participants are seated. They are asked to remove clothing from their non-dominant arm. 

The participants are informed when the needle sting is about to arrive at the skin. For 

blood pressure measurements the participant are asked to sit down and allowed time 

(two minutes) to relax before the blood pressure reading. The participant are asked to 

remove clothing that interferes with the blood pressure measurement device. The 

participant is informed that no talking is allowed when measuring the blood pressure. 

The lipid and BP tests were performed at separate times. 
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 Why these tests:  Research has demonstrated that exercise can have positive impact on 

some cholesterol and triglyceride levels (Kraus et al., 2002; Stefanick et al., 1998; 

Couillard et al., 2001; Mann, Beedie, & Jimenez, 2014). This is partly when weight loss 

is accompanied with the exercise because overweight individuals tend to have higher 

cholesterol and TG levels compared with others (American Heart Association, 2018b). 

Exercise has also been shown to have positive effects on both HDL and triglyceride 

levels without weight loss (Kraus et al., 2002; Trejo-Gutierrez & Fletcher, 2007; 

Fletcher et al., 2005; Mann, Beedie, & Jimenez, 2014; Thompson et al., 1997; Aadahl, 

Kjaer, & Jørgensen, 2007). As for BP levels a review of RCT´s looking at the effects of 

exercise on BP has demonstrated positive results in reducing both systolic and diastolic 

BP in individuals with and without elevated BP levels (Whelton et al., 2002). It is 

therefore interesting to investigate whether 12 weeks of three 30 minute sessions will 

demonstrate improvements in Lipid and BP levels. Improvements in Lipids and BP 

would result in lowering of established risk factors related to cardiovascular diseases 

provided those levels are outside the regions of optimal levels at baseline.  

3.5.4. Mental health  

 Questionnaire: Depression Anxiety Stress Scales (DASS). 

 Reference: Lovibond & Lovibond, (1995). 

 Validation: Ingimarsson, (2010). 

 Language: Icelandic. 

 Objectives: To evaluate psychological distress levels of the participants in terms of 

depressive, anxiety and stress related symptoms. 

 Description and scoring: For psychological measures The DASS Scale was used. The 

DASS scale was designed to measure the three negative emotional states of depression, 

anxiety and stress. It is a 42 item questionnaire. It is possible to separate each subscale 
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to identify problems related to each state.  The DASS scoring system also gives a total 

score for the three emotional states. Each of the three scales contains 14 items that have 

2-5 items in them with similar content. The items of the depression part assess 

dysphoria, hopelessness, devaluation of life, self-deprecation, lack of 

interest/involvement, anhedonia, and inertia.  The items in the Anxiety scale have to do 

with autonomic arousal, skeletal muscle effects, situational anxiety, and subjective 

experience of anxious affect. The assessment of the Stress scale looks at the levels of 

chronic non-specific arousal. The Stress scale assesses problems related to difficulty 

relaxing, nervous arousal, and being easily upset/agitated, irritable/over-reactive and 

impatient (“Overview of the DASS and its uses,” 2014). The DASS questionnaire uses 

a four point scale in each item that asks the subjects to rate to which degree they have 

experienced these emotions in the past week. The scores for each is the sum of the 

questions that have to do with feelings of each of the states and the total score is the sum 

of all three items (“Overview of the DASS and its uses,” 2014). The DASS scale 

involves categories of mild, moderate, severe and extremely severe for each of the three 

distress categories. For reaching mild symptoms in these categories an individual has to 

be above the normal score of 0-9 for depression, 0-7 for anxiety and 0-14 for stress. 

Being above these levels implies that the individual is above the average scores when 

comparing with a population. (“Depression Anxiety Stress Scales - DASS,” 2018). In 

the DASS questionnaire and to reach even mild levels for these psychological distresses 

participants have to be above these levels (“Depression Anxiety Stress Scales - DASS,” 

2018). The psychometric properties of the DASS questionnaire have frequently been 

evaluated. The authors of DASS found satisfactory reliability of the questionnaires 

subscales. The Cronbach´s alpha was 0.91, 0.84, and 0.9 for the depression, anxiety and 

stress scales respectively in a sample of 717 participants (Lovibond & Lovibond, 1995). 



48 
 

Others have found excellent reliability in the with the DASS scale in non-clinical 

populations and concluded the DASS questionnaire as a valid and reliable method for 

measuring psychological distress (Crawford & Henry, 2003). The psychometric 

properties of the Icelandic version of the DASS questionnaire was found to be 

comparable with others showing the DASS subscales as a reliable method for measuring 

psychological distress (Ingimarsson, 2010). 

 Why this questionnaire: The DASS questionnaire is frequently used in research and has 

been used in a workplace PA/exercise intervention before to evaluate the effects of 

programs on psychological distress (Atlantis, Chow, Kirby, & Singh, 2004). 

Psychological distress is a big factor in today´s society. Depression and anxiety are the 

two most common mental illnesses and depression is the number one reason for 

disability globally (World Health Organization, 2018). Stress is also a big factor in 

today´s society and chronic stress related to the job has been associated with burnout 

(Bretland & Thorsteinsson, 2015). Exercise has been found to have positive effect on 

psychological distress and it is interesting to measure with the present study with 12 

weeks of exercise at working hours if levels of psychological distress are affected by 

the programs. 

3.5.5. Health related quality of life 

 Questionnaire: 36-Item Short Form Survey (SF-36v2). 

 Reference: Ware, Snoww, Kosinski, & Gandek, (1993).  

 Validation: Eiríksdóttir, (2011). 

 Language: Icelandic. 

 Objectives: To evaluate the participants HRQol in terms physical function, body pain, 

general health, vitality, social function and mental health. 
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 Description and scoring: For HRQol measurements the SF-36 questionnaire was used.  

The SF-36 was developed to detect both positive and negative states related to 

individual health. The SF-36 is a self-administered short form survey consisting of 36 

items. The SF-36 can be separated into a total of eight different health concepts. The 

first is related to limitations in physical activities caused by health problems. Second is 

related to social activities and limitations in those activities because of emotional or 

physical problems. Third is related to limitations caused by physical health problems in 

role activities. Fourth is a measure of bodily pain. Fifth is a measure of general mental 

health in relation to both well-being and psychological distress. Sixth is limitations in 

role activities caused by emotional problems. Seventh is vitality as in energy and fatigue 

status. Eight is an individuals perceptions of his/hers general health. (Ware & 

Sherbourne, 1992; Brazier et al., 1992). The SF-36 was adapted from a longer 

instrument which was used in the Medical Outcomes Study (Tarlov et al., 1989). In The 

SF-36 questionnaire each item is scored on a range from 0-100 in the categories of  

physical functioning, role-physical, bodily pain, general health, vitality, social 

functioning, role-emotional and mental health with a high score defining a health state 

that is more favorable and a low score a health state which would be less favorable 

(Rand Health Care, n.d). Evidence has been found for good reliability SF-36 

questionnaire with Cronbach´s alpha >0.85 (Brazier et al., 1992). Other studies have 

also shown good psychometric properties of the SF-36 scale in non-clinical populations 

(Jenkinson, Stewart-Brown, Petersen, & Paice, 1999; Lim, Seubsman, & Sleigh, 2008). 

An evaluation of the psychometric properties of the Icelandic version of the SF-36 

questionnaire found the scale to have good psychometric properties both in clinical and 

non-clinical populations (Eiríksdóttir, 2011). Because of problems with the scoring 
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formula available for the SF-36 questionnaire, two categories, the role-physical and 

role-emotional had to be excluded from the measurements in the present study. 

 Why this questionnaire: The SF-36 questionnaire is frequently used in research and has 

been used in two other workplace PA/exercise interventions to evaluate the effects of 

programs on quality of life (Brox & Frøystein, 2005; Atlantis et al., 2004). In research 

outside of workplace interventions the SF-36 has been widely used in regards of effects 

in relation to exercise programs (Quittan, Sturm, Wiesinger, Pacher, & Fialka-Moser, 

1999;  Yu, Li, Ho, & Lau, 2003). The SF-36 questionnaire is therefore a convenient tool 

for measuring quality of life for the participants in the present study. 

3.6. Statistical analysis 

Repeated measures ANOVA was performed to summarize changes in scores on body 

composition, aerobic fitness, blood measurements, mental health and quality of life in the HIIT, 

BW and CG from pre-test to post-test. The effect sizes of the differences were calculated as a 

Cohen´s d (Cohen, 1988), interpreting them in accordance with the recommendations in the 

sports medicine and exercise science literature (Hopkins, Marshall, Batterham, & Hanin, 2009): 

>0.1 small, >0.3 moderate, >0.5 large, >0.7 very large. Statistical significance was set at p < 

0.05 for all analysis in the present study. IBM SPSS Statistics version 25 was used for statistical 

analysis in the present study. 

 

4. Results 

4.1. Anthropometric, body composition parameters and aerobic fitness 

Table 10 shows pre-and post-intervention measurements in anthropometric, body composition 

parameters and cardiorespiratory fitness in the HIIT, BW and CG. A Statistical difference with 

small changes was found between pre- and post-measuement in the HIIT group on WHR, F (1, 

11) = 11, p = .007, (ES=0.14); BF (%), F (1, 11) = 27, p = .000, (ES=0.13); SMM (%), F (1,11) 
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= 15, p = .003, (ES=0.15); and a large change in the 6 Minute Walking Test , F (1, 11) = 101, 

p = .000, (ES=-1.27). The BW group showed a large change in 6 Minute Walking Test, F (1, 

11) = 27, p = .000, (ES=-1.24). The CG showed small changes in weight gain F (1, 9) = 6, p = 

.032, (ES=-0.11) and BMI, F (1, 9) = 9, p = .028, (ES=0.17).  
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Table 10. Mean (M), standard deviation (SD), and repeated measures ANOVA for Anthropometric and body composition parameters and 6 Minute Walking Test for the HIIT, BW and 

CG at pre- and post-intervention programs and effect sizes (Cohen´s d) from pre- to post-intervention. 

 High intensity interval training Brisk walking Control group 

  Pre-test 

M±SD 

 Post-test 

M±SD 

F p d Pre-test 

M±SD 

Post-test 

M±SD 

F P ES Pre-test 

M±SD 

Post-test 

M±SD 

F p d 

Weight (kg) 84.9±20.3 84.3±19.7 1.753 .212 0.03 84.4±13.6 83.0±12.6 2.654 .134 0.11 83.1±14.4 84.6±13.2 6.466 .032 -0.11 

BMI (kg/m2) 29.7±5.7 29.4±5.5 2.160 .170 0.05 28.6±4.1 28.1±3.7 2.462 .148 0.13 27.4±3.7 28.0±3.4 6.863 .028 0.17 

WHR  1.00±0.8 0.98±0.7 11.13 .007 0.14 0.99±0.6 0.99±0.7 0.398 .542 0.01 0.95±0.6 0.95±0.6 0.15 .708 0.01 

BF (%) 38.5±9.2 37.3±9.4 27.38 <.001 0.13 35.3±8.96 34.4±8.69 3.665 .085 0.10 30.0±9.6 31.0±9.0 2.489 .149 -0.11 

SMM (%) 34.1±5.3 34.9±5.6 15.06 .003 -0.15 35.9±5.3 36.4±5.2 4.729 .055 -0.10 39.3±6.0 38.7±5.6 1.67 .229 0.10 

SMM (kg) 28.8±8.2 29.2±8.3 4.747 .052 -0.05 30.2±6.4 30.1±5.7 0.008 .784 -0.02 32.8±8.3 32.9±7.9 0.232 .642 0.01 

6 min wt (m) 605.1±43.3 654.0±32.8 101.4 <.001 -1.27 624.8±32.9 671.8±42.1 26.5 <.001 -1.24 671.9±47.7 660.5±72.8 1.43 .262 0.18 
BMI = body mass index; WHR = waist hip ratio; BF = body fat; SMM = skeletal muscle mass, wt = walking test; m = meters 
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4.2. Lipid and vascular profile 

Table 11 shows pre- and post-intervention measurement in lipid and vascular profile in the 

HIIT, BW and CG. Statistically significant changes was only found on TG mmol/L levels in 

the BW group, F (1, 10) = 16, p = .003,  (ES=2.24).  
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Table 11. Mean (M), standard deviation (SD), and repeated measures ANOVA for cholesterol, triglyceride BP levels for the HIIT, BW and CG at pre- and post-intervention programs 

and effect sizes (Cohen´s d) from pre- to post-intervention. 

 High intensity interval training Brisk walking Control group 

 Pre-test 

M±SD 

Post-test 

M±SD 

F p d Pre-test 

M±SD 

Post-test 

M±SD 

F P ES Pre-test 

M±SD 

Post-test 

M±SD 

F p d 

HDL C mmol/L 2.0±0.6 2.1±0.6 0.182 .678 -0.17 1.7±0.3 1.8±0.4 3.253 .101 -0.28 1.6±0.4 1.5±0.3 0.852 .380 0.28 

LDL C mmol/L 3.3±0.9 3.1±0.9 0.374 .553 0.22 2.9±0.7 3.0±0.7 1.512 .247 -0.14 2.9±0.9 2.9±0.8 0.079 .785 0 

Total C mmol/L 5.6±1.2 5.5±1.0 0.155 .702 0.09 5.1±0.8 5.1±0.8 0.063 .807 0 5.1±0.9 5.0±0.7 0.021 .889 0.11 

TG mmol/L 1.8±2.1 0.9±0.8 4.843 .050 0.57 1.2±0.3 0.7±0.1 16.02 .003 2.24 1.3±0.9 1.3±0.6 0.016 .903 0 

S BP mm/Hg 123.9±11.1 123.5±10.8 0.013 .911 0.03 125.2±11.5 123.8±12.7 0.156 .702   0.12 120.8±4.6 120.5±10.3 0.007 .973 0.04 

D BP mm/Hg 83.2±11.7 80.5±8.0 2.198 .169 0.27 85.4±7.3 82.4±8.6 3.616 .090 0.38 82.2±4.7 81.0±7.3 0.121 .735 0.20 
HDL = high density lipoprotein, LDL = low density lipoprotein, C = cholesterol, TG = triglyceride, S = systolic, D = diastolic, BP = blood pressure, mmol/L =  millimoles per litre, mm/Hg = millimeters of mercury 
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4.3. Results from mental health and quality of life parameters 

Table 12 shows pre- and post-intervention measurements in mental health measured with the 

DASS scale and HRQol measured with the SF-36 scale in the HIIT, BW and CG. Statistically 

significant changes was only found for depressive symtoms in the BW group,  F (1, 9) = 5, p = 

.044,  (ES=0.59). 
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Table 12. Mean (M), standard deviation (SD), and repeated measures ANOVA for DASS, SF-36 and WLQ scales for the HIIT, BW and CG at pre- and post-intervention programs and 

effect sizes (Cohen´s d) from pre- to post-intervention. 

 High intensity interval training Brisk walking Control group 

 Pre-test 

M±SD 

Post-test 

M±SD 

F p d Pre-test 

M±SD 

Post-test 

M±SD 

F p d Pre-test 

M±SD 

Post-test 

M±SD 

F p d 

DASS DEP 3.8±4.7 2.4±3.5 1.88 .197 0.34 3.1±4.3 1.1±2.2 5.455 .044 0.59 2.6±7.2 1.1±1.7 .656 .439 0.29 

DASS ANX 3.4±3.1 2.2±3 1.96 .189 0.38 2.5±3.2 0.9±1.3 2.939 .121 0.66 2.2±2.6 1.6±1.4 .669 .434 0.29 

DASS STR  8.2±5.6 5±4.8 4.507 .057 0.61 4.8±3.3 3.3±2.4 2.872 .542 0.52 4.5±5.1 3.1±2.5 1.744 .219 0.35 

DASS TOT 15.5±11.7 9.7±10.4 4.468 .052 0.13 9.9±10.1 5.3±4.3 3.215 .107 0.59 9.25±13.9 5.8±5.1 1.163 .309 0.33 

SF-36 PFU 87.5±18.8 94.2±8.5 3.52 .087 -0.46 95.5±6.9 95.5±3.7 .000 1.000 0 97.2±5.2 97.8±3.6 .100 .760 -0.13 

SF-36 BPAI 79.5±21.9 81.2±16.4 .163 .694 -0.09 84.6±14.5 88.7±15.5 .592 .461 -0.27 89.2±16.3 88.1±17 .062 .810 0.07 

SF-36 GH 79.2±13.2 85.7±10.5 2.807 .122 -0.54 83.6±15.9 88.4±9.9 .920 .363 -0.36 71.6±24.4 79.1±18.9 .936 .362 -0.34 

SF-36 VI 65.4±10.8 63.3±13.2 .468 .508 0.17 63.5±15.8 65.5±7.8 .124 .733 -0.16 63.3±20 63.9±9.3 .009 .928 -0.04 

SF-36 SFU 92.8±12.3 93.9±8.3 .080 .762 -0.10 81.4±31.3 92.6±13.3 2.487 .149 -0.47 91.7±25 94.4±11 .182 .681 -0.14 

SF-36 MH 72.3±11.5 74.3±11.6 1.065 .324 -0.17 72.8±12 76.8±7.7 1.667 .229 -0.40 72.9±16.3 76±9.2 .486 .505 -0.23 
DASS = Depression Anxiety Stress Scales, DEP = depression, ANX = anxiety, STR = Stress, TOT = total,  SF-36 = Short Form 36 Scale, PFU = physical function, BPAI = body pain, GH = general health, VI = vitality, SFU = 

social function, MH = mental health 
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5. Discussion 

5.1. Anthrophometric, body composition and aerobic fitness 

In this study the HIIT group showed changes in WHR with small effect size (ES=0.14). Small 

changes were also found in BF (%) (ES=0.13) and in SMM (%) (ES=-0.15). Various research 

has been conducted on workplace physical activity related matters, but surprisingly few studies 

have aimed to look at anthropometric and body composition related changes in office workers 

following an exercise based intervention. Mixed results seem to be present in the studies 

available on the matter. No studies in work environment were found that measured WHR and 

SMM (%), therefore the results showing changes in these levels with HIIT training in 12 weeks 

can provide new data on that matter in work environment exercise interventions. The results 

from the HIIT group in the present study in terms of BF (%) showing 3.1% reductions  are 

comparable with a study on blue collar workers finding a 4.1% reduction in body fat with 

aerobic training consisting of 20-60 minute walking, jogging or cycling three times per week 

for a period of 24 weeks (Grandjean et al., 1996).  Another study in work environment with 

white-collar workers using a 10 week program of  power and aerobic training two times per 

week, plus self-exercising, found bigger improvements with a 12.2 % reduction in BF (%) (de 

Zeeuw et al., 2010). As for walking only, a study on sedentary civil servant workers found no 

effect on BF (%) with two weekly self-paced walking sessions for a period of eight weeks 

(Murphy et al., 2006). In the blue collar workers study, changes in weight were observed with 

weight loss of approximately 3% on average (Grandjean et al., 1996). In the self-paced walking 

study, no changes were observed in weight following the programs (Murphy et al., 2006). A 

4.6% reduction in BMI was reported in the white collar workers study (de Zeeuw et al., 2010). 

Li et al., (2006) conducted a 12 week intervention in work environment with aerobic, weight 

training and behavioral modification and found no effect on BMI levels (Li et al., 2006). A 

study using low-impact aerobic training for 12 weeks for university working women also found 
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no effect on BMI levels (Lee & White., 1997). An average weight loss of 0.6 kg and 1.4 kg was 

observed in the HIIT and BW groups in the present study. This weight loss trend in the groups 

did not reach significance. A higher weight loss in the BW group compared with the HIIT group 

can in part be explained by the point that the walking group lost 1.4 kg with total skeletal muscle 

mass (SMM) staying almost unchanged between measurements with 30.23 kg total SMM at 

pre-test and a 30.15 kg SMM at post-test. Changes in SMM were however close to reaching 

significance (p = 0.052) in the HIIT group with a trivial 1.4% increase in total SMM. The total 

SMM in the HIIT group increased from a mean of 28.77 kg at pre-test to 29.2 kg at post-test. 

The improvements in muscle gains in the HIIT group is relatively small and no firm 

assumptions should be drawn from this. An argument can however be presented that because 

of the inclusion of resistance based training exercises in the HIIT group training sessions, small 

improvements in SMM was achievable over the training period while also being able to lose 

fat-mass. A previous study (Carneiro et al., 2018) showed HIIT with body weight only 

resistance exercises achieving increases in muscle mass gains in a 12 week three times per week 

exercise intervention. Other works have shown that training that consists of both aerobic and 

resistance based exercises result in more body mass and fat (%) reductions, as well as increases 

in muscle gains, when compared with steady state aerobic training only (Wallace, Mills, & 

Browning, 1997; Dolezal & Potteiger, 1998). In those two studies, the training duration of the 

concurrent training protocols was however longer than the aerobic training only groups. The 

higher total MET´s per session in the HIIT group in the present study because of higher 

intensities along with the resistance based inclusion when compared with the BW group could 

therefore play a role in more substantial body composition improvements in the HIIT group. 

           In the BW group there was no differences observed in any of the six body composition 

factors. SMM (%) however reached near significant (p = 0.055) improvements in the BW 

group. Greater and more varied improvements for anthropometric and body composition with 
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training of higher intensities compared with lower intensities is in agreement with other 

research on the subject  (Lee, Park, Kim, Choi, & Kim, 2012; Bryner, Toffle, Ullrich, & Yeater, 

1997). Therefore, it is possible that intensity levels can be an important factor in body 

composition improvements in exercise of similar duration performed in work settings. The 

intensity levels and the association between the intensity of PA and exercise for health has been 

a subject of research. Research has demonstrated that heavy and vigorous intensity PA and 

exercise is more greatly associated with increases in life expectancy compared with PA and 

exercise of lower intensities. Lee & Paffenbarger, (2000) reported that intensity levels were a 

key factor in the association between physical activity and mortality regardless of energy 

expenditure, with light activities (<4 METs) having no association with mortality rates and (4-

6 METs) showing benefits regarding mortality rates. Those performing vigorous activities 

regularly (≥6 METs) had clear lower mortality risk benefits compared with those only 

participating in lower intensity activities (Lee & Paffenbarger, 2000). This has been backed by 

other research as well (Yu et al., 2003). It is possible this may be in part connected with more 

benefits associated with higher intensity PA in relation to the body composition factors, that 

some are known risk factors for various lifestyle diseases. 

          Large improvements (ES=1.27) and (ES=1.24) were observed in cardiorespiratory fitness 

(CRF) in the HIIT and the BW group respectively. Improvements in walking distance was 8.1% 

and 7.5% respectively in the HIIT and the BW groups. The results from the present study 

therefore demonstrates that changes in CRF are highly modifiable in as short a period as 12 

weeks. Various studies involving workplace exercise interventions have looked at the effects 

of the programs on CRF. Grandjean et al., (1996) found a 14.8% increase in estimated VO2max 

in their 24 week aerobic training intervention for blue collar workers (Grandjean et al., 1996). 

Oja et al., (1991) found improvements of 4.5% in VO2max from a daily 20 week walking or 

cycling to and from work intervention in Finnish sedentary workers (Oja et al., 1991). Li et al., 
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(2006) demonstrated improvements of  4.9% in a Chester Step Test (Sykes, 2018), in their 12 

week aerobic exercise, weight training and behavioral modification program for office workers 

(Li et al., 2006). de Zeeuw et al., (2010) found the largest improvements of these studies in their 

RCT of 10 week power and aerobic training for white-collar office workers with minimal 

symptoms of depression (de Zeeuw et al., 2010). In the study there was a 23.9% increase in 

estimated VO2max. It is interesting that de Zeeuw et al., (2010) found such a big improvement 

with only 10 weeks of two 60 minute sessions weekly. It should however be noted that the 

participants also increased their self-exercising frequency and volume at both moderate and 

vigorous intensity outside of work in the study period. Large improvements were also found in 

anthropometric and body composition with 12.2% reduction in BF (%) and a 4.5% decrease in 

BMI levels, pointing to big overall effort and improvements from the participants in the study 

period (de Zeeuw et al., 2010). Along with the present study, the studies presented above all 

show clear evidence for improvements in CRF in relatively short workplace exercise programs, 

with improvements ranging from 4.5%–23.9%. The different intensity levels in the HIIT and 

BW groups in the present study provides new knowledge pointing to that comparable gains in 

CRF in 12 weeks can be achieved for sedentary workers, with both HIIT and BW training 

implementation in the workplaces. It appears evident that considerable improvements in CRF 

are well within reach for sedentary workers with exercising either at vigorous or moderate 

intensities. CRF benefits seem to come at a faster rate and at a bigger proportionally sized effect 

than some other health related factors that have shown to be modifiable with health 

interventions. Possessing or achieving high CRF levels has been shown to be hugely beneficial 

to health in various ways such as cancer (Vainshelboim et al., 2017), heart disease, (Shah et al., 

2016), diabetes (Juraschek et al., 2015), hypertension (Juraschek et al., 2014), stroke (Hussain 

et al., 2018) and long term mortality (Mandsager et al., 2018; Myers et al., 2002). Low CRF 

has even been found a comparable or even a greater risk factor than established risk factors 
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such as coronary artery disease, smoking, and diabetes when looking at long-term mortality 

(Mandsager et al., 2018). The study suggests that health care professionals should encourage 

their patients to aim to achieve high cardiorespiratory fitness levels and maintain high levels of 

CRF as a crucial aspect of health (Mandsager et al., 2018). Achieving and maintaining high 

CRF levels could prove hugely beneficial to office workers spending large parts of their days 

sitting since research has demonstrated that restrictions in PA are associated with decreases in 

VO2 max in as brief as two weeks (Krogh-Madsen et al., 2010). As mentioned, restricting stride 

volume per day for previously active men from approximately 10.000 to 1.300 strides resulted 

in a decrease in VO2 max of 7% as well as reduced muscle mass and elevated blood pressure 

(Krogh-Madsen et al., 2010). Also, estimations show that office-based workers spend 

approximately 70–85% of working hours sitting (Edwardson et al., 2018). Making regular PA 

a part of a company’s culture where sitting is the norm at working hours could in this way be 

highly beneficial to the workers CRF health status since improvements in CRF seems to be a 

consistent finding with the implementation of exercise programs in work settings. It can even 

be argued if improvement in CRF would be the only possible improvement factor associated 

with exercise programs in the workplaces, this alone would be a highly validating evidence for 

applying exercise programs for office workers since high CRF is arguably the most important 

fitness component for health and mortality risk when looking at health, independent of age 

(Mandsager et al., 2018; Myers et al., 2002). 

5.2. Lipid levels and blood pressure 

In the present study, the BW group showed changes in triglyceride (TG) levels with large effect 

size (ES = 2.24). A near significant change was also found in TG levels (p = 0.05) in the HIIT 

group. Considerable research has been conducted on lipid profile in relation to exercise induced 

changes in workplace interventions. Three studies were found that measured TG levels before 

and after a workplace exercise intervention as was the case in the present study.  
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In their 24 week aerobic walking, jogging and cycling intervention, Grandjean et al., 

(1996) found no exercise induced changes in TG levels (Grandjean et al., 1996). No 

improvements were observed in TG in  a 12 week middle age female university workers 

exercise program (Lee & White, 1997). The same was the case in the eight week self-paced 

walking intervention for formerly sedentary civil servants study (Murphy et al., 2006). 

Although no changes were seen in other studies in work settings, the TG improvements in the 

present study is supported by other research that has shown that TG levels are modifiable in 

positive ways through physiologically exercise induced factors in exercise programs (Trejo-

Gutierrez & Fletcher, 2007; Fletcher et al., 2005; Aadahl, Kjaer, & Jørgensen, 2007). TG levels 

have been shown to be able to decrease from 7-37% with exercise interventions. Mean TG 

decrease has been reported to be 24% with exercise programs in research settings (Fletcher et 

al., 2005). 

Both the HIIT group and the BW group had trivial non-significant positive increases of 

HDL levels of 5% and 5.8% respectively. Previously, 11.7% improvements  in HDL levels 

were found  in 24 week aerobic walking, jogging and cycling intervention (Grandjean et al., 

1996). Another previous study in work settings found 5.6% improvements that were close to 

reaching significance in HDL cholesterol with a workplace PA intervention consisting of 

walking and cycling daily to and from work for a period of 10 weeks (Oja et al., 1991). No 

improvements were however found in HDL cholesterol levels in a 12 week exercise 

intervention program in middle age female university workers (Lee & White, 1997). The eight 

week self-paced walking intervention for formerly sedentary civil servants did also not show 

any effects on HDL or any other lipid measures (Murphy et al., 2006). Substantial evidence is 

also available on positive effects of exercise on HDL lipids in research (Trejo-Gutierrez & 

Fletcher, 2007; Fletcher et al., 2005; Mann, Beedie, & Jimenez, 2014; Thompson et al., 1997; 

Aadahl, Kjaer, & Jørgensen, 2007). HDL level changes from longitudinal exercise programs 
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can be expected to range from 4-18% with a mean of 8% change. It is possible in regards to the 

present study that for HDL levels, a more time was needed to see evident changes for the better 

and that with a longer training programs these levels would have continued to improve more. 

The HDL averages in the training groups in the present study were however already at desirable 

levels at above 1.5 mmol/L (Mayo Clinic, 2019), so no big changes were to be expected in this 

study. 

          No change was found in LDL and total cholesterol in the present study. No changes were 

also evident in the four studies found measuring either LDL and/or total cholesterol in 

workplace exercise studies (Grandjean et al. 1996; Lee & White., 1997; Oja et al., 1991; 

Murphy et al., 2006). No changes in workplace exercise interventions on LDL and total 

cholesterol levels in the current study is in agreement with other evidence that no changes are 

to be expected in total and LDL cholesterol from exercise induced effects alone (Fletcher et al., 

2005; Trejo-Gutierrez & Fletcher, 2007; Thompson et al., 1997; Aadahl et al., 2007).  For LDL 

and total cholesterol levels to change it has to be associated with substantial lowering of BF 

(%), weight loss or decreases in dietary fat intake (Fletcher et al., 2005; Trejo-Gutierrez & 

Fletcher, 2007). Although BF (%) reduced 3.1% in the HIIT group and some weight loss was 

evident in both groups, this does not appear to have been enough to achieve lowering of LDL 

and total cholesterol levels in the present study.  

          The findings that TG can be affected in as short as 12 weeks with three 30 minute per 

week training sessions is an interesting finding in relation to workplace exercise interventions 

and brings new data to the field. The standard management in treating abnormal lipid levels is 

through dietary changes and pharmaceutical drugs.  Exercise can provide a prudent component 

in maintaining and in some cases lowering of lipid levels, especially TG and HDL cholesterol. 

Researchers have mentioned that even with the intake of drugs for lipid lowering purposes, the 

dosage can be lowered or in some cases even stopped with continued exercise, especially if 
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weight loss is associated with the exercise (Fletcher et al., 2005). Research has demonstrated 

that improvements in lipid levels do not seem to be so much associated with either intensity of 

exercise or fitness levels (Kraus et al., 2002). What appears to matter most is consistent training. 

The amount of training is therefore crucial. This is evident in the present study showing no 

superior effect of the HIIT training in lipid changes.  

In the present study no significant improvements was observed in BP levels. The trend 

was however towards improvements in the training groups, especially in diastolic BP. The 

diastolic blood pressure mean in the HIIT group decreased 3.2% after the program and a mean 

decrease of 3.5% was observed in the BW group. The systolic BP stayed almost unchanged 

following the two programs. Two workplace PA/exercise interventions were found that 

measured the effects of workplace PA on blood pressure levels of participants. The sedentary 

civil servant, self-paced walking study found improvements of 4.5% in systolic BP but no 

changes in diastolic BP (Murphy et al., 2006). These improvements were observed after eight 

weeks of self-paced walking. Previously, another study found  no improvements compared with 

controls in systolic BP in a 12 week exercise intervention program in middle age female 

university workers (Lee & White, 1997). A non-significant 3.8% change was observed in 

diastolic BP in that study (Lee & White, 1997). More recently de Zeeuw et al., (2010) found 

non-significant improvements of 4.2% and 3.1% for systolic and diastolic BP in their 10 week 

power and aerobic training RCT for white-collar office workers with minimal symptoms of 

depression (de Zeeuw et al., 2010). When looking at the former work and the results of the 

present study it is not conclusive to which degree BP levels can be affected in relatively short 

workplace exercise interventions. The trends in these studies however point to some 

improvements in BP levels associated with the exercise. There is no conflictions about the 

possible BP lowering impacts of exercise. The impact of exercise on BP levels has frequently 

been a subject of research. A review looking at the impact of exercise on BP from 54 RCT´s 
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demonstrated that aerobic exercise can reduce both systolic and diastolic BP in people with and 

without elevated BP levels (Whelton et al., 2002).  

5.3. Mental health and quality of life 

In this study the BW group showed changes in depressive symptoms with large effect size (ES 

= 0.59) using the DASS questionnaire. A 64% reduction was seen in depressive scores 

compared with baseline values. Near significant improvements (p = 0.057) with 39% 

improvements and (p = 0.052) with 37% improvements were also seen in stress and total scores 

in the DASS questionnaire in the HIIT group. The DASS scale has categories of mild, moderate, 

severe and extremely severe. Mild symptoms in these categories imply that the individual is 

above average in the DASS scale in comparison to a population, but well below compared with 

the severity when individuals typically seek counseling or help (“Depression Anxiety Stress 

Scales - DASS,” 2018).  The mean for any of the groups in all factors related to psychological 

distress in the present study is well below cut-off scores for even mild symptoms for depression, 

anxiety and stress. It is therefore interesting to note these positive changes in DASS scores 

stated above, despite low baseline psychological distress values. With this in mind, possible 

floor effects might explain why some other levels for psychological distress improvements did 

not reach significance. It should be noted that a trend was also towards improvements in the 

CG for psychological distress levels, although more trivial than in the training groups.  

          There is some data available in the literature about psychological distress in workers that 

can be used in comparison to the present study. As for depression, two RCT´s in workplace 

exercise studies have demonstrated improvements in depressive symptoms following 

workplace PA interventions. A 24 week aerobic exercise, weight training and behavioral 

modification study on Casino workers found small improvements (ES = 0.16) in depressive 

symptoms for the participating employees (Atlantis et al., 2004). The depressive scores reduced 

by 59% compared with baseline values in the study. A more recent RCT with 10 week power 
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and aerobic training for white-collar office workers with minimal symptoms of depression, 

found large improvements (ES = 0.9) with 50% lower values in depressive scores at post-test 

compared with baseline (de Zeeuw et al., 2010). As noted, the present study also found 

improvements with a large effect size (ES = 0.59) and 64% reduction in depressive scores in 

the BW group. The improvements in depressive symptoms are therefore in agreement with the 

two above RCt´s. It is possible that with more subjects, significant improvements in the HIIT 

group would have emerged as the trend was towards improvement in that group, as well with 

the HIIT group that showed 37% lower post-test scores in depressive symptoms compared with 

baseline. It is however interesting to note that earlier studies have reported that outdoors PA 

can be more beneficial for depressive symptoms than indoor PA (Thompson Coon et al., 2011; 

Frühauf et al., 2016). This can relate to the present study with the HIIT training performed 

indoors and the BW performed outdoors. 

          There is limited evidence on improvements in stress scores as an effect of PA workplace 

interventions according to a systematic review of workplace physical activity interventions and 

outcome for mental health factors (Chu, Koh, Moy, & Müller-Riemenschneider, 2014). As 

mentioned earlier, there was a near significant improvement (p = 0.057) with a 37% decrease 

in stress symptoms scores found in the HIIT group in the present study. In the 24 week casino 

workplace exercise RCT a large (ES = 0.56), with a 53% decreases was observed in stress 

scores with the DASS questionnaire (Atlantis et al., 2004). No effect was found in a 10 week 

inactive insurance company employee aerobic exercise study (Gronningæter et al., 1992). 

Resistance, aerobic and stretching intervention in laundry workers did also not show changes 

in stress scores (Nurminen et al., 2002). Similarly, a 15 week light resistance exercise 

intervention in office workers did not show changes in stress scores  (Sjögren et al., 2006).  

          No effects were observed in regards to anxiety symptoms in the present study. The 

evidence for anxiety improvements in workplace PA interventions is not conclusive. The 
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studies that were found on exercise in work settings did not show the same effective results as 

systematic reviews that were conducted on anxiolytic effects of exercise from non-work 

settings (Jayakody et al., 2014). Available studies have shown no difference in anxiety 

following PA and exercise programs in work settings. No effects were found for anxiety in the 

24 week casino workplace exercise RCT using the DASS questionnaire (Atlantis et al., 2004). 

No effect was found in a 10 week aerobic exercise study for inactive insurance company 

employees (Gronningæter et al., 1992). The same was true for a 15 week light resistance 

exercise intervention in office workers (Sjögren et al., 2006). A recent systematic review of 

workplace PA interventions and outcome for mental health factors reported that available data 

on workplace PA for improving anxiety was in contrast with available data on impact of PA for 

anxiety disorders in research literature (Chu et al., 2014). One possible explanation for this is 

that improvements outside of work environment has usually been found in individuals battling 

anxiety disorders (Jayakody et al., 2014), earlier research has indicated possible anxiolytic 

effects of exercise in healthy subjects (Ströhle, 2009). In workplaces, most individuals are 

usually not battling these disorders as only a relatively small percentage of individuals are 

dealing with anxiety disorders at a given time (Bandelow & Michaelis, 2015). Therefore, it is 

possible that because of low baseline anxiety levels, the effects of PA for workers on anxiety 

levels will not be as clear as with individuals who are battling anxiety disorders, which usually 

is the case in clinical settings when the objective is to measure effects of exercise on anxiety.   

Although no firm assumptions should be drawn from the present study in terms of 

psychological benefits, it seems that levels related to symptoms of psychological distress have 

been affected in positive ways in the 12 week study period. All levels of psychological distress 

measured with the DASS questionnaire showed trends toward improvements in both training 

groups, although those mentioned above were the only ones showing significant or near 

significant improvements. 
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At post-measurements compared with baseline no HRQol differences were observed 

across the study groups on the SF-36 Health Survey in the present study, neither in mental or 

physical health. No norms were found for SF-36 scores in Icelandic population but in the 

present study the participants HRQol scores were high compared with averages for adults in 

SF-36v2 scores measured, both in Western Europe and US populations (Maglinte, Hays, & 

Kaplan, 2012; Ellert & Kurth, 2013). Studies measuring QOL following PA interventions in 

workplace settings have reported contrasting results. Atlantis et al., (2004) found improvements 

in seven of eight quality of life assessments in their 24 week casino employee aerobic exercise, 

weight training and behavioral modification RCT using the SF-36 as a measurement tool for 

HRQol. Effect was seen for all SF-36 parts except role physical in the casino employee study 

(Atlantis et al., 2004). The authors reported that those participants scoring lower on the SF-36 

at baseline had the biggest improvements in scores. Those with good HRQol scores at baseline 

did not report such improvements between tests, which might point to possible ceiling effects 

in the present study. The mean baseline scores for each part of the SF-36 were higher in all 

cases in the present study compared with baseline scores for participants in the 24 week casino 

study (Atlantis et al., 2004). In Brox & Frøystein, (2005) RCT no differences in HRQol were 

observed between pre- and post-tests with the COOP-WONCA charts (Kinnersley, Peters, & 

Stott, 1995), as measurement for HRQol. The study found no differences in HRQol in 

Norwegian nursing home employees following an exercise intervention related to the 

workplace (Brox & Frøystein, 2005). The results of the two above RCT´s are therefore in 

disagreement. This might be explained by differences in study design and attendance issues. In 

the nursing home study the average attendance was only 12 classes total over the study period 

of six months. This adds to an average of two classes attended per month for the participants in 

the study over the study period. With such a low attendance and such few monthly sessions it 

can be argued that it is not surprising to find no improvements over a six month period. In the 
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casino employee study the attendance was higher with more frequent classes with each 

participant prescribed three aerobic exercise sessions of 20 minute duration per week and at 

least two resistance based sessions per week on top of that for a period of 24 weeks (Atlantis et 

al., 2004). This suggests that the amount and frequency of exercise is an important factor in 

HRQol benefits from exercise in work settings and that with frequent exercise and sufficient 

length of training programs, positive results can be attained in HRQol in work settings. In 

research unrelated to the workplaces, considerable data on positive impact of exercise on 

HRQol is available. The most frequent research on this subject has been in clinical settings and 

rehabilitation. Considerable improvements in HRQol have been noted in clinical settings with 

patients in rehabilitation following exercise interventions (Beniamini, Rubenstein, 

Zaichkowsky, & Crim, 1997; Quittan, Sturm, Wiesinger, Pacher, & Fialka-Moser, 1999;  Yu, 

Li, Ho, & Lau, 2003). 

5.4. Limitations 

There were several limitations found in the current study. The first limitation was the small 

sample size in each of the three groups. A total of 47 participants attended pre-test 

measurements with 11 of whom participating in the CG. Out of 36 participants that started the 

programs, 24 attended at least 66.6% of the sessions which was set as the participation 

minimum for the study data. Therefore, the total number for the study data was 34 participants 

in the three groups (12 HIIT, 11 BW and 11 CG). With this in mind, 13 subjects that attended 

at least one session were not able to reach the participation minimum because of either a busy 

working schedule or a lack of desire to attend more sessions. Part of the attendance problem 

was that for some participants work related meetings, business trips and other work  related 

tasks sometimes overlapped with the training times making it difficult for some participants to 

take part in majority of the training sessions. More subjects in the three groups would have 

given the study bigger statistical power. The second limitation was that in the training groups 
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the majority of participants were female (n = 19) with only five males involved in the training 

group data. This makes the training group gender ratio uneven. In the CG the gender ratio was 

more even with five females and six males participating. The third limitation was that seasonal 

differences in Iceland also make it possible for psychological and quality of life components to 

be effected in non-controllable ways when comparing psychological pre- and post-tests 

performed in different seasons of the year. Finally, a fourth limitation of the present study was 

that the CG was not randomized like the two training groups. The CG consisted of employees 

that were willing to take part in measurements only. A part of the CG had to be filled after the 

project was under way and the questionnaires therefore answered at different time compared 

with other subjects. The time between pre- and post-measurements was also longer for those 

six subjects compared with others because of overlap with summer vacations.  

 

5.5. Conclusions 

The conclusions of this study were: 

1. Improvements can be achieved in several body composition factors in as short as 12 

weeks with a three times 30 minute exercise sessions weekly in working hours in 

sedentary work settings. High intensity exercise is necessary to achieve clear benefits 

in this period in relation to body composition.  

2. Substantial improvements can be achieved in cardiorespiratory fitness in as short as 12 

weeks in sedentary workers. Cardiorespiratory fitness appears to be highly modifiable 

in healthy sedentary workers with both HIIT and BW training. 

3. Improvements in TG levels are achievable in 12 weeks for sedentary workers with 

workplace exercise. Amount of exercise but not intensity seem to be what matters when 

improving TG levels.  
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4. Psychological distress levels were affected in positive ways in the study period, even 

with very positive mean baseline mean scores for symptoms of depression, anxiety and 

stress, while HRQol scores were not clearly affected in the study period. 

5. Several health related parameters appear to be effected in positive ways in as short as 

12 weeks as the present study suggests. This points to important improvements in the 

health status of the participating employees. 

5.6. Future research 

Future research could aim to evaluate if health programs such as the one in this study can be 

sustainable for a longer period and measure the health related effects of longer programs. With 

longer programs it would be interesting to see whether health parameters measured would 

continue to improve more than it improved over a 12 week period and if some of those 

parameters that did not improve would start improving with a longer program.  

          Another area that would be interesting to investigate is if programs like the one in the 

present study will affect job satisfaction and workplace moral. It was frequently mentioned by 

the participants in the present study that good moral and good atmosphere was a byproduct of 

training together as a group three times per week. In the present study not all participants knew 

each other well at the start of the interventions since participants where working in different 

departments at the company. It was for example mentioned that it was enjoyable for the 

participants to connect with and get to know employees of different departments in the company 

which they otherwise would not be in regular communication with. This can build a different 

kind of connection between workers than traditional work environment can offer. This was one 

of the upsides of the intervention and it would be interesting to measure if interventions like in 

the present study could affect job satisfaction and work place moral through these mechanisms. 

          In the original study design the idea was to only include participants in the study who 

performed none or only trivial exercise in their daily life. Because of insufficient number of 
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individuals signing up who fit this category of being both sedentary at work and outside of 

work, the only conditions for signing up was to work in a sedentary office job. It is possible 

that with only participants working sedentary jobs and living almost exclusively sedentary 

lifestyles outside the job as well, the results would have been different in some ways. With a 

sufficient amount of participants, future research could compare whether sedentary workers 

who are physically active outside work and get sufficient amount of weekly PA would benefit 

as much from a workplace exercise intervention as sedentary workers who do not get sufficient 

PA outside of work.  
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