
Tampere University Dissertations 1268

Physical Activity, Physical 
Fitness and Health among 

Military Employees 
Utilizing an accelerometer linked  

to a smartphone application for enhancing  
physical activity and health among military employees

EMILIA PIETILÄINEN 





Tampere University Dissertations 1268 

EMILIA PIETILÄINEN 

Physical Activity, Physical Fitness and 
Health among Military Employees 

Utilizing an accelerometer linked 
to a smartphone application for enhancing 

physical activity and health among military employees 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ACADEMIC DISSERTATION 
To be presented, with the permission of 

the Faculty of Medicine and Health Technology 
of Tampere University, 

for public discussion in the auditorium Tiera 
of the Santasport Olympic Training Center, Hiihtomajantie 2, Rovaniemi, 

on the 19th of September, at 12 o’clock. 
  



ACADEMIC DISSERTATION 
Tampere University, Faculty of Medicine and Health Technology 
Finland 
 
 
 
Responsible 
supervisor 
and Custos 

Professor emeritus Kai Parkkola 
Tampere University 
Finland 

 

Supervisor Professor Heikki Kyröläinen 
University of Jyväskylä 
Finland 

 

Pre-examiners Docent Arja Uusitalo 
University of Helsinki 
Finland 

Professor Dieter Leyk 
German Sport University Cologne 
Germany 

Opponent Professor Mikko Tulppo 
University of Oulu 
Finland 

 

 
 
 
 
 
 
 
 
The originality of this thesis has been checked using the Turnitin Originality service. 
 
 
Copyright ©2025 author 
 
Cover design: Roihu Inc. 
 
 
ISBN 978-952-03-4005-6 (print) 
ISBN 978-952-03-4006-3 (pdf) 
ISSN 2489-9860 (print) 
ISSN 2490-0028 (pdf) 
http://urn.fi/URN:ISBN:978-952-03-4006-3 
 

Carbon dioxide emissions from printing Tampere University 
dissertations have been compensated. 
 
 

PunaMusta Oy – Yliopistopaino 
Joensuu 2025 



 

3 

Dedicated to the living: 

 

To my son Joel, who has clarified the meaning of life for 

me 

 

To my spouse Jake and my parents; without their help and 

support my dissertation would never have been finished 

 

 

 

“There is only one way to eat an elephant: a bite at a 

time.”  

 

– Desmond Tutu 

 

 

 

And in memory of those loved ones who abruptly passed 

away and made me struggle through this process heavy-

hearted: 

 

 

In memory of my little sister, Mimmi Pietiläinen, who 

passed away all too soon in 2018 

 

In memory of Sean Caffrey, whose sudden passing in 2023 

made my sister Riikka a widow and left her son fatherless 

 

 

 

“Happiness can be found, even in the darkest of times, if 

one only remembers to turn on the light.”  

 

- Albus Dumbledore in Harry Potter and the Prisoner of 

Azkaban 



 

4 

 

 



 

5 

ABSTRACT 

   National defense is challenged by the Western lifestyle. Cardiometabolic risk is 

increased by inactivity, obesity, high blood pressure, and elevated lipid and glucose 

levels, as well as by tobacco use. In contrast, physical activity has been shown to 

improve both health and performance among healthy adults. This study examined 

the health, physical activity, and fitness of military employees, concentrating on 

comparisons between soldiers and civilians working in a military workplace. 

Additionally, the present study aimed to develop a physical activity intervention 

utilizing an accelerometer linked to smartphone app technology combined with 

telephone counseling and exercise during working hours and investigated its effects. 

The objective was to increase physical activity and improve body composition, 

cardiometabolic health, physical fitness, and work ability, and reduce stress in 

military employees during a six-month intervention and a subsequent six-month 

follow-up period. 

 

   A total of 260 military employees from six brigades in Finland were included in 

the present study. The health of the employees was assessed by body composition, 

cardiometabolic biomarkers from laboratory samples, and a questionnaire 

concerning lifestyle habits, as well as experienced stress and work ability. Body mass, 

body mass index, fat percentage, and waist circumference were measured to assess 

body composition. Moreover, physical activity was examined by using accelerometer 

recordings for two weeks, and physical fitness was measured with aerobic and muscle 

fitness tests. Further, upper-quartile active participants and lower-quartile passive 

participants were compared using mean daily step counts. In total, 158 participants 

were randomized into the intervention group and 101 into the control group. The 

intervention group used accelerometers linked to a smartphone application to 

measure daily physical activity and quality of sleep for six months. They received 

feedback from these measurements via the smartphone application, were 

encouraged to exercise for two hours a week during working hours, and took part in 

telephone counseling. The control group continued their normal exercise routines 

without using accelerometers or receiving feedback. All the participants were 

measured at the baseline, six-month follow-up after the intervention, and at the 
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twelve-month follow-up six months after the end of the intervention. At the six-

month follow-up, the control group performed only the accelerometer 

measurements. 

   When standardized by sex, there were no differences between the soldiers and 

civilian employees except for differences in the muscle fitness test, in which the 

soldiers performed better. The mean ±SD moderate-to-vigorous physical activity 

was 0.9 ± 0.3 h/day for male soldiers and 1.0 ± 0.4 h/day for male civilians, and 

respectively, sedentary behavior was 9.5 ± 1.4 h/day for the male soldiers and 8.9 ± 

1.7h/day for the male civilians. The mean ±SD low-density lipoprotein values were 

3.28 ± 0.84 mmol/l in the male soldiers and 3.36 ± 0.86 mmol/l in the male civilians. 

There were statistically significant differences in body composition, physical fitness, 

insulin, fasting glucose, triglycerides, and high-density lipoprotein values between the 

upper-quartile active participants and lower-quartile passive participants, but there 

was no difference in low-density lipoprotein or glycated hemoglobin values. 

Furthermore, there were no differences between the intervention and control groups 

in changes in physical activity. The daily standing time (mean ±SD) tended to 

increase (by 18 ± 40 min/day (t = 1.92, p = 0.056) during the twelve months among 

the intervention group, but without a difference between the intervention and 

control groups. Moderate-to-vigorous physical activity (p < 0.001) and daily step 

count (p = 0.002) increased, and sedentary behavior (p < 0.001) decreased from 

baseline to six-month follow-up. However, physical activity decreased back to 

baseline by the twelve-month follow-up. The fitness index improved during the 

twelve-month follow-up (p = 0.044), but without a difference between the 

intervention and control groups. Further, the maximal oxygen uptake tended to 

increase during the twelve-month follow-up in the intervention group compared to 

the control group (interaction effect of group and time t = 2.01, p = 0.052).  

   In conclusion, sedentary behavior and elevated low-density lipoprotein values 

increase cardiometabolic disease risk among military employees, even if they meet 

the physical activity demands. The intervention did not succeed in increasing 

physical activity, but it showed potential in increasing daily standing in the long term. 

However, further studies with larger sample sizes should be conducted to evaluate 

the generalizability of the current findings. 
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TIIVISTELMÄ 

   Länsimainen elämäntyyli haastaa kansallisen puolustuskyvyn. Liikkumattomuus, 

lihavuus, korkea verenpaine, koholla olevat glukoosi- ja lipidiarvot sekä 

tupakkatuotteiden käyttö lisäävät kardiometabolisten sairauksien riskiä. Fyysisen 

aktiivisuuden on toisaalta osoitettu parantavan terveyttä ja työkykyä terveillä 

aikuisilla. Tämän tutkimuksen tavoitteena oli tutkia puolustusvoimien työntekijöiden 

terveyttä ja fyysistä aktiivisuutta sekä vertailla siviili- ja sotilashenkilöstä keskenään. 

Lisäksi tutkimuksen tavoitteena oli kehittää fyysistä aktiivisuutta, 

älypuhelinsovellukseen yhdistettyä kiihtyvyysanturiteknologiaa, puhelimitse 

tapahtuvaa neuvontaa sekä työaikaliikuntaa hyödyntävä interventio ja tutkia sen 

vaikutuksia. Kehitetty interventio pyrki lisäämään fyysistä aktiivisuutta, parantamaan 

näin kehonkoostumusta, glukoosi- ja lipidiaineenvaihduntaa, edistämään fyysistä 

kuntoa, työkykyä sekä vähentämään stressiä puolustusvoimien henkilöstön 

keskuudessa kuusi kuukautta kestävän interventiojakson sekä sitä seuranneen 

kuuden kuukauden seurantajakson aikana. 

 

   Tutkimukseen osallistui 260 työntekijää kuudesta eri joukko-osastosta ympäri 

Suomea. Tutkittavien terveyttä arvioitiin mittaamalla kehonkoostumusta, glukoosi- 

ja lipidiaineenvaihduntaa ilmentävillä biomarkkereilla verinäytteistä ja kyselyllä, jolla 

selvitettiin tutkittavien elintapoja sekä työkykyä ja koettua stressiä. 

Kehonkoostumusta mitattiin käyttäen kehon painoa, painoindeksiä, rasvaprosenttia 

ja vyötärön ympäryksen mittausta. Fyysisen aktiivisuuden mittaamiseen käytettiin 

kahden viikon kiihtyvyysanturimittauksia ja fyysistä kuntoa tutkittiin aerobisen- ja 

lihaskuntotestin avulla. Fyysisesti aktiivisin ja passiivisin neljännes tutkittavista 

määriteltiin päivittäisen askelmäärän perusteella ja näin luotujen ryhmien tuloksia 

vertailtiin myös keskenään. Tutkittavista 158 satunnaistettiin interventioryhmään ja 

101 kontrolliryhmään. Interventioryhmä käytti fyysistä aktiivisuutta ja unen laatua 

mittaavaa kiihtyvyysanturia kuuden kuukauden ajan. He saivat mittauksista 

palautteen älypuhelinsovelluksen kautta, heitä kannustettiin liikkumaan kaksi tuntia 

viikossa työajalla ja he osallistuivat puhelimitse annettuun liikuntaneuvontaan. 

Samaan aikaan kontrolliryhmä jatkoi normaalia liikuntarutiiniaan ilman 

kiihtyvyysanturia tai palautetta. Kaikki tutkittavat osallistuivat mittauksiin 
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lähtötilanteessa, interventioryhmän päätettyä kuuden kuukauden interventionsa ja 

kuusi kuukautta intervention päättymisestä. Kontrolliryhmä osallistui vain kahden 

viikon kiihtyvyysanturimittauksiin kontrollipisteessä intervention jälkeen. 

   Kun tulokset standardoitiin sukupuolen mukaan sotilaiden ja siviilien välillä ei 

havaittu eroa lukuunottamatta lihaskuntotestiä, josta sotilaat saivat paremmat 

tulokset. Miessotilailla keskimääräinen ±SD rasittavan fyysisen aktiivisuuden määrä 

päivässä oli 0.9 ± 0.3 tuntia/päivä ja miespuolisilla siviileillä vastaava määrä oli 1.0 ± 

0.4 tuntia/päivä. Keskimääräinen passiviinen aika puolestaan oli miessotilailla 9.5 ± 

1.4 tuntia/päivä ja miespuolisilla siviileillä 8.9 ± 1.7 tuntia/päivä. Keskimääräiset ± 

SD LDL-kolesterolin pitoisuudet olivat miessotilailla 3.28 ± 0.84 mmol/l ja 

miespuolisilla siviileillä 3.36 ± 0.86 mmol/l. Vertailtaessa keskenään fyysisesti 

aktiivisinta ja passiivisinta neljännestä tutkittavista tilastollisesti merkitsevä ero 

havaittiin kehonkoostumuksessa, fyysisessä kunnossa, insuliiniarvoissa, 

paastosokeriarvoissa, triglyseridiarvoissa ja HDL-kolesteroliarvoissa, mutta ei LDL-

kolesteroliarvoissa tai HbA1c-arvoissa. Fyysisen aktiivisuuden muutoksissa ei ollut 

tilastollisesti merkitsevää eroa interventio- ja kontrolliryhmien välillä. Kuitenkin 

kahdentoista kuukauden seuranta-aikana päivittäinen seisomisaika lisääntyi 

interventioryhmässä keskimäärin ± SD 18 ± 40 min/päivä, mutta ero ei ollut 

merkitsevä interventio- ja kontrolliryhmien välillä (t = 1.92, p = 0.056). Rasittava 

fyysinen aktiivisuus (p < 0.001) ja askelmäärä (p = 0.002) lisääntyivät 

interventiojakson aikana ja passiivinen aika (p < 0.001) vähentyi. Kuitenkin nämä 

tulokset laskivat takaisin lähtötasolle seuranta-ajan loppuun mennessä. Kuntoindeksi 

parani (p = 0.044) kahdentoista kuukauden seurannan aikana, mutta ilman 

tilastollisesti merkitsevää eroa intervention- ja kontrolliryhmien välillä. 

Maksimaalinen hapenottokyky parani interventioryhmässä kontrolliryhmään 

nähden, mutta ero ryhmien välillä ei ollut tilastollisesti merkitsevä (t = 2.01; p = 

0.052).  

   Fyysinen passiivisuus ja koholla olevat LDL-kolesteroliarvot lisäävän sydän- ja 

verisuonisairauksien riskiä puolustusvoimien henkilöstössä riippumatta 

liikuntatottumuksista. Lisäksi kehitetty interventio osoitti potentiaalinsa seisomisajan 

lisäämisessä pitkällä aikavälillä. Jatkotutkimuksia isommalla otoskoolla kuitenkin 

tarvitaan, jotta voidaan arvioida nykyisten löydösten yleistettävyyttä.    
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1 INTRODUCTION 

   The health and performance of military employees have an important role in 

securing good national defense. Still, previous studies from different countries 

(Knapik et al., 2017; Leyk et al., 2015; Rasmussen et al., 1999; Sørensen et al., 1997) 

have revealed concerning results in terms of the health, physical activity, and physical 

fitness of military personnel. A study conducted among German soldiers has shown 

increasing portions of overweight and unfit soldiers. Furthermore, studies of male 

soldiers in their mid-careers and late careers have reported prevalences of 

cardiovascular risk factors at the same level as the civilian population (Leyk et al., 

2015). Similar findings have been gained from other Nordic countries (like Denmark 

and Sweden) regarding overweight and aerobic physical fitness (Rasmussen et al., 

1999; Sørensen et al., 1997). Moreover, aerobic performance has declined among 

U.S. Army recruits (Knapik et al., 2017). These results are in line with the results 

gained from a reservist study in Finland in 2015, showing one-third of the 

participants to be overweight and 10% to be obese. Also, over half of them did not 

achieve the minimum requirements for the aerobic fitness required in order to be fit 

for mobile warfare (Vaara & Kyröläinen, 2016). Even military employees in Finland 

have been shown to have inadequate physical activity habits, while a wide survey 

done among the Finnish Defence Forces (FDF) personnel reported that only 51% 

of them exercise at least three times a week (Pihlainen, 2010).  

 

   In the military workplace, soldiers’ tasks and duties have higher physical 

performance demands than civilian tasks, which mostly consist of office or logistics 

work. Regardless of the profession, the physical inactivity and health issues of the 

personnel might threaten national defense. An inactive lifestyle, stress, obesity, high 

blood pressure, high cholesterol levels, diabetes, smoking, and the use of other 

tobacco products all increase cardiovascular disease risk (Bremner et al., 2020; 

Piepoli et al., 2016). Moreover, even one risk factor, such as being overweight, 

physical inactivity, or smoking, has been shown to reduce physical fitness in young 

soldiers, and any further risk factors lead to a further decline in physical fitness (Leyk 

et al., 2015). 
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   To achieve optimal performance at work, the cardiometabolic risk factors must be 

at their lowest related to the workload (Arthur et al., 2023). Physical activity has been 

shown to improve cardiometabolic health (Lin et al., 2015; Pengcheng et al., 2013; 

Pešek, 2011) as well as have positive effects on work ability (Lusa et al., 2020). Added 

to this, stress has been shown to have negative effects on work ability and 

productivity (Goedhard & Goedhard, 2005; Marcatto et al., 2022) as well as 

cardiometabolic health (Kamarck et al., 1997; Stone et al., 1999). However, physical 

activity relieves stress by physiological mechanisms and by improving self-efficacy, 

self-esteem, and one’s predisposition to social interactions (Wijndaele et al., 2007). 

   While physical activity is shown to play a key role in improving physical fitness, 

health, and work ability, interventions utilizing physical activity might help to 

improve the performance and well-being of military employees. Positive results have 

previously been achieved with interventions exploiting physical exercise during the 

workday (Dalager et al., 2016; Prieske et al., 2019; Proper et al., 2003; Puig-Ribera et 

al., 2015; Sjøgaard et al., 2016). Also, interventions using accelerometers with online 

feedback and smartphone techniques have been shown to improve physical activity 

habits in civilians and adolescents (Bort-Roig et al., 2014; Goode et al., 2017; Guthrie 

et al., 2015; Hodkinson et al., 2019). The interventions utilizing smartphone-linked 

accelerometers serve as an opportunity for precise prevention, while the concept 

enables the possibility for tailored constant feedback on physical activity of the 

participants (Mess et al. 2024). 

   The FDF have already made an effort to activate its personnel to maintain their 

required performance. The FDF have developed a set of guidelines to activate their 

employees, and one of the measures in the guidelines is to offer the opportunity to 

exercise during working hours for two hours a week (Honkamaa & Hyppönen, 

2014). Still, additional actions are needed to promote the health and physical activity 

of the employees working in the FDF. The present study aimed to develop and 

perform an intervention to increase the physical activity of employees in military 

settings. The developed intervention utilized an interactive accelerometer with a 

smartphone application, telephone counseling, and encouragement to take 

advantage of already existing possibility to exercise for two hours a week during 

working hours. The objectives of this study were to improve health outcomes, 

physical activity habits, physical fitness, reduce experienced stress, and improve work 

ability. Additionally, another goal was to investigate the existing cardiometabolic risk 

factors, objectively measured physical activity, and physical fitness of the FDF 
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employees. While the work tasks differ between soldiers and civilian employees, the 

study compared the results between these professional groups. Another aim of the 

study was to examine the connections between physical activity, cardiometabolic risk 

factors, experienced stress, physical fitness, and working capability. With the help of 

the results from three different studies, the aim was to suggest recommendations on 

how to improve the health, physical activity habits, performance, and work ability of 

military employees as well as point out the possible health issues among the 

personnel in order to target the measures that are necessary to improve their well-

being. 
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2 A REVIEW OF THE RELATED LITERATURE 

2.1 PHYSICAL ACTIVITY AND EXERCISE 

   Physical activity is defined as bodily movement, which is produced by skeletal 

muscles and causes energy expenditure (Malina et al., 1998). Further, physical activity 

can be categorized into leisure-time physical activity, commuting physical activity, occupational 

physical activity, and domestic physical activity. A leisure-time physical activity is defined as 

an activity that takes place in discretionary time and produces any substantial increase 

in total daily energy expenditure. It is characterized by actions based on personal 

needs and interests. An occupational physical activity is considered an activity during 

working hours at a workplace, and it usually includes prolonged activity or activity 

with sedentary bouts under adverse circumstances. A commuting physical activity is 

defined as an activity that is performed when travelling to work and back home or 

when running errands. Domestic physical activity is activities done around home 

(Vaara et al., 2014). Kilojoules (kJ) or kilocalories (kcal) are used to measure the 

energy required to accomplish an activity, and 4184 kJ is equivalent to 1 kcal.   

   Exercise has common elements with physical activity; both involve any bodily 

movement performed by skeletal muscles that expend energy, and both are 

measured using kilocalories with kilocalorie expenditure ranging from low to high. 

However, exercise is a subcategory of physical activity and is determined as a physical 

activity that is planned, structured, repetitive, and aims to improve or maintain 

physical fitness (Caspersen et al., 1985). 

   The metabolic equivalent of a task (MET) is used to measure the intensity of 

physical activity. A MET is defined as the resting metabolic rate, which is the amount 

of oxygen consumed at rest, approximately 3.5 ml O2/kg/min (1.2 kcal/min for a 

70 kg person) (Jetté et al., 1990). When a physical activity requires <3 METs 

(requiring less energy than three times the resting metabolism), it is considered light 

physical activity (LPA). When the intensity of a physical activity reaches ≥3 METs 

(requiring energy at least three times the resting metabolism), it is considered 

moderate to vigorous physical activity (MVPA) (Chastin et al., 2019). 



 

24 

2.2 MEASURING PHYSICAL ACTIVITY 

2.2.1 Self-reported questionnaires, self-report diaries or logs, and direct 
observation 

   Self-reported questionnaires are most commonly used in physical activity 

assessment (Castillo-Retamal & Hickson, 2011), and they rely on the recall ability of 

the participants. They are cost-effective and easily administrated, accurate at 

measuring intense activity, determining categories of activity level (e.g., ranging from 

low to high), ranking individuals in their physical activity, providing details about 

physical activity, and showing improvement (Besson et al., 2010; Ishikawa-Takata et 

al., 2008; Strath et al., 2013). The limitations of self-reported questionnaires are that 

they are not so good at measuring light or moderate physical activity (Ishikawa-

Takata et al., 2008), evaluating energy expenditure (Shepard, 1999), and are 

dependent on written language (i.e., questions) (Lassenius et al., 2013) and external 

factors (i.e., social desirability, the complexity of the questionnaire, age, and seasonal 

variation) (Niela-Vilen et al., 2022; Strath et al., 2013). They are also more reliable at 

the group level than at the individual level (Westerterp, 2009) and tend to exaggerate 

the amount of daily physical activity (Neil-Sztramako et al., 2017; Schreurs et al., 

2006). 

   When using self-report activity diaries or logs, the participants are required to 

record their physical activity in real time. This provides detailed data and is less 

affected by recall errors, social desirability bias, and measurement bias compared 

with self-report questionnaires (Sallis, 1991; Tudor-Locke et al., 2007; van der Ploeg 

et al., 2010). Still, the diary can be burdensome, especially for individuals who have 

cognitive dysfunctions (Rachele et al., 2012). If the diaries are not completed in real 

time, they could be subject to memory bias (Ling et al., 2011; Strath et al., 2013). 

   In direct observation, an independent observer monitors and records physical 

activity, and it is used when activity is restricted to a set space (Sleap & Warburton, 

1996). It is commonly used for young children as they have difficulty remembering 

their physical activity (Anderssen et al., 1995). This method gathers contextual 

information about, for example, the preferred location, time, and clothing, as well as 

details of the physical activity (e.g., the type of activity and personalized variations of 

activities). However, as a method, direct observation costs lots of time and energy 



 

25 

(Rachele et al., 2012), has the potential for reactivity, lacks objective measurements 

of energy expenditure, and has difficulty obtaining ethical approval (Hardy et al., 

2013; Ling et al., 2011). 

2.2.2 Accelerometers and pedometers 

   Accelerometers measure the real-time acceleration of the body and record 

movement in three orthogonal planes (anteroposterior, mediolateral, and vertical 

planes) (Chen & Bassett, 2005; Rachele et al., 2012). These recordings are converted 

into physical activity patterns or biological metrics of interest (e.g., energy 

expenditure) (Freedson et al., 2005). The device can be worn on the waist, hip, or 

thigh or worn as a ring (Strath et al., 2013; Westerterp, 2009). Accelerometers can 

acquire large amounts of data and are easy to administer, especially in large studies 

(Westerterp, 2009). They capture physical activity monitored minute by minute 

online (Welk et al., 1998), record physical activity intensity levels (Healy et al., 2007), 

can be used with young children (Pate et al., 2006), are accurate with static and 

dynamic behavior, and have a large memory capacity (Freedson & Miller, 2000; 

Jacobs et al., 1993). Still, the accelerometers are expensive and require technical 

expertise, specialized hardware, software, and individual programming (Dishman, 

1994). Also, they do not have a standard protocol for managing or reducing data, 

which can cause reactivity bias. Added to this, they do not provide contextual 

information (Hardy et al., 2013; Rachele et al., 2012). Nevertheless, accelerometers 

are considered the most promising method for objectively measuring physical 

activity as a reflection of metabolic health (Westerterp, 2014). 

   Pedometers objectively measure the steps taken by the participant and correlate 

strongly with triaxial accelerometers and the directly observed duration of physical 

activity (Rachele et al., 2012). They work best for documenting parallel changes in 

physical activity or ranking individuals (Trost, 2001). They are simple and relatively 

low cost, capable of recording short periods of physical activity, and their data 

correlates with biological outcomes and predictors (e.g., age and body mass index 

[BMI]) (Cleland et al., 2011). However, they are not able to record horizontal motion 

that occurs during inactivity periods, leisure activity, physical activity performed with 

only the upper body, or the intensity or duration of physical activity, and they have 

less storage capacity than accelerometers (Freedson & Miller, 2000; Kilanowski et 

al., 1999; Trost, 2001). 
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2.2.3 Heart rate monitors and dual measurement strategy armbands 

   Heart rate monitors minister real-time data on the frequency, duration, and 

intensity of physical activity. They can be worn on the upper arm (Neudorfer et al., 

2024), wrist or chest. The heart rate is an indirect physiological indicator of physical 

activity as well as energy expenditure. The advantages of heart-rate monitoring are 

that it is a low-effort way to record physical activity data for up to one month, it can 

record energy expenditure that does not involve vertical trunk displacement, and it 

is best suited to categorizing subjects’ physical activity levels (e.g., highly active, 

somewhat active, and sedentary levels) instead of the exact amount of physical 

activity (Crouter et al., 2004; Sirard & Pate, 2001). However, heart rate monitors tend 

to show inconsistencies at very high and low intensities, and heart rate and energy 

expenditure do not share a linear relationship at rest. Further, at low intensities, the 

heart rate is confounded by unrelated factors such as caffeine, stress, body position, 

or high-intensity physical activity. Age, body composition, muscle mass, gender, and 

fitness level also affect this linear relationship between heart rate and energy 

expenditure (Crouter et al., 2004; Livingstone, 1997; Trost, 2001). 

   Dual measurement strategy armbands measure energy expenditure and monitor 

metabolic physical activity using motion and heat-related sensors such as heat flux, 

galvanic skin response, skin temperature, and body temperature. Using dual 

measurement strategy armbands can accurately evaluate the energy spent in complex 

and non-ambulatory activities, such as walking with a heavy load. They have proven 

to be excellent for measuring daily tasks or low-to-moderate activity, but not ideal 

for high-intensity exercises (Strath et al., 2013). 

2.3 BEHAVIORAL PATTERNS WITH LOW ENERGY 
EXPENDITURE 

2.3.1 Sedentary behavior, sedentary time, physical inactivity, and stationary 
behavior 

   Sedentary behavior (SB) is defined as any waking behavior with energy expenditure 

≤1.5 METs, while sitting, reclining, or in a lying posture (Tremblay et al., 2017). 

Further, sedentary time is defined as time spent in SB in any context, and a sedentary 
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bout is considered as a period of interrupted sedentary time (Altenburg & Chinapaw, 

2015; Kim et al., 2015). Non-screen-based sedentary time does not involve the use of 

screens, and recreational non-screen-based SB is not related to school or work (Tremblay 

et al., 2017). A SB pattern describes how the SB accumulates during the day or week 

while awake (Chastin & Granat, 2010; Chinapaw et al., 2014). 

   Physical inactivity refers to an insufficient physical activity level to meet 

recommendations for physical activity (Lee et al., 2012; Tremblay et al., 2012). 

Moreover, stationary behavior refers to any waking behavior performed when lying, 

reclining, sitting, or standing with no movement, regardless of energy expenditure. 

Stationary time is considered the time spent in stationary behavior of any intensity and 

for any duration or context (Tremblay et al., 2017). 

2.3.2 Standing, sitting, lying, reclining, and screen time 

   Standing is a position where one has or maintains an upright position on one’s feet, 

and standing time is the time spent in a standing position for any duration or context. 

A standing bout refers to a period of uninterrupted time in a standing position 

(Tremblay et al., 2017). Active standing is defined as any waking activity in a standing 

posture with energy expenditure >2.0 METs when standing without movement, 

either unsupported or supported. As opposed to active standing, passive standing is any 

waking activity in a standing posture with energy expenditure ≤2.0 METs when 

standing without movement, either unsupported or supported (Tudor-Locke et al., 

2014). 

   Sitting is a position in which one’s back is upright and one’s weight is supported by 

one’s buttocks. In active sitting the energy expenditure is >1.5 METs, and it is defined 

as any waking activity in a sitting posture. On the other hand, in passive sitting, energy 

expenditure is ≤1.5 METs (Tremblay et al., 2017). 

   Lying means being in a horizontal position on a supporting surface. Reclining is 

defined as a body position between sitting and lying. Reclining and lying behavior 

can be passive (≤1.5 METs) or active (>1.5 METs) (Tremblay et al., 2017).  

   Screen time is defined as time spent on screen-based behavior, and this behavior can 

be sedentary or physically active (Anderson et al., 2008; Stamakis et al., 2011). Active 

screen time is time spent using a screen-based device when it is not stationary. Sedentary 
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screen time is time spent using a screen-based device when sedentary, and stationary 

screen time is time spent using a screen-based device when stationary (Tremblay et al., 

2017). Further, recreational screen time is time spent on screen behavior that has nothing 

to do with school or work (Tremblay et al., 2012). 

2.4 PHYSICAL FITNESS 

   Physical fitness consists of a set of attributes that people have or achieve in relation 

to the capability to perform physical activity or to exercise with a skill that influences 

sports performance (Lugowska et al., 2023). Further, physical fitness is one of the 

indicators of health, and the health-related components are cardiorespiratory fitness, 

muscular endurance, maximal strength, body composition, and flexibility. 

Cardiorespiratory fitness is the ability of the respiratory and circulatory systems to 

supply fuel during long-lasting physical activity and to eliminate fatigue products. 

Muscular fitness consists of muscular endurance, maximal strength, and muscle 

power (explosive strength) (Caspersen et al., 1985). Physical activity causes acute and 

chronic physiological responses that stimulate structural and functional adaptations 

that improve physical fitness and performance in specific tasks (Kyröläinen et al., 

2010).   

2.4.1 Cardiorespiratory fitness and aerobic capacity 

   Cardiorespiratory fitness can be measured using aerobic capacity and is defined as the 

maximum rate at which oxygen can be conveyed from air to tissues in order to be 

used by mitochondria during high-intensity exercise (Zamir, 2022). The maximal 

oxygen uptake (VO2max) describes the maximum integrated capacity of the 

pulmonary, cardiovascular, and muscular systems to take in, transport, and take 

advantage of O2 (Smirmaul et al., 2013). 

 

   VO2max can be measured with different tests, including a 12-minute running test 

(Cooper, 1968), a cycle ergometer test (Storer et al., 1990), and a UKK 2 km walking 

test (Suni et al., 1995). The 12-minute running test can be conducted as a maximal 

test on an outdoor track during the summer or in an indoor hall during the winter. 

Participants are instructed to progressively increase their speed and run with maximal 

effort. The results are recorded with 10 m accuracy. VO2max is calculated from the 
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following formula: VO2max = (22.351·kilometers)-11.288 (Cooper, 1968; Pihlainen 

et al., 2011; Santtila, 2010).   

   The cycle ergometer test is performed with an indoor cycle ergometer. In the 

maximal cycle ergometer test, a progressive protocol is used with an initial power 

output of 50 W, which is increased by 25 W every 2 min until exhaustion. The 

exhaustion of the participants is determined by a decrease in pedaling frequency to 

below 60 rpm/min and/or the volitional cessation of pedaling. The heart rates of 

the participants are recorded continuously with a heart rate monitor. VO2max is 

indirectly determined using the heart rate results. The intraclass correlation has been 

shown to be high for men with this method (intraclass correlation r = 0.82–0.94). In 

the submaximal test, the participants’ heart rate response to several submaximal 

workloads is examined. Thereby, the VO2max that they would have reached if they 

had continued until their maximum heart rate had been reached can be evaluated by 

workload (Ekblom-Bak et al., 2014; Santtila et al., 2013). 

   The UKK 2 km walking test is performed at the maximum speed, covering a 2 km 

distance. The heart rate and performance time of the test subject are measured. The 

test is performed on an outdoor track during the summer and in an indoor hall 

during the winter. The time is recorded with one-second accuracy, and the heart rate 

of the participant is measured at the end of the test. VO2max is determined according 

to these measurements (Suni et al., 1995). 

2.4.2 Muscular fitness 

   Muscular endurance is defined as the ability of muscle groups to exert external force 

for many repetitions or successive exertions. Further, maximal muscle strength is 

defined as the amount of external force that a muscle can exert, and muscle power 

refers to the ability to produce the maximal, dynamic contraction of a single muscle 

of a muscle group in a short period of time (Artero et al., 2012; Caspersen et al., 

1985). 

   The dynamic muscle endurance capacity of the trunk and upper extremities can be 

assessed with one-minute of repeated sit-ups and one-minute of push-ups, and the 

power of the lower extremities can be assessed with a standing long-jump (SLJ). 

When evaluating the power of lower extremities with an SLJ, the jumps are 

performed on a 10 mm thick rubber mattress, and the best attempt is selected as the 
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final result (Pihlainen et al., 2018). Further, in the one-minute sit-up test, the sit-ups 

start and end in a lying-down position. In the starting position, the participants lie 

on their backs with their knees bent at a 90° angle, their elbows pointing upwards, 

and their fingers interlocked behind their head. An assistant keeps the heels of the 

participant in contact with the floor, supporting the ankles. From the starting 

position, the upper body is raised forward by the trunk muscles until the elbows 

reach the knee level. One repetition is completed when the body is lowered till the 

bottom of the shoulder blades touch the ground. The result from the test is the 

number of repetitions in 60 s (Santtila et al., 2006; Viljanen et al., 1991). 

   Further, in the one-minute push-up test, participants lie on the floor frontside of 

the body touching the ground, feet parallel at shoulder width and hands positioned 

so that the thumbs are positioned under each shoulder as the other fingers pointing 

forward. The starting position progresses from the previous position by extending 

the arms straight while keeping the body in a straight line from the shoulder to the 

ankles as the knee and hip angles remain the same through the test. When the torso 

is lowered by bending the elbows until the upper arms are parallel to the floor and 

returned to the starting position by extending the arms, this is counted as one 

repetition. As in the sit-up test, the result is expressed as the number of consecutive 

repetitions in 60 s (Santtila et al., 2006; Schmidt, 1995).  

2.5 CARDIOMETABOLIC HEALTH 

   Cardiometabolic health is an important part of physical health and includes 

cardiovascular health as well as glucose metabolism (Vincent et al., 2017). The 

cardiovascular system consists of heart and blood vessels (Chadhry et al., 2022), and 

cardiovascular diseases are a group of disorders affecting them (Frak et al., 2022). 

Atherosclerotic cardiovascular disease is a leading cause of death around the globe 

and is the leading cause of severe disability. Atherosclerotic cardiovascular disease 

poses major health and socioeconomic problems for society.  

   In atherosclerotic cardiovascular diseases, an arterial lesion narrows the arteries. 

The arterial lesion consists of local intimae thickening, which contains proliferating 

altered smooth muscle cells, macrophages, lipids from both intracellular and 

extracellular serum lipoproteins, and proliferating connective tissue (collagen, elastin, 

mucopolysaccharides). Clinical manifestations of atherosclerotic cardiovascular 
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disease are coronary artery disease, peripheral arterial disease, acute coronary 

syndrome, stable angina pectoris, and strokes. Despite genetic factors having an 

important effect on cardiovascular disease occurrence, lifestyle habits have a more 

important role. Thereby, atherosclerotic cardiovascular diseases can mostly be 

predicted and prevented. The risk factors of atherosclerotic cardiovascular disease 

are arterial hypertension, cigarette smoking, hypercholesterolemia, 

hypertriglyceridemia, diabetes mellitus, and a positive family history. Added to this, 

obesity, insufficient physical activity, and emotional stress affect the occurrence of 

atherosclerotic cardiovascular disease (Pešek, 2011). 

2.5.1 Hypertension 

   Hypertension, also called high blood pressure, causes harm to the cardiovascular 

system, mainly due to mechanical stress placed on the heart and blood vessels. 

Humoral factors and vasoactive hormones—such as angiotensin, catecholamines, 

and prostaglandins—have been shown to have some role in atherosclerotic 

cardiovascular disease, which is probably a secondary role. The tangential tension 

caused by hypertension may lead to hypertensive heart disease and heart failure and 

can cause fibromuscular thickening of the arterial intima and media, contributing to 

arterial luminal narrowing. High blood pressure also results in the aggravation and 

acceleration of atherosclerosis (Hollander, 1976). Added to the previously described 

conditions, hypertension can cause hypertensive kidney damage (Williams et al., 

2018) and difficult hypertensive retinopathy, which predicts the risk of having a 

stroke and death (Breslin et al., 1996). 

   The ideal blood pressure is under 120/80 mmHg. Blood pressure is considered 

elevated when it reaches over 140/90 mmHg at a nurse’s or physician’s appointment, 

or over 135/85 (as an average) in home measurements. The average diastolic blood 

pressure elevates until one is 55 years old and systolic blood pressure elevates until 

one is 80 years old (Koponen et al., 2018). The diagnostic for high blood pressure is 

based on the blood pressure measurements performed at a nurse’s or physician’s 

appointment or at home. When blood pressure is measured at a nurse’s or physician’s 

appointment, it is measured twice (with a 1–2 min break between the measurements) 

on four separate occasions, and the average value of the blood pressure is calculated. 

When blood pressure is measured at home, it is measured twice in the morning and 

twice in the evening and the time between the measurements should be 1–2 minutes. 

The measurements should be from a 4–7-day period. The average values of the 



 

32 

morning and evening measurements are calculated separately as is the total average 

of all the measurements from the measurement period. Blood pressure 

measurements performed at home are more reliable in describing the average blood 

pressure and risk for target organ damage when compared with single measurements 

performed at a physician’s or nurse’s appointment (Bliziotis et al., 2012; Hansen et 

al., 2006; Jula et al., 1999). Long-term registration of blood pressure is the most 

common way to observe nightly blood pressure, and it can be used in situations 

when other measurement styles cannot be used, or it can be used to evaluate the 

effects of blood pressure medication. Nightly blood pressure measurements have a 

strong predictive value for cardiovascular mortality and cardiovascular events 

(Fagard et al., 2008). 

   Lifestyle habits affect blood pressure. Abundant sodium consumption increases 

blood pressure, and the safe amount of sodium is evaluated to be 575 mg/day, which 

corresponds to 1.5 g salt/day (Kastarinen et al., 2002; Commission of the European 

Communities, 1993). A diet that contains great amounts of vegetables, fruits, berries, 

fish oil products containing eicosapentaenoic acid and docosahexaenoic acid, and 

sufficient amounts of potassium, calcium, magnesium, and fiber (Appel et al., 1997; 

Dickinson et al., 2006, Geleijnse et al., 2002; Whelton et al., 1997; Whelton et al., 

2005) helps to control blood pressure. Licorice contains glycyrrhizinic acid, which 

elevates blood pressure. Avoiding these products may also help in blood pressure 

control (Penninkilampi et al., 2017). Physical activity and weight control are shown 

to lower blood pressure (Pencheng et al., 2013; Siebenhofer et al., 2013). Further, 

heavy alcohol intake (≥300 ml/week) increases blood pressure, so heavy alcohol 

consumption should be avoided when aiming to lower blood pressure (Marmot et 

al., 1994). 

   Changing one´s lifestyle habits is not always effective, and medication must be 

used to achieve optimal blood pressure. In Finland, angiotensin-converting enzyme 

inhibitors, angiotensin receptor blockers, aldosterone antagonists, calcium channel 

blockers, diuretics, and beta blockers are used to treat hypertension. These 

medications can be used as a single treatment or in different combinations (Law et 

al., 2009).  
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2.5.2 Tobacco products 

   Tobacco products exist in different forms. Smoked forms of tobacco are 

cigarettes, cigars, shisha, and electronic cigarettes. Smokeless forms of tobacco 

include chewing tobacco and snuff (El-Amin, 2021). The tobacco plant and its leaves 

produce the chemical substances nicotine, carbon monoxide, and thiocyanate that 

are harmful to health (Leone et al., 2010). Using tobacco products increases the risk 

of cancer and cardiovascular diseases (Centers for Disease Control and Prevention, 

2010; IARC Working Group on the Evaluation of Carcinogenic Risks to Humans, 

2012). Annually, tobacco kills altogether eight million people, including 1.2 million 

nonsmokers exposed to tobacco smoke secondhand. Smoking and exposure to 

secondhand smoke are responsible for about 21% of all deaths associated with 

coronary heart disease (Willett et al., 2021). 

   Tobacco smoke causes cardiovascular damage by chemical injury from tobacco 

components and hypoxic injury, which is associated with an increase of 

carboxyhemoglobin into the erythrocytes of blood and a reduction in 

oxyhemoglobin concentration. Tobacco smoke components, primarily carbon 

monoxide, alternate myocardial cells and cause myocardial focal necrosis, 

perivascular infiltrates, punctate hemorrhage, and mitochondrial alterations. The 

anatomical damage of tobacco smoke affects coronary arteries and the myocardium. 

These display as myocardial infarction, focal myocarditis, focal haemorrhage, and 

coronary vessel disease, which are irreversible changes. Permanent changes in the 

coronary and systemic arteries cause myocardial alterations, hypertension, 

cerebrovascular artery disease, and peripheral artery disease. The pro-atherosclerotic 

effects of nicotine and carbon monoxide support anatomical damage by triggering 

functional, biochemical, humoral, and thrombogenic mechanisms that lead to 

atherosclerotic cardiovascular disease (Leone et al., 2010). 

   Further, smokeless tobacco is also a health risk. Smokeless tobacco contains more 

than 30 carcinogens and has been shown to cause cancer of the pharynx, oral cavity, 

neck, pancreas, and esophagus (El-Amin, 2021). Smokeless tobacco contains 

nicotine, which increases blood pressure, heart rate, blood flow into the heart, and 

narrowing of the arteries. Nicotine may also assist in the hardening of the arterial 

walls and thereby promote atherosclerotic cardiovascular disease. Added to this, 

nicotine is an addictive product (Willett et al., 2021), modulating the number of 
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nicotine receptors as well as their function, which causes withdrawal symptoms when 

the use of tobacco products is quit (Benowitz, 2009). 

   Electronic cigarettes do not contain tobacco, but they still contain nicotine and 

various toxic substances. Electronic cigarettes and their aerosol constituents, 

nicotine, vaporizing solvents, particulate matter, metal, and flavorings can have 

harmful effects on the cardiovascular system as well as the respiratory system and 

the brain (Willett et al., 2021). 

2.5.3 Dyslipidemia 

   Dyslipidemia is defined as a state when the low density lipoprotein (LDL) cholesterol  level 

is over 3.0 mmol/l, when the triglyceride level is over 1.7 mmol/l, or when the high 

density lipoprotein (HDL) cholesterol level is under 1.0 mmol/l in men and 1.2 mmol/l 

in women (Piepoli et al., 2016). The generally used threshold for total cholesterol (TC) 

is 5.0 mmol/l, but it does not separate high- and low-risk individuals. However, when 

the TC goes over that threshold value, the cardiovascular risk begins to rise 

exponentially (Kovanen et al., 2009). The diagnostic of dyslipidemia is based on the 

measurement of the plasma LDL, HDL, and triglycerides from blood samples taken 

on at least two separate days. Fasting before sampling has only a minor effect on the 

results, but fasting eases the evaluation of triglyceride levels. A meal elevates the 

triglyceride levels by 0.3 mmol/l when the triglyceride level is below 5 mmol/l. If 

the triglyceride levels are above 5 mmol/l, the recommendation it to measure the 

fasting values (Nordestgaard et al., 2016).   

   Hypercholesterolemia has a central role in the formation of atherosclerosis in the 

coronary arteries and is an important factor in the development of atherosclerosis in 

the aorta, cerebral, and peripheral arteries (Borén et al., 2020; Ference et al., 2017). 

LDL has a crucial role in the formation of atherosclerotic plaque (Ference et al., 

2017). LDL is responsible for cholesterol transport to peripheral tissues. LDL 

undergoes oxidation and other molecular modifications that damage the arterial 

endothelium, chemoattract macrophages, and cause pathological changes in the 

arteries (McFarlane, 2019). Hypertriglyceridemia elevates the risk of atherosclerotic 

cardiovascular disease, while the cholesterol of small triglyceride-containing particles 

accumulates in the artery walls (Sarwar et al., 2007). Hypertriglyceridemia is 

connected with other atherogenic factors, such as insulin resistance, waistline 
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obesity, fatty liver, disturbed glucose metabolism, and elevated blood pressure 

(Broekhuizen et al., 2010). 

   On the other hand, HDL has a reversal association with atherosclerotic disease, 

but the causality is unclear (Lewington et al., 2007). HDL uptakes peripheral 

cholesterol and delivers it to the liver and to cholesterol-derived hormone-producing 

organs. It also has antioxidant and anti-inflammatory functions that can prevent 

atherosclerosis (McFarline, 2019). The role of HDL in prevention might be 

connected to its functionality rather than its concentration. The HDL particles can 

be dysfunctional, thereby not providing protection from atherosclerotic 

cardiovascular disease despite high levels of HDL in the blood. Measuring HDL 

levels is still beneficial when evaluating the risk of atherosclerotic disease, but HDL 

is not a target of treatment (Rohatgi et al., 2014).  

   Some dyslipidemias are inherited (van der Graaf et al., 2011), but lifestyle habits 

have an important role in dyslipidemia prevention and treatment. Diminishing the 

intake of saturated fat and trans fatty acids and replacing them with desaturated fatty 

acids, increasing fiber consumption, diminishing the cholesterol intake, losing weight 

(for obese people), aerobic physical activity, and muscle strength training lower the 

LDL values (Aronis et al., 2012; Eslick et al., 2009; Hartley et al., 2016; Hofmann & 

Tschop, 2009; Kelley & Kelley, 2009; Lin et al., 2015; Sarkkinen et al., 1998; 

Schwingshackl et al., 2014; van de Wiel, 2012). Avoiding saturated fatty acids, 

increasing the consumption of fish, losing weight (for obese people), diminishing the 

intake of alcohol and low fiber carbon hydrates, aerobic physical activity, and muscle 

strength training have been shown to decrease triglyceride levels (Eslick et al., 2009; 

Hofmann & Tschop, 2009; Kelley & Kelley, 2009; Lin et al., 2015; Schwingshackl et 

al., 2014; van de Wiel, 2012). Replacing the trans fatty acids with desaturated fatty 

acids, losing weight (for obese people), giving up smoking, and aerobic physical 

activity, all of them increase HDL cholesterol (Aronis et al., 2012; Imamura et al., 

1996; Lin et al., 2015; Schwingshackl et al., 2014).  

   Sometimes changing lifestyle habits is not enough to treat dyslipidemia, and 

medication is needed to lower the LDL and triglyceride levels. Statins are used in 

treating hypercholesterolemia and hypertriglyceridemia as a monotherapy or in 

combination with ezetimibe, bile acid sequestrants, fenofibrates, or the proprotein 

convertase subtilisin/kexin type 9 inhibitors. Fibrates can be used as monotherapy 

in cases where hypertriglyceridemia is not combined with hypercholesterolemia 
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(Januszkiewicz 2010; Jun et al., 2010; Morrone et al., 2012; Oesterle et al., 2017; Levy, 

2010; Ajufo & Rader, 2016). 

 

2.5.4 Diabetes mellitus type 2 

   Diabetes mellitus type 2 (DM2) is a heterogeneous disease group that lacks clear 

diagnostic criteria (Tuomi et al., 2014). In DM2, the patients have insulin resistance 

and usually have relative insulin deficiency. The DM2 patients can have normal or 

even elevated insulin levels, thus insulin secretion is insufficient to compensate for 

their insulin resistance.  

   The usual form of type 2 diabetes occurs in adulthood. Usually, the patient is 

overweight, having elevated blood pressure or dyslipidemia (Gavin et al., 1997). 

Inherited and environmental factors affect the onset of DM2 in about equal 

proportions (Hemminki et al., 2010). Obesity is the major risk factor for DM2 and 

usually causes some degree of insulin resistance (Gavin et al., 1997; Laakso, 2007). 

Many psychosocial factors—such as long-lasting stress, sleeping difficulties, and 

depression, as well as socioeconomic strain—have a connection to the onset and 

progression of DM2 (Agardh et al., 2011; Pyykkönen et al., 2010; Pyykkönen et al., 

2012; Räikkönen et al., 2007).  

   DM2 may cause macrovascular and microvascular complications such as coronary 

artery disease, myocardial infarction, hypertension, peripheral vascular disease, 

retinopathy, end-stage renal disease, and neuropathy. Patients with DM2 have an 

increased risk of cardiovascular disease morbidity and mortality, which are associated 

with other cardiovascular risk factors such as obesity, hypertension, and 

dyslipidemia, as well as increased oxidative stress, increased coagulopathy, 

endothelial dysfunction and autonomic neuropathy, which are often present with 

DM2 (Leon & Maddox, 2015). 

   When the patient has classical symptoms related to diabetes—such as thirst, great 

urinary amounts, and weight loss—the diagnosis of DM2 can be based on a 

randomly measured plasma glucose value over 11 mmol/l, which must be confirmed 

on a subsequent day. For those who are asymptomatic, the diagnosis is based on a 

measured plasma fasting glucose (fP-gluc) value over 7 mmol/l, a two-hour value in 
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a glucose tolerance test that is over 11 mmol/l, or a glycated hemoglobin (HbA1c) 

value ≥48 mmol/mol/6.5%. In asymptomatic cases, the abnormality must be 

detected both in fP-gluc and in the two-hour values in order to set a DM2 diagnosis. 

If the abnormality is only detected in one of these values, the test must be repeated 

on a different day. However, the diagnosis of DM2 can be based on a single value 

of HbA1c being ≥48 mmol/mol alone. The serum insulin (INS) concentration is 

also associated with glucose intolerance and other metabolic and physiological 

abnormalities, such as hypertension and dyslipidemia. Hyperinsulinemia has also 

been shown to predict DM2 (Haffner et al., 1992). 

   Impaired fasting glucose and impaired glucose tolerance preface DM2. In impaired 

fasting glucose, the fP-gluc value is between 6.1 and 6.9 mmol/l. When concerning 

impaired glucose tolerance, the two-hour value in the glucose tolerance test varies 

between 7.8 and 11.0 mmol/l (Codario, 2005; Gavin et al., 1997). Glucose 

measurement from plasma samples is preferable in the diagnostics of DM2 when 

compared with a capillary measurement taken from the fingertip; the glucose 

concentration is about 1.13 times greater in plasma compared with whole blood, and 

thereby, glucose values measured from plasma are more reliable (Gavin et al., 1997). 

In a glucose tolerance test, only venous plasma samples are used (Stahl et al., 2002). 

   In the treatment of DM2, changes in lifestyle habits play an important role. The 

diet of a person with DM2 should contain lots of vegetables and only a little salt and 

nutritionally poor, sugar-rich, and low-fiber foods. The food should also sparsely 

contain saturated and trans fatty acids as well as a reasonable amount of desaturated 

fatty acids. Alcohol consumption should also be within reasonable limits (American 

Diabetes Association, 2017). Weight loss improves glucose balance and reduces the 

need for diabetes medication in overweight people with DM2 (Gregg et al., 2012; 

Lean et al., 2018). Physical activity reduces insulin resistance and improves the 

glucose balance (Colberg et al., 2016).  

   If an appropriate treatment target is not achieved with lifestyle habit changes, 

medication is needed to treat DM2. Oral diabetes medications—such as biguanides, 

dipeptidyl peptidase-4 inhibitors, sulfonylureas, glinides, glucagon-like peptide-1 

receptor agonists, sodium-glucose transport protein 2 inhibitors, and glitazones—

can be used to achieve an adequate glucose balance (Baetta & Corsini, 2011; Codario, 

2005; Kahn et al., 2006; Muzurovic et al., 2022; Szekeres et al., 2023). If 
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hyperglycemic control is not achieved with oral diabetes medication or if the patient 

has signs of insulin deficiency, insulin medication is needed (Codario, 2005). 

2.5.5 Obesity 

   Obesity is a long-term disease where the amount of fat tissue has increased due to 

excessive energy intake compared with energy expenditure. Obesity can be 

categorized according to the BMI (Wolin 2009). A BMI value is calculated using the 

following formula: body mass in kilograms (kg) / height in meters (m)2. It has a 

strong connection with the amount of fat tissue (Revicki & Israel, 1986; Eolin, 2009), 

but it still usually underestimates the body fat mass (Okorodudu et al., 2010) and is 

not able to identify where the fat is located or what percentage of the weight is fat 

and what percentage is muscle (Wolin, 2009). A normal BMI value is between 18.5 

and 24.9 BMI kg/m2 (Gallagher et al., 2000). A BMI of 25.0–29.9 kg/m2
 is 

categorized as overweight, BMI ≥30.0 kg/m2
 as obesity, and BMI ≥40 kg/m2

 as morbid 

obesity (Wolin, 2009).  

   Waist circumference is used to describe the excess fat tissue accumulating in the 

abdominal cavity and around the internal organs. The fat tissue accumulating inside 

the abdominal cavity is more harmful to health than the fat tissue accumulating on 

hips or tights, though it is metabolically more active. Waist circumference is 

measured on bare skin when the person is standing. The person’s weight has to be 

equally divided onto both feet. The horizontal measurement point is on the waist, in 

the midline of the lowest rib and iliac crest. The person first inhales deeply and the 

measurement is taken at the end of expiration. The tape measure must not be too 

loose or too tight. The recommended waist circumference in men is <94 cm and in 

women <80 cm. When the waist circumference is 94–101 cm in men and 80–87 cm 

in women, it has been shown to cause minor harm to health. When the waist 

circumference exceeds 102 cm in men and 88 cm in women, the risk for health 

increases remarkably (National Institutes of Health, 2002; Wolin, 2009).  

   Fat tissue percentage (FAT%) is the percentage proportion of fat tissue in relation 

to the whole-body mass. The reference values for men aged between 20 and 39 years 

old are 8–20% and for men aged between 40 and 60 years old they are 11–22%; for 

women aged between 20 and 39 years old they are 25–35% and for women aged 

between 40 and 60 years old they are 22–38.5% (Gallagher et al., 2000).  
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   The FAT% and amount of muscle mass can be evaluated using different methods. 

The dual-energy X-ray absorptiometry (DXA) method is a widely used method to 

measure fat and muscle mass, and it has high precision and accuracy for soft tissue 

measurements (Sillanpää et al., 2014). DXA uses X-rays to evaluate the body 

composition. By evaluating X-ray attenuation passing through the body, the mass of 

two different materials can be accurately calculated (Shepherd et al., 2017). However, 

the equipment is expensive, and a healthcare professional is needed for the 

measurement because ionizing radiation is used (Sillanpää et al., 2014).  

   Moreover, the bioimpedance analysis assessment (BIA) method is also a valid 

method for measuring body composition. It is widely available, fast, non-invasive, 

quite inexpensive, and does not require high-level operator training. The estimations 

of body composition by BIA devices are based on impedance, resistance, reactance, 

or phase angle to an electrical current. These measured values will be converted into 

body composition parameters with algorithms. However, BIA is quite sensitive to 

hydration status, temperature, the time of day of the measurement, body symmetry, 

and position. Direct segmental multi-frequency BIA measures the flow of an 

electrical current by using several frequencies to estimate both intracellular and 

extracellular water, as well as allowing for estimations of separate different body 

segments. It has been shown to have better measurement accuracy when compared 

with other BIA devices and the estimates of body composition have been shown to 

correlate highly with the DXA method (r = 0.082–0.95) (Sillanpää et al., 2014). 

 

   Further, a skinfold thickness measurement can be used to measure adiposity. It 

assesses the size of specific subcutaneous fat depots. Measurements are quick and 

simple to attain in most age groups, including infants. Intraobserver and 

interobserver errors are low compared with between-subject variability, but the 

accuracy and precision are poorer in obese children. 

   

   Another method to measure body fat is densitometry, which distinguishes fat mass 

and fat-free mass by assuming specific densities for these two tissues, and it therefore 

requires the measurement of total body density. The density of fat is relatively 

constant, but free-fat mass varies according to its composition, and the variability is 

partly explained by the chemical maturation process that occurs before adulthood. 

Body volume can be measured by hydrodensitometry, where the volume of the body 

is measured by the volume displaced from a water tank. However, this approach is 

unsuitable for many children, especially when they are patients. A new alternative is 
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air displacement plethysmography, which measures the volume of air displaced by 

the subject. It has better precision than hydrodensitometry in children.  

 

   Magnetic resonance imaging (MRI) can also be used to measure the mass of 

adipose tissue. MRI is an imaging technique that estimates the volume of adipose 

tissue. The technique produces images based on spatial variations in the phase and 

frequency of the energy absorbed and emitted by analyzing the absorption and 

emission of energy in the radio frequency of the electromagnetic spectrum. It 

primarily locates hydrogen nuclei, which are located either in water or fat, and uses 

the data to determine tissue types on imaging slices which can be summed to 

calculate regional tissue volumes. The data gained by MRI is high quality, but there 

are difficulties in comparing the data with the results obtained by other techniques 

(Wells & Fewtrell, 2006). 

 

   Ultrasonography is a non-invasive, fast, and inexpensive method for estimating 

adiposity. It does not expose patients to ionizing radiation and is thereby an ideal 

method for the evaluation of young people. Ultrasound is commonly assigned to 

organ-tissue level, as it is able to measure different adipose tissue compartments. 

This tool also allows an estimation of fat in terms of lipid content at both tissue and 

cellular-molecular level. However, standardized procedures and parameters are 

needed in order to improve its accuracy and reproducibility (Bazzocchi et al., 2016).  

 

   Despite the fact that obesity is caused by long-term excess energy intake compared 

with energy expenditure, the background causes for obesity are multifactorial. 

Genetics, psychosocial factors (i.a. low income, a low level of education, stress), 

eating habits concentrating on energy-rich products, minor physical activity, and 

scant sleep can affect the manifestation of obesity (Ball & Crawford, 2005; 

Cappuccio et al., 2008; Chen & Qian, 2012; Loos, 2018; Must & Parisi, 2009; Pérez- 

Escamilla et al., 2012). 

   Obesity increases the risk of many diseases. Morbidity is dependent on the severity 

of obesity and physical fitness (Wolin, 2009). A waistline exceeding the 

recommended range and early-onset obesity markedly increase the morbidity risk 

(Bender et al., 1999). The most important diseases associated with obesity are DM2, 

non-alcoholic fatty liver disease, and coronary artery disease (Guh et al., 2009; 

Loomis et al., 2016). Other diseases associated with obesity are hypertension, 
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dyslipidemia, asthma, obstructive sleep apnea, arthrosis, and depression (Luppino et 

al., 2010; Tufik et al., 2010; Wolin, 2009; Zheng & Chen, 2015).  

   Obesity increases cardiovascular disease risk by increasing the risk of hypertension, 

high blood cholesterol, and insulin resistance. Obesity also may cause cardiovascular 

disease through the formation of blood clots and through inflammation. Added to 

this, obesity causes structural changes in the heart. Obese people have more fat, 

muscle, and skin tissue to be nourished by the blood supply, so the heart must work 

harder to pump blood to these tissues. Increased filling of the left ventricle puts 

stress on its walls and the heart compensates for this by stimulating the growth of 

the heart wall. Thereby, the heart wall thickens, which hampers the ability of the 

ventricle to contract (Wolin, 2009). 

   The prevention of obesity is easier than losing weight and maintenance of the 

weight loss results (Schwartz et al., 2017). Treatment options for obesity in adults 

are lifestyle changes, a very low-energy diet (VLED), medication, and obesity surgery 

(Jensen et al., 2014). Lifestyle changes consist of changes in eating habits—such as 

regular eating, eating products with low energy concentration, and eating enough 

protein (Jensen et al., 2014; Martens & Westerterp-Plantenga, 2014)— increasing 

physical activity, and optimizing sleeping habits (Jensen et al., 2014). Alongside 

lifestyle treatment of obesity, a VLED can be utilized for a few weeks. A VLED can 

help to enhance weight loss and decrease morbidity occurring due to obesity-

associated diseases (Lean et al., 2013; Mulholland et al., 2012). A VLED is based on 

decreased energy intake and can be carried out using commercial products or normal 

food (Isaman et al., 2021). Further, medication can be used to support lifestyle 

changes. Liraglutide, semaglutide, naltrexone combined with bupropion, orlistat, 

tirzepatide and phentermine combined with topiramate can be used in obesity 

treatment (Khera et al., 2016; Liu et al., 2025).  

   Obesity surgery can be considered if obesity treatment has failed using non-surgical 

methods. Also, BMI of the patient must be over 40 kg/m2, or 35 kg/m2 with a co-

morbidity in which the obesity surgery is expected to improve the disorder (e.g., 

metabolic disorders, cardio-respiratory disease, arthritis) (Fried et al., 2007). The 

surgical treatment can also be considered for patients with a BMI of 30–35 kg/m2, 

if conservative treatment of obesity and diabetes has failed (Schauer et al., 2017).  
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2.5.6 Stress 

   Stress can be defined as a real or experienced imbalance between environmental 

demands for survival and the capacity of the individual to adapt to these demands. 

Stress is a part of the process in which the individual evaluates that the environmental 

stressors do not have adaptive significance or evaluates them as stressful as they 

present a potential threat, danger, change, or challenge to one’s well-being or 

survival. The stress process begins when the environmental demands exceed one’s 

adaptive resources. If the individual experiences the circumstances as stressful, a 

series of stress-response mechanisms will be set in motion, including combined 

physiological, behavioral, and psychological efforts to become accustomed to the 

environmental demands. The experienced stressfulness of an event is influenced by 

its novelty, uncertainty, unpredictability, and uncontrollability. Individuals’ life 

experiences; personal, social, biological, and logical resources; and vulnerabilities all 

affect the interpretation of the situation and evaluation of its stressfulness. 

Predisposing biological and psychosocial resources and vulnerability factors have a 

dual role in linking stress and health (Marshall, 1999).  

   Stress activates physiological mechanisms in an individual’s body involving the 

autonomic nervous system and neuroendocrine mediators that influence immune, 

gastrointestinal, neuromuscular, and cardiovascular systems. Acute activation of 

these systems generates short-term physiological changes and somatic symptoms, 

including rapid heart rate, increased perspiration, and gastrointestinal motility. The 

symptoms may be experienced as ill health. Physiological activation of these systems 

has adaptive benefits in the short term, but chronic activation enhances vulnerability 

to cardiovascular, metabolic, and immune-related diseases and changes in the central 

nervous system and structure of the brain. Behavioral responses to stress may also 

increase the risk of diseases. Stress can cause alterations in eating and sleeping habits, 

and in the consumption of alcohol and other substances (Marshall, 1999).  

   Mental stress can trigger myocardial infarction and sudden death in patients with 

coronary artery disease. Myocardial ischemia during mental stress is associated with 

peripheral vasoconstriction and an increased afterload. Stress may cause a chronic 

state of sympathetic arousal and an exaggerated sympathetic system response to 

mental or exercise stress (Stone et al., 1999). Exaggerated sympathetic responses are 

associated with an increased risk of atherosclerosis. Using experimental rat and 

monkey models, stress-related sympathetic nervous system activation has been 
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shown to enhance artery wall endothelial injury and dysfunction in the long term 

(Kamarck et al., 1997). Added to this, stress has been shown to have negative effects 

on working ability and productivity (Goedhard & Goedhard, 2005; Marcatto et al., 

2022).  

   Stressor exposures can be measured using self-report questionnaires, such as a life 

event checklist, or stressors can be objectively determined based on proximity to an 

incident. Furthermore, one’s response to stress can be measured with self-report 

questionnaires, behavioral coding, or through physiological measurements including 

the emotions, cognitions, behaviors, and physiological responses initiated by 

stressful stimuli (Crosswell & Lockwood, 2020). Stress can be relieved by behavioral 

adjustments under stress, including cognitive interventions and mental restructuring 

with cognitive behavioral therapy, physical activity, relaxation techniques, or 

nutrition (Esch & Stefano, 2010).  

2.6 WORK ABILITY 

   The definition of work ability is dependent on the purpose of the definition and the 

accepted concept. In each case, determination is needed regarding whether a given 

person can work, which is the result of interaction between the person, the task, and 

the working environment. An employee’s physical and mental potential, knowledge, 

and skills affect that person’s work ability as well as the job requirements and 

working conditions. Work ability can be presented using a four-level model, where 

the first level incorporates functional capacity based on health status and physical 

and mental fitness. This ensures adequate functioning. The second level consists of 

the knowledge, abilities, and skills acquired so far, and the third level comprises 

motivation, attitudes, and human values. The fourth level includes the work 

environment, including work content, the organization, and psychosocial and 

physical demands, as well as relationships between the management and employees 

(Bugajska et al., 2021). Work ability has a direct influence on the productivity, 

contentment, and well-being of employees (Arthur et al., 2023). 

   Chronic diseases have been shown to reduce work ability (Bugajska et al., 2021). 

Further, cardiovascular risk factors have a negative association with work ability. 

Optimal performance at work will only be possible when cardiovascular risk 

factors—including hypertension, obesity, physical inactivity, diabetes, alcohol 
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consumption, smoking status, and poor eating habits—are at their lowest level 

related to the workload (Arthur et al., 2023). On the other hand, physical activity has 

been shown to have positive effects on work ability (Lusa et al., 2020). 

   The Finnish Institute of Occupational Health has developed a generic tool to 

assess work ability. It is called the Work Ability Index (WAI) and consists of the 

employees’ self-assessed work ability in relation to work requirements, health status, 

and employee resources (Ilmarinen, 2007). The WAI is nowadays in general the most 

commonly used tool for measuring work ability. The first item of the WAI consists 

of self-assessment by employees regarding their current work ability level by 

comparison with the highest work ability experienced during their careers. This 

question is termed the work ability score and has the highest discriminating power 

over the entire index. Work ability score, as a single item, has been shown to be a 

reliable tool with which to assess work ability and does not deteriorate the collected 

work ability information (El Fassi et al., 2013). 

2.7 PERFORMANCE OF THE SOLDIERS 

   The soldiers’ performance consists of their physical, psychological, social, and 

ethical performance. Regarding physical fitness, the aerobic fitness in command 

duties in all military branches should be at the level of 42 ml/kg/min at minimum in 

the FDF. In supporting military tasks, aerobic fitness should be at the level of 45 

ml/kg/min, in supporting duties including mobile warfare, it should be 50 

ml/kg/min, and in special forces, it should be 55 ml/kg/min at minimum. In 

addition, the muscle fitness of the soldiers must be at a good level. Soldiers must be 

able to carry at least 25 kg of extra load and still maintain a good performance (Vaara 

& Kyröläinen, 2016). The current, more technical nature of warfare has not reduced 

the physical requirements of soldiers (Santtila, 2010). 

   According to law, professional soldiers working for the FDF must maintain good 

physical fitness in order to meet the physical performance requirements of their 

work. For civilians working in the FDF, maintaining good physical fitness is optional, 

but good physical performance can be required in demanding tasks and 

peacekeeping operations. The FDF has a set of guidelines for maintaining the 

physical performance of their workers. One of the measures in these guidelines is to 
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offer the employees the possibility to exercise for two hours a week during working 

hours (Honkamaa & Hyppönen, 2014).  

   However, the physical and mental performance of recruits and conscripts has 

declined over the last decades. For example, in Norway the VO2max of conscripts 

entering military service has decreased while obesity has increased during the years 

1980–2002 (Dyrstad et al., 2005). Similar problems of being overweight and reduced 

aerobic fitness have been seen among soldiers in Germany (Leyk et al., 2015) as well 

as in Nordic countries like Denmark and Sweden (Rasmussen et al., 1999; Sørensen 

et al., 1997). In contrast, there were no dramatic changes in physical fitness among 

U.S. Army recruits during the years 1975–2018. Body mass has increased 

significantly, but there have been no changes in aerobic capacity and muscle strength. 

Despite the fact that body fat tended to increase over time, the difference was small. 

Yet, reports reveal slower times on one-mile and two-mile running tests among the 

U.S. recruits, indicating a decline in aerobic performance during the years of 1975–

2018, even though VO2max did not change during these years among men and 

slightly improved among women (Knapik et al., 2017). This discrepancy between 

VO2max and endurance running data was suggested to be due to the inability of the 

recruits to apply their aerobic capacity to military tasks because of increased body 

weight, reduced running experience, lower motivation, and/or environmental 

factors (Knapik et al., 2006).   

   Moreover, similar findings have been gained in Finland. The aerobic fitness of 

young Finnish men decreased during the years 1975–2004. The decrease in aerobic 

capacity was 12%, which corresponded to the calculated value decreasing from 50.5 

ml/kg/min to 43.2 ml/kg/min. At the same time, the mean body mass of conscripts 

increased by almost 5 kg without a significant change in body height, and body mass 

was inversely associated with aerobic fitness (Santtila, 2010). Later, the reservist study 

performed in the year of 2015 revealed that one-third of the participants were 

overweight and 10% were obese. It also reported that over half of the participants 

had aerobic fitness so low that they were not fit for mobile warfare. Also, the 

objectively measured physical activity, measured with a daily step count, was a little 

over 7000 steps/day, which is less than the recommended target 10 000 steps/day 

(Vaara & Kyröläinen, 2016). Added to this, despite the FDF guidelines created to 

activate their workers, a wide survey done among military personnel in Finland has 

reported only 51% of the participating personnel exercise regularly at least three 

times a week and revealed their inadequate exercise habits (Pihlainen, 2010). 
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   The declination of physical fitness among military recruits and workers endangers 

the performance of the armed forces in peacekeeping and crisis management 

operations, as well as during potential war (Santtila, 2010). During the Gulf War, the 

U.S. artillery gunners and support troops were the weakest links in the initial 

offensive as they did not have the necessary stamina in the terrestrial phase of the 

warfare. The soldiers’ physical capacity diminished during the fighting, and there was 

not enough time between engagements for recovery or additional physical training. 

Therefore, the physical performance of troops should be of a high standard prior to 

deployment (David, 1999; Nindl et al., 2007).  

2.8 EFFECTS OF PHYSICAL ACTIVITY ON PHYSICAL 
FITNESS, HEALTH, WORK ABILITY, AND PERFORMANCE 

   Physical activity has been shown to improve physical fitness (Lugowska et al., 

2023); previous studies have shown that physical activity and exercise correlate 

positively with physical fitness, as the intensity, duration, and frequency of 

movements increase (Caspersen et al., 1985). Exercise training is linked with 

improvements in both aerobic fitness and muscular performance (Brill et al., 2000; 

Warburton et al., 2006). Additionally, physical activity has several health benefits that 

are related to total energy expenditure, as well as to the intensity of the physical 

activity performed (Mendes et al., 2018).  

   Physical activity is associated with a healthy body composition, and resistance 

training has been shown to decrease fat mass (Donnelly et al., 2009). Additionally, 

an increase in daily physical activity, especially in MVPA, has been shown to have a 

positive association with changes in muscle mass (Foong et al., 2016). Moreover, 

physical activity has been shown to help with body weight control, while moderate-

intensity physical activity amounting to 150–250 minutes a week has been shown to 

prevent weight gain and might even result in modest weight loss (Donnelly et al., 

2009).  

   Furthermore, physical activity has been shown to have positive effects on other 

cardiometabolic risk factors, such as blood pressure, and glucose and lipid 

metabolism. Blood pressure is lower in physically active people compared with 

people engaging in only a little physical activity during their days (Pengcheng et al., 
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2013). Added to this, both low- and moderate-intensity isometric resistance training 

has been shown to lower blood pressure in people with slightly elevated (or normal) 

blood pressure values (Cornelissen et al., 2011). Further, high-volume and regular 

physical activity has been shown to lower harmful triglyceride and LDL values and 

to increase the levels of beneficial HDL values. Moreover, exercise training has been 

shown to reduce insulin resistance and lower HbA1c and fP-gluc values (Lin et al., 

2015). 

   Additionally, physical activity has shown its benefits in stress management and 

improving work ability. Physical activity has been shown to relieve stress by 

physiological mechanisms as well as by enhancing self-esteem, self-efficacy, and 

one’s predisposition to social interactions (Wijndaele et al., 2007). Sensitivity to stress 

is reduced after exercise training as it reduces the sympathetic nervous system’s 

response to stressful stimuli. It is also suggested that exercise training helps in stress 

adaptation by eliciting the same responses as stressful stimuli, and thereby, it helps 

to cope with future stressful situations (Salmon, 2001). Further, highly physically 

active employees have been shown to perform better in their work tasks compared 

with their inactive co-workers (Puig-Ribera et al., 2015), and a lack of exercise has 

been shown to be a potential risk factor for decreased on-the-job performance while 

at the workplace (Sjøgaard et al., 2016). 

2.9 RECOMMENDATIONS FOR PHYSICAL ACTIVITY 

   Physical activity guidelines for Americans recommend that adults should do at least 

150 to 300 minutes of moderate-intensity aerobic physical activity a week, 75 to 150 

minutes of vigorous-intensity aerobic physical activity a week, or an equivalent 

combination of moderate- and vigorous-intensity aerobic activity. They should also 

perform muscle-strengthening activities on two or more days a week (Piercy et al., 

2018). 

   Furthermore, the Finnish UKK Institute (at https://ukkinstituutti.fi/en/products-

services/physical-activity-recommendations/weekly-physical-activity-recommendation-for-18-

64-year-olds/) has made national recommendations for physical activity. According to 

these recommendations, adults should do at least 150 minutes of moderate-intensity 

physical activity in a week or 75 minutes of vigorous-intensity physical activity in a 

https://ukkinstituutti.fi/en/products-services/physical-activity-recommendations/weekly-physical-activity-recommendation-for-18-64-year-olds/
https://ukkinstituutti.fi/en/products-services/physical-activity-recommendations/weekly-physical-activity-recommendation-for-18-64-year-olds/
https://ukkinstituutti.fi/en/products-services/physical-activity-recommendations/weekly-physical-activity-recommendation-for-18-64-year-olds/
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week, accompanied by muscle-strengthening and muscle control activities at least 

two days a week. The physical activity can be accumulated in bouts lasting a few 

minutes. The recommendation points out that light-intensity physical activity also 

has beneficial effects on glucose and lipid metabolism, circulation, muscles, and 

joints. Therefore, LPA and interruptions in stationary time should be performed as 

often as possible (UKK Institute, 2019). 

   The daily step count is a beneficial tool for targeting daily physical activity. 

According to the National Obesity Forum (U.K.), from 3000 to 6000 steps/day is 

considered sedentary, from 7000 to 10 000 steps/day is moderately active, and >11 000 

steps/day is very active. However, according to previous studies, healthy adults can 

take anywhere between approximately 4000 and 18 000 steps/day, and 10 000 

steps/day can be considered as a reasonable target for healthy adults (Tudor-Locke 

et al., 2011). 

2.10 PHYSICAL ACTIVITY INTERVENTIONS UTILIZING SMART 
PHONE TECHNOLOGY, COUNSELLING, AND WORKTIME 
PHYSICAL ACTIVITY AND EXERCISE 

   Workplace health promotion has been shown to increase health-related prognoses 

and work ability, and physical activity has been shown to have an important part in 

workplace health promotion. Employees with the highest job strain have been 

shown to have the highest risk of leisure time inactivity, which supports the idea of 

enabling physical exercise training during working hours to keep workers in good 

health. However, conflicting results have been gained regarding the effectiveness of 

workplace physical exercise training in regard to health. Workplace physical exercise 

training has been shown to relieve pain in musculoskeletal disorders, and pain 

reduction is related to training volume. Further, workplace physical training has been 

shown to lower BMI, FAT%, blood pressure, and blood cholesterol, as well as being 

associated with a decreased risk of cardiometabolic diseases and all-cause mortality 

(Sjøgaard et al., 2016). It has also been shown to improve cardiorespiratory fitness, 

which allows a relatively lower workload, especially in physically demanding work 

(Dalager et al., 2016; Sjøgaard et al., 2016). Additionally, strength training in the 

workplace has been shown to improve functional capacity and the strength 

endurance of muscles and thereby decrease relative muscle load during repetitive 

occupational tasks.  
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   Further, accelerometer-based interventions have been shown to increase physical 

activity and decrease body weight (Goode et al., 2017; Hodkinson et al., 2019). A 

physical activity promotion intervention utilizing triaxial accelerometers and online 

feedback technique has been shown to increase MVPA rates by over 50% over a six-

week period among 11–14 year-old children (Guthrie et al., 2015). Self-monitoring 

is a key behavioral strategy in regard to increasing physical activity, and objective 

self-monitoring is regarded as the golden standard. Interventions that use self-

monitoring and activity device-driven feedback capabilities are associated with 

greater decreases in weight loss, and the effects are even greater when combined 

with behavioral counselling focused on device feedback (Goode et al., 2017; 

Hodkinson et al., 2019).  

   Moreover, internet-based interventions have shown their potential in physical 

activity changes with minimal effort. For example, a social media exercise service has 

been shown to have a positive impact on physical activity, fitness, and well-being. 

The service seemed to especially benefit overweight and less fit users (Santtila et al., 

2014, 2016). Further, smartphones allow continuous access to the internet and 

applications. Smartphones are carried everywhere, and the level of connectivity and 

reach achieved by this technology increases its value as a tool to measure and 

influence physical activity in real time. Measuring and influencing physical activity 

through a smartphone have both been shown to be related to weight reduction and 

improvements in other cardiovascular risk factors, such as blood pressure and TC. 

Physical activity profiles, real-time feedback, social networking expert consultation, 

and goal setting are key elements in facilitating physical activity engagement. 

Intervention compliance is higher when using applications rather than hard copy 

diaries and even higher when objectively measured physical activity has been 

connected to feedback and goal setting (Bort-Roig et al., 2014). Moreover, 

interventions combining physical-activity recording with constant feedback from a 

smartphone application and counseling to improve daily physical activity have been 

shown to increase daily physical activity; reduce SB; lower fasting insulin, HbA1c, 

and triglycerides; and slightly decrease waist circumference, FAT%, fat mass, and 

blood pressure (Garthwaite et al., 2022). 
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3 THE AIMS OF THE STUDY 

   The aims of the present study are to examine the existing cardiometabolic risk 

factors, body composition, physical activity, and fitness status of military employees 

and to investigate differences between soldiers and civilian employees working in a 

military workplace (Study 2). Furthermore, the study aims to develop an intervention 

to increase physical activity; improve health, body composition, physical fitness, and 

work ability; and reduce stress as well as sedentary behavior among soldiers and 

civilian employees working in a military workplace (Studies 1 and 3). Moreover, 

another aim is to study the associations between physical activity, cardiometabolic 

biomarkers, body composition, and physical fitness among soldiers and civilian 

employees working in a military workplace (Studies 2–3), as well as stress and work 

ability (Study 3). 

 

   The hypothesis is that soldiers are physically more active, physically fitter, and have 

fewer cardiometabolic risk factors and better body composition compared with 

civilian employees (Study 2). Further, the intervention is hypothesized to increase 

physical activity, improve health, physical fitness, body composition, and work 

ability, and reduce stress, as well as sedentary behavior (Studies 1 and 3). 

Additionally, the hypothesis is that physical activity is positively associated with 

cardiometabolic biomarkers, physical fitness, and body composition (Study 2) and 

work ability (Study 3). Physical activity is hypothesized to be negatively associated 

with stress (Study 3). 
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4 METHODS 

4.1 PARTICIPANTS 

   The participants worked in the FDF and were recruited from six brigades in 

Finland (the Jaeger Brigade’s Rovaniemi and Sodankylä units, the Kainuu Brigade, 

the Karelian Brigade, the Pori Brigade’s Niinisalo and Säkylä units, the Satakunta Air 

Wing, and the Coastal Brigade) (Studies 2–3). The participants had to be aged 

between 19 and 60 years old and eligible to perform the annual fitness tests of the 

FDF. Examination by an occupational physician determined if the health of the 

participant allowed her or him to perform the fitness tests. The participants received 

written information about the study together with oral instructions. They also gave 

their written informed consent to participate before the measurements. The study 

was conducted according to the guidelines of the Declaration of Helsinki and was 

approved by the Regional Ethics Committee of Tampere University Hospital area, 

Finland (R16189). A research permit was granted by Defence Command Finland 

(AN8355, 1367/12.04.01/2015; AN8355, 2055/09.05/2022) (Studies 1–3). 

   Altogether, 260 military employees took part in the study. In total, 176 male 

soldiers and 9 female soldiers, and 18 male civilian employees working for the FDF 

and 67 female civilian employees working for the FDF participated (Studies 2–3). 

The dropout chart is presented in Figure 1. The reasons for dropping out included 

changing one’s workplace to a new location, attending a crisis management mission, 

the loss of the accelerometer, the dysfunction of the accelerometer, personal reasons, 

the loss of motivation, health reasons, the lack of time, the long study duration, 

feeling uncomfortable using the accelerometer, and not gaining any interesting 

information (Study 3). 
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Figure 1.  The dropout chart 

 

 

(Study 3) 
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4.2 POWER CALCULATION AND SAMPLE SIZE 

   Before the intervention, the sample size was calculated using the participants’ 

fitness indices. According to the results of an endurance test and a muscle strength 

test, participants’ endurance and muscle strength indices were determined using age-

dependent reference values. The fitness index was calculated as an average of the 

endurance and muscle strength indices (Honkamaa et al. 2014). The calculations 

were based on the assumption that the fitness indices would increase by 0.14 for 

male soldiers; 0.45 for female soldiers; 0.34 for male civilian employees; and 0.24 for 

female civilian employees. For the evaluation of physical fitness, an appropriate 

number of study participants was approximately 175 soldiers and 99 civilians 

(G*Power 3.1.9.2, Wilcoxon signed-rank test (matched pairs), correlation between 

groups assumption r=0.80) (Studies 1,3). 

    

   In the post hoc power analysis, the effect size was calculated using the means and 

standard deviations of physical activity and physical fitness test results at the twelve-

month follow-up. The mean and standard deviation of the fitness index would be 

3.7 (SD 1.53) in the intervention group and 3.3 (SD 1.17) in the control group, and 

an allocation ratio 2/1. The effect size would be d = 0.294 (small), and the sample 

size needed would be 275 participants in the intervention group and 137 participants 

in the control group (calculated using G*Power 3.1.9.7) (Study 3). 

4.3  INTERVENTION PROTOCOL 

   The timeline of the measurements performed in the different phases of the study 

is illustrated in Table 1.  
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   The intervention group participants began their intervention six months after the 

baseline measurements. The intervention, concentrating on physical activity, lasted 

six months, during which the intervention group wore an interactive accelerometer 

(Movesense, Suunto, Espoo, Finland) that was linked to a smartphone application 

(ExSed, UKK, Terveyspalvelut Oy, Tampere, Finland) and further linked to a cloud 

service. The participants received information on their accumulated daily physical 

activity, SB, standing, and sleep quality via the smartphone application. The 

accelerometer was downloaded with ExSed algorithms with a mean amplitude 

deviation and angle for posture estimation (Vähä-Ypyä et al., 2018; Vähä-Ypyä et al., 

2015; Vähä-Ypyä et al., 2015). The accelerometer was worn on the hip during waking 

hours and on the wrist during sleep. The physical activity and sleep data were 

transmitted to the ExSed application via Bluetooth. The application provided 

constant feedback on physical activities (LPA, MVPA, steps), standing, and sleep 

quality (total sleep time, restless sleep time, restful sleep time). The recorded data 

was transmitted and saved to the cloud service. The application set daily goals for 

physical activity for each day, and the personal guidance and feedback were 

transmitted as illustrative histograms (graphical columns that illustrated participant´s 

activity and achievement of the daily goals). Participants could observe online the 

accumulation and sufficiency of their daily activity by monitoring the ExSed 

application whenever it was most convenient for them (Vasankari et al., 2019). After 

the six-month intervention, the intervention group participants returned these 

accelerometers. 

 

   The intervention group participants also received telephone counseling about their 

physical activity and exercise habits once during the six-month intervention period. 

The counseling session could be scheduled at the earliest a month from the start of 

the intervention and, at the latest, a month before the end of the intervention. The 

counseling session lasted 10 minutes, during which the participants were interviewed 

about their physical activity habits and the factors hindering these habits. The 

participants were given individualized feedback and encouraged to increase their 

physical activity and decrease their SB, if daily physical activity was not sufficient. 

Participants were encouraged to continue their exercise and physical activity routines 

as they had by far, if their physical activity was at a good level. Two physical 

education instructors and a research physician carried out the sessions using a pre-

planned interview sheet. 
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   The intervention group participants were also encouraged to use the existing 

benefit to exercise for two hours a week during working hours, starting from the 

beginning of the intervention. The possibility to exercise during working hours is 

offered to all employees working in the FDF under the existing FDF guidelines.  

 

   While the intervention was ongoing among the intervention group participants, 

the control group continued their normal exercise routines without an accelerometer 

or feedback. They were able to use the possibility to exercise during working hours, 

but they were not separately encouraged to do so (Studies 1, 3).  

4.4  RANDOMIZATION 

   The participants were randomized into intervention and control groups using a 

randomization questionnaire. In order to maximize participation, two-thirds of the 

participants were assigned to the intervention group and one-third to the control 

group. The randomization questionnaire asked for personal information in order to 

create homogenous groups according to age, gender, working status (civilian 

employee vs. soldier), and physical activity. The type of smartphone or other smart 

device that the participants used was asked about in order to confirm that the 

intervention group participants had a device that supported the application used in 

the intervention (Studies 1 and 3).   Finally, 158 participants were randomized to the 

intervention group and 101 to the control group. Altogether, 108 (68%) of the 

participants in the intervention group were soldiers and 50 (32%) were civilians, and 

113 (72%) were men and 45 (28%) were women. In the control group, 77 (76%) of 

the participants were soldiers and 24 (24%) were civilians, and 81 (80%) were men 

and 20 (20%) were women (Study 3). 

 

4.5 MEASUREMENTS 

 

   The participants were measured at three different timepoints during the study: at 

baseline, after the intervention at the six-month follow-up, and at the twelve-month 

follow-up (six months from the end of the intervention). At the beginning of the 
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study, all the participants took part in the baseline measurements, which were carried 

out over a two-month period. The baseline measurements consisted of 

measurements of physical activity with an RM42 accelerometer (UKK 

Terveyspalvelut Oy, Tampere, Finland) for two weeks, body composition 

measurements, blood samples for cardiometabolic biomarkers, fitness tests, and an 

online questionnaire inquiring about experienced stress and work ability (Studies 1–

3). At the baseline, the questionnaire also included questions about smoking habits, 

the use of snuff, their history of hypertension, antihypertensive medication, statin 

treatment, and the use of anticoagulant medication (Studies 1–2). The intervention 

group participants were measured again at the six-month follow-up point and the 

twelve-month follow-up point, as at the baseline. At the six-month follow-up point, 

the intervention had ended, and the intervention group had returned their 

accelerometers (Movesense, Suunto, Espoo, Finland). Between the six-month and 

twelve-month follow-up points, the intervention group continued their normal 

routines without the accelerometer or feedback. 

    

   At the six-month follow-up point, the control group only performed physical 

activity measurements using an RM42 accelerometer for two weeks in order to 

investigate if there were any changes in their physical activity as a result of 

participating in the study without taking part in the intervention. At this point, they 

did not perform other measurements. The last measurements studied the 

sustainability of the intervention and were performed at the twelve-month follow-

up point. The types of measurements were the same as at the baseline, and both 

groups performed all these measurements.  

   The accelerometer (UKK RM42; UKK Terveyspalvelut Oy) measurements for 

two weeks were used to analyze the physical activity of the participants at the 

baseline, at the six-month follow-up, and at the twelve-month follow-up. The 

accelerometers were worn on a belt on the hip during waking hours. The 

accelerometer was not water resistant, and thus, it had to be taken off when 

showering and during water activities. After the two-week measurement period, the 

accelerometers were sent to the UKK Institute (Tampere, Finland), and the recorded 

data were analyzed in the institute. Immediate feedback was not given from these 

two-week accelerometer measurements, the participants received feedback from all 

the time points after the twelve-month follow-up.  
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   The device measured the acceleration in three orthogonal x, y, and z directions at 

a sampling rate of 100 Hz, and the resultant was established using these three 

components. Additionally, the mean amplitude deviation of the resultant was 

analyzed in 6 s epoch lengths (Vähä-Ypyä, et al., 2015). Physical activity was 

categorized into light activity, moderate activity, and vigorous activity according to METs 

(Vähä-Ypyä et al., 2015; Vähä-Ypyäet al., 2015). Time spent sitting and in a reclining 

position was considered as SB. The oxygen cost of movement was calculated for 

each stage as the ratio of measured oxygen consumption (ml/kg/min) to known 

speed (km/min) (Hukkanen et al., 2018; Vähä-Ypyä et al., 2015). Steps were 

identified using the magnitude of the horizontal component of the dynamic 

acceleration (Mizell, 2003). Standing still could be separated from sitting or lying with 

100% accuracy and it was analyzed separately (Vähä-Ypyä et al., 2015; Vähä-Ypyä et 

al., 2015; Vähä-Ypyä et al., 2018) (Studies 1–3). 

 

   The daily step count, length of total LPA, MVPA, standing time, and SB were 

analyzed, as well as accumulated physical activity bouts containing LPA and MVPA, 

and stationary bouts. The daily averages for physical activity accumulated from bouts 

lasting 0–3 min, 3–10 min, and longer than 10 min, as well as the stationary time 

accumulated from bouts lasting 0–20 min, 20–60 min, and longer than 60 min were 

also calculated for each participant (Study 3). The participants having data of 10 

hours from at least four days were included for further analyses. The group values 

were analyzed using the mean values for each participant (Studies 2–3). 

 

   The body composition of the participants was measured by using body mass, body 

height, BMI, FAT%, and waist circumference. The measurements were performed 

in the morning after at least two hours of fasting. Body mass, BMI, and FAT% were 

measured using the segmental multifrequency bioimpedance analysis assessment 

(InBody 720, Biospace Co Ltd., Seoul, Korea). The waist circumference was 

measured using a tape measure and the measurement was taken in the midline 

between the lowest rib and iliac crest after exhaling.  

 

   The health of the participants was evaluated by using selected cardiometabolic 

biomarkers. The blood samples for the cardiometabolic biomarkers were collected 

after a 12-hour fasting. TC, LDL, HDL, and triglycerides were analyzed to evaluate 

lipid metabolism. FP-gluc, HbA1c, and INS were analyzed to assess glucose 

metabolism. 
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   HDL, triglycerides, fP-gluc, and HbA1c were analyzed using a Konelab 20 XTi-

device (Thermo Electron Co., Vantaa, Finland), and an isolated LDL fraction was 

used for the direct measurement of LDL (the Enzymatic Colorimetric 

Determination of Serum Cholesterol method). The sensitivity for fP-gluc and 

HbA1c are 0.1 mmol/l and 0.03 mmol/l, and respectively the intra-assay coefficients 

of variance are 1.0% and 8.6%, respectively. The ranges for the total TC, triglyceride, 

HDL, and LDL assays vary from 0.1 to 15, from 0.09 to 11, from 0.04 to 2.84, and 

from 0.3 to 8.9 mmol/l, respectively.  The intra-assay coefficients of variance are 

1.1% for TC, 1.0% for triglycerides, 3.4% for LDL, and 0.5% and for HDL. INS 

was analyzed using chemical luminescence techniques (Immulite 2000, Siemens 

Healthcare Diagnostics, Camberley, UK) with an assay sensitivity of 2 mIU/l and 

inter-assay coefficients of variation of 5.1%. 

 

   The physical fitness of the participants was evaluated using endurance and muscle 

fitness tests. The endurance test measured the aerobic capacity of the participants, 

and the soldiers performed a 12 min running test (Cooper, 1968) or a cycle ergometer 

test (Storer et al., 1990) as the endurance test. Civilian employees could perform one 

of these same endurance tests or the UKK 2 km walking test (Suni et al., 1995). 

Every participant had to use the same test at every measurement point. VO2max was 

used to express the maximal aerobic capacity. The muscle fitness test consisted of 

an SLJ, one-minute of sit-ups, and one-minute of push-ups. The SLJ assessed the 

maximal power production of the lower extremities, the one-minute of push-ups and 

one-minute of sit-ups assessed the dynamic muscle endurance capacity of the trunk 

and upper extremities (Pihlainen et al., 2018) (Studies 1–3). 

 

   The work ability of the participants was analyzed with the following heading, 

statement, and question “One’s work ability at the moment compared with one’s 

work ability at its highest during one’s career: It is assumed that your work ability 

gains 10 points at its highest. What score would you give your current work ability 

on a scale of 0–10 (a zero-score meaning ‘the total inability to work’)?” The options 

ranged from 0, meaning the total inability to work, to 10, meaning work ability at its 

highest (Ilmarinen, 2007). 

 

   Experienced stress was assessed with a statement and question: “Stress is an 

emotional state where a person feels tense, restless, anxious, and/or nervous and/or 

the person has difficulty sleeping because of troubling thoughts. Are you 

experiencing this kind of stress at the moment?” The answering options were 1 
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(“Not at all”), 2 (“I’m only experiencing this a little”), 3 (“I’m experiencing this 

somewhat”), 4 (“I’m experiencing this rather a lot”), and 5 (“I’m experiencing this a 

lot”) (Kettunen et al., 2015) (Study 3). 

4.6  STATISTICAL ANALYSES 

   At the baseline, the Pearson chi-square test or an independent samples t-test was 

used to examine differences between soldiers and civilian employees. Normal 

distribution of the data was calculated for each parameter before further analyses. 

Associations between body composition, cardiometabolic risk markers, and daily 

activity at baseline were analyzed through univariable linear regression analysis. 

Results were shown by t-values with a limit value set to indicate statistical significance 

(p < 0.05). 

 

   Differences between the upper and lower quartiles of the mean daily step count 

distribution at the baseline were analyzed using independent samples t-testing. No 

adjustment for multiple tests was applied, and t- and p-values should only be 

interpreted exploratorily (Study 2). 

  

   Changes in physical activity parameters, body composition, cardiometabolic 

biomarkers, fitness test results, experienced stress, and work ability are described by 

means and standard deviations (SD). An independent samples t-test was used to 

evaluate the differences between the intervention and control groups at the baseline, 

and after six- and twelve-month follow-ups. Pearson’s correlation analysis was used 

to examine the linear association between changes in physical activity and changes 

in body composition, cardiometabolic biomarkers, fitness test results, experienced 

stress, and work ability. The correlation analyses were performed using the changes 

from the baseline to the six-month follow-up and from the baseline to the twelve-

month follow-up. The correlation results were shown by correlation of the 

coefficient r with the number of observations in the analysis and a p-value. Statistical 

analyses were performed with SPSS (SPSS Inc, IBM Corp, Armonk, NY, USA) 

versions 27 and 28. A two-sided p-value under 0.05 was considered statistically 

significant. Unadjusted effects of the changes in measured parameters were modelled 

as normally distributed, distributed over time (baseline, six and twelve months) using 

generalized linear mixed models. Participants created potential sources of variation, 

and therefore, this subject-specific effect was included as a random effect in the 
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model (Fitzmaurice et al., 2012). Explanatory factors were modelled as fixed effects. 

The generalized linear mixed model was applied with the R statistical software 

package (version 4.4.2, Ime4 function, R Core Team [2024]. R: A language and 

environment for statistical computing. R Foundation for Statistical Computing, 

Vienna, Austria. URL http://www.R-project.org/) (Study 3). 
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5 RESULTS 

5.1 DIFFERENCES IN THE CHARACTERISTICS OF SOLDIERS 
AND CIVILIANS 

   The characteristics of the soldiers and civilian participants are presented in Table 

2. The civilians were older than the soldiers, whilst the soldiers were taller and 

heavier, with a wider waist circumference than the civilians who, in contrast, had 

higher FAT% and HDL values than the soldiers. The SB of the soldiers lasted longer 

when compared with the civilians, but the soldiers’ amount of MVPA was greater, 

and the daily step count was higher among the soldiers compared with the civilians. 

The soldiers performed better than the civilians in the fitness tests with respect to 

VO2max, push-ups, sit-ups, and the SLJ (Study 2). 
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Table 2.  A comparison between all the soldiers and civilian employees studied at the 
baseline using independent samples t-testing, (n = 260) 

 

  

Soldiers Civilians  

n Mean (SD) n Mean (SD) p-value 

Age (years) 185 40 (8) 75 47 (8) <0.001  

Height (cm) 181 179.0 (7.1) 74 169.2 (7.6) <0.001 

Body composition 

Body mass (kg) 181 87.0 (14.0) 74 77.9 (17.3) <0.001 

BMI (kg/m²) 181 27.1 (3.8) 74 27.1 (5.2) 0.968 

FAT% (%) 169 21.4 (7.8) 68 31.1 (9.9) <0.001 

Waist circumference (cm) 171 94.0 (11.4) 66 90.1 (13.5) 0.042 

Cardiometabolic risk markers 

TC (mmol/l) 159 4.90 (0.88) 72 4.96 (0.74) 0.647 

HDL (mmol/l) 159 1.44 (0.38) 72 1.62 (0.46) 0.001 

LDL (mmol/l) 159 3.33 (0.85) 72 3.17 (0.72) 0.450 

Triglycerides (mmol/l) 159 1.14 (0.60) 72 1.18 (0.99) 0.712 

HbA1c (mmol/mol) 156 34.7 (5.2) 72 34.3 (4.1) 0.555 

FP-gluc (mmol/l) 140 5.3 (0.7) 66 5.3 (0.9) 0.634 

INS (mIU/ml) 159 5.7 (6.4) 72 5.9 (6.5) 0.772 

Physical activity  

SB (hours/day) 171 9.4 (1.4) 68 9.0 (1.3) 0.017 

Standing (hours/day) 171 1.7 (0.7) 68 1.9 (0.9) 0.177 

LPA (hours/day) 171 3.7 (1.0) 68 3.6 (0.8) 0.188 

MVPA (hours/day)  171 0.9 (0.3) 68 0.7 (0.4) 0.001 

Steps (number/day) 171 7258 (2018) 68 6578 (2291) 0.025 

Fitness tests 

VO2max (ml/kg/min) 169 45.5 (8.4) 65 36.0 (10.4) <0.001 

Push-ups (rep/min) 167 39 (12) 63 30 (14) <0.001 

Sit-ups (rep/min) 167 41 (11) 64 28 (12) <0.001 

SLJ (m) 167 2.24 (0.28) 63 1.63 (0.37) <0.001 

 

n = number of participants, BMI = body mass index, FAT% = fat tissue percentage, TC = total 

cholesterol, HDL = high density lipoprotein, LDL = low density lipoprotein, HbA1c = 

hemoglobin A1c, FP-gluc = fasting glucose, INS = insulin, SB = sedentary behavior, LPA = light 

physical activity, MVPA = moderate-to-vigorous physical activity, VO2max = maximal oxygen 

uptake, SLJ = standing long jump (Study 2) 
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   Snuff use was more common (p = 0.024) among the soldiers (16.1%) than among 

the civilians (4.8%). No differences were discovered in smoking habits (soldiers 5.6% 

vs. civilians 4.8%), the use of antihypertensive medication (soldiers 7.0% vs. civilians 

11.1%), cholesterol medication (soldiers 4.2% vs. civilians 4.8%), anticoagulant 

medication (soldiers 0.7 vs. civilians 3.2%), or the prevalence of hypertension 

(soldiers 10.5% vs. civilians 12.7%) (Study 2).  

5.2 DIFFERENCES IN CHARACTERISTICS BETWEEN THE 
MALE SOLDIERS AND MALE CIVILIANS 

   The characteristics of the male soldiers and male civilians are presented in Table 

3. The male civilians were older than the male soldiers. The soldiers also performed 

better in the muscle fitness tests. Further, the male soldiers had better push-up, sit-

up, and SLJ results compared with the male civilians. In other examined variables, 

no differences between the male soldiers and civilians were detected (Study 2). 
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Table 3.  A comparison between the male soldiers and male civilian employees at the 
baseline using independent samples t-testing (n = 194) 

 

  

Male soldiers Male civilians  

n Mean (SD) n Mean (SD) p-value 

Age (years) 176 40 (8) 18 48 (8) <0.001  

Height (cm) 173 179.6 (6.3) 18 179.3 (5.3) 0.844 

Body composition 

Body mass (kg) 173 87.6 (13.8) 18 89.2 (15.6) 0.654 

BMI (kg/m²) 173 27.1 (3.9) 18 27.8 (4.7) 0.533 

FAT% (%) 161 20.8 (7.4) 16 24.4 (8.4) 0.070 

Waist circumference (cm) 163 94.3 (11.4) 17 98.2 (13.9) 0.199 

Cardiometabolic risk markers 

TC (mmol/l) 150 4.93 (0.88) 17 4.83 (0.82) 0.661 

HDL (mmol/l) 150 1.42 (0.38) 17 1.33 (0.36) 0.340 

LDL (mmol/l) 150 3.28 (0.84) 17 3.36 (0.86) 0.705 

Triglycerides (mmol/l) 150 1.14 (0.62) 17 1.50 (1.71) 0.401 

HbA1c (mmol/mol) 147 34.8 (5.3) 17 34.3 (3.1) 0.678 

FP-gluc (mmol/l) 134 5.4 (0.7) 15 5.4 (0.6) 0.794 

INS (mIU/ml) 150 5.8 (6.6) 17 5.4 (4.1) 0.836 

Physical activity  

SB (hours/day) 163 9.5 (1.4) 16 8.9 (1.7) 0.145 

Standing (hours/day) 163 1.7 (0.7) 16 1.5 (0.8) 0.378 

LPA (hours/day) 163 3.7 (1.0) 16 3.7 (0.9) 0.957 

MVPA (hours/day)  163 0.9 (0.3) 16 1.0 (0.4) 0.220 

Steps (number/day) 163 7241 (2002) 16 7588 (2010) 0.509 

Fitness tests 

VO2max (ml/kg/min) 163 45.8 (8.3) 17 43.3 (10.9) 0.284 

Push-ups (rep/min) 160 40 (12) 16 29 (15) 0.002 

Sit-ups (rep/min) 160 41 (10) 16 35 (10) 0.021 

SLJ (m) 160 2.26 (0.27) 15 2.02 (0.27) 0.001 

n = number of participants, BMI = body mass index, FAT% = fat tissue percentage, TC = total 

cholesterol, HDL = high density lipoprotein, LDL = low density lipoprotein, HbA1c = glycated 

hemoglobin, FP-gluc = fasting glucose, INS = insulin, SB = sedentary behavior, LPA = light 

physical activity, MVPA = moderate-to-vigorous physical activity, VO2max = maximal oxygen 

uptake, SLJ = standing long jump (Study 2) 
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   No statistically significant differences between the groups were observed in regard 

to smoking (soldiers 5.9% vs. civilians 0.0%), snuff use (soldiers 16.3% vs. civilians 

12.5%), antihypertensive medication (soldiers 7.4% vs. civilians 6.3%), cholesterol 

medication (soldiers 4.4% vs. civilians 6.3%), anticoagulant medication (soldiers 

0.7% vs. civilians 6.3%), or the prevalence of hypertension (soldiers 10.4% vs. 

civilians 0.0%) (Study 2).  

5.3 THE ASSOCIATION OF BODY COMPOSITION, 
CARDIOMETABOLIC RISK MARKERS, AND FITNESS TEST 
RESULTS WITH PHYSICAL ACTIVITY CONSIDERING ALL 
THE PARTICIPANTS 

   The results from a univariable linear regression analysis are presented in Table 4. 

Only triglycerides had strong associations (p < 0.001) with all the components of 

physical activity. FAT% association was strong with LPA, MVPA, and the means 

for both standing and step (p < 0.001), but weaker with SB (p < 0.05). TC, LDL, and 

HbA1c were not associated with physical activity. All the fitness tests had strong 

associations with LPA, MVPA, and step means (p < 0.001) but not with SB or 

standing time. Additionally, both VO2max’s and push-ups’ associations with 

standing and step means were sufficient to be considered statistically significant (p < 

0.05). 

 

   All the body composition measurements and the HDL, triglycerides, and fP-gluc 

values had strong associations with standing time (p < 0.001). BMI, FAT%, waist 

circumference, TC, and INS had strong associations with MVPA and daily step 

count (p < 0.001) (Study 2). 
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Table 4.  Univariable explanators for the LPA, the MVPA, SB, daily standing, and daily 
steps means (n = 239) at the baseline (for all participants). Linear regression 
was used, the results shown by means of t-values.  

 

  

 LPA MVPA SB Standing Steps 

n t-value t-value t-value t-value t-value 

Body composition 

Body mass (kg) 236 -1.387 **-2.584 4.097** ***-7.649 **-3.356 

BMI (kg/m2) 236 -1.889 ***-4.399 3.440* ***-7.032 ***-4.285 

FAT% (%) 219 ***-4.033 ***-8.630 2.588* ***-3.755 ***-7.418 

Waist circumference (cm) 217 -1.535 ***-3.726 3.444* ***-6.409 ***-4.244 

Cardiometabolic risk markers 

TC (mmol/l) 217 -0.107 -1.283 0.307 -0.517 -0.582 

HDL (mmol/l) 217 1.601 **2.766 -3.503* ***6.763 **3.466 

LDL (mmol/l) 217 -1.108 -1.683 0.427 -1.553 -1.020 

Triglycerides (mmol/l) 217 ***-3.670 ***-3.618 4.794** ***-4.993 ***-4.175 

HbA1c (mmol/mol) 214 -0.973 -0.050 0.198 -0.442 -0.476 

FP-gluc (mmol/l) 195 **-2.676 **-2.053 2.758* ***-3.747 **-2.425 

INS (mIU/ml) 217 **-2.674 ***-4.497 2.901* -3.008 ***-4.672 

Fitness tests 

VO2max (ml/kg/min) 218 ***3.910 ***7.800 -2.719* **2.915 ***6.645 

Push-ups (rep/min) 213 ***4.249 ***5.499 -1.968* **1.963 ***5.304 

Sit-ups (rep/min) 214 ***3.868 ***5.718 -1.221 **2.218 ***4.775 

SLJ (m) 213 ***3.919 ***5.337 0.681 0.162 ***4.203 

n = number of participants, LPA = light physical activity, SB = sedentary behavior, BMI = body 

mass index, FAT% = fat tissue percentage, TC = total cholesterol, HDL = high density 

lipoprotein, LDL = low density lipoprotein, HbA1c = glycated hemoglobin, FP-gluc = fasting 

glucose, INS = insulin, VO2max = maximal oxygen uptake, SLJ = standing long jump (Study 2) 

 

**p < 0.05, threshold |t = 1.96|; ***p < 0.001 
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5.4 COMPARISONS BETWEEN THE MOST ACTIVE AND 
PASSIVE PARTICIPANTS 

   The most active and passive 25% of all the participants were compared in 

accordance with the upper and lower quartiles of the steps distribution, using the 

mean daily step count. The analyses revealed statistically significant differences 

between the groups in all body composition measurements and fitness test results 

(see Table 5). When examining the differences between the cardiometabolic 

biomarkers, statistically significant differences were detected between the groups 

when comparing HDL, triglycerides, fP-gluc, and INS. The results did not differ 

between the most active and passive participants when only the male participants 

were included in the analyses (see Table 6) (Study 2). 
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Table 5.  A comparison between the most active and passive participants (of all the 
participants) using the mean lowest quartile and highest quartile of the daily 
steps with independent samples t-testing 

 

  

Daily steps mean 

lower quartile 

Daily steps mean 

upper quartile  

n Mean (SD) n Mean (SD) p-value 

Body composition 

Body mass (kg) 59 90.5 (19.9) 58 80.7 (12.1) 0.002 

BMI (kg/m²) 59 29.2 (5.4) 58 26.2 (3.0) <0.001 

FAT% (%) 55 31.1 (10.0) 54 20.1 (7.0) <0.001 

Waist circumference (cm) 50 99.2 (15.0) 53 89.6 (8.7) <0.001 

Cardiometabolic risk markers 

TC (mmol/l) 53 5.12 (0.80) 52 4.94 (0.77) 0.224 

HDL (mmol/l) 53 1.40 (0.40) 52 1.62 (0.42) 0.008 

LDL (mmol/l) 53 3.38 (0.73) 52 3.20 (0.83) 0.254 

Triglycerides (mmol/l) 53 1.58 (0.17) 52 0.98 (0.35) <0.001 

HbA1c (mmol/mol) 51 35.8 (6.6) 50 35.3 (5.3) 0.711 

FP-gluc (mmol/l) 48 5.6 (1.2) 43 5.2 (0.6) 0.022 

INS (mIU/ml) 53 9.7 (10.4) 52 3.8 (4.0) <0.001 

Fitness tests 

VO2max (ml/kg/min) 50 36.5 (9.8) 55 47.6 (8.7) <0.001 

Push-ups (rep/min) 45 29 (14) 55 41 (12) <0.001 

Sit-ups (rep/min) 46 29 (14) 55 41 (10) <0.001 

SLJ (m) 46 1.86 (0.50) 55 2.18 (0.35) <0.001 

n = number of participants, BMI = body mass index, FAT% = fat tissue percentage, TC = total 

cholesterol, HDL = high density lipoprotein, LDL = low density lipoprotein, HbA1c = glycated 

hemoglobin, FP-gluc = fasting glucose, INS = insulin, VO2max = maximal oxygen uptake, SLJ = 

standing long jump (Study 2) 
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Table 6.  A comparison between the most active and passive male participants using the 
mean lowest quartile and highest quartile of the mean daily steps with 
independent samples t-testing 

 

  

Daily steps, lower 

quartile 

Daily steps, upper 

quartile  

n Mean (SD) n Mean (SD) p-value 

Body composition 

Body mass (kg) 35 97.6 (18.1) 46 83.6 (9.7) <0.001 

BMI (kg/m²) 35 29.6 (5.3) 46 26.3 (2.4) <0.001 

FAT% (%) 32 26.3 (8.4) 43 17.7 (5.0) <0.001 

Waist circumference (cm) 31 103.7 (14.4) 43 90.5 (7.8) <0.001 

Cardiometabolic risk markers 

TC (mmol/l) 29 5.02 (0.86) 40 4.97 (0.85) 0.803 

HDL (mmol/l) 29 1.22 (0.30) 40 1.54 (0.37) <0.001 

LDL (mmol/l) 29 3.40 (0.77) 40 3.29 (0.89) 0.582 

Triglycerides (mmol/l) 29 1.81 (1.41) 40 1.00 (0.38) 0.005 

HbA1c (mmol/mol) 28 37.6 (7.7) 38 34.9 (5.2) 0.097 

FP-gluc (mmol/l) 25 5.9 (1.1) 32 5.1 (0.6) 0.002 

INS (mIU/ml) 29 11.1 (11.0) 40 4.0 (4.3) 0.002 

Fitness tests 

VO2max (ml/kg/min) 31 40.5 (9.0) 44 50.1 (6.3) <0.001 

Push-ups (rep/min) 29 32 (14) 44 44 (10) <0.001 

Sit-ups (rep/min) 29 35 (11) 44 43 (8) 0.001 

SLJ (m) 29 2.12 (0.37) 44 2.31 (0.22) 0.014 

n = number of participants, BMI = body mass index, FAT% = fat tissue percentage, TC = total 

cholesterol, HDL = high density lipoprotein, LDL= low density lipoprotein, HbA1c = glycated 

hemoglobin, FP-gluc = fasting glucose, INS = insulin, VO2max = maximal oxygen uptake, SLJ = 

standing long jump (Study 2) 

5.5 CHANGES IN PHYSICAL ACTIVITY 

   Characteristics of the participants in the intervention and control groups at the 

baseline are presented in Table 7, and changes in physical activity from the baseline 

to the six-month and twelve-month follow-ups are presented in Table 8. Only 

standing time tended to increase (p = 0.056) among the intervention group 

participants during the twelve-month follow-up compared to the control group 
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participants, among whom the standing time decreased. When observing changes in 

physical activity in time, SB (p < 0.001) decreased, and MVPA (p < 0.001), steps (p 

= 0.002), and physical activity accumulated from bouts lasting longer than 10 min (p 

< 0.001) increased from baseline to six-month follow-up. Moreover, the total 

stationary time accumulated from bouts lasting 20-60 min and longer than 60 min 

tended to decrease (p = 0.098) during this time interval. Furthermore, from the 

baseline to the twelve-month follow-up, LPA (p = 0.014), physical activity 

accumulated from bouts lasting 0-3 min (p = 0.041), and physical activity 

accumulated from bouts lasting 3-10 min (p = 0.003) decreased, and the total 

stationary time accumulated from bouts lasting longer than 60 min (p = 0.046) 

increased. Further, the total stationary time accumulated from bouts lasting 0-20 min 

tended to decrease (p = 0.061). Still, no statistically significant differences in changes 

in physical activity parameters could be observed between the intervention and 

control groups according to the follow-up time (Study 3). 
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Table 7.   Baseline characteristics of intervention and control group participants (Study 3) 

  

Intervention group Control group 

n Mean (SD) n Mean (SD) 

Age (years) 158 42 (8) 101 41 (9) 

Stress 131 2.3 (1.0) 75 2.6 (1.0) 

Work ability 130 8.3 (1.3) 75 8.2 (1.6) 

Body mass index (kg/m²) 154 27.2 (4.4) 100 27.0 (4.2) 

Fat tissue percentage (%) 144 24.7 (9.7) 92 23.3 (9.2) 

Waist circumference (cm) 143 93.0 (12.4) 93 93.0 (11.6) 

Total cholesterol (mmol/l) 139 4.95 (0.89) 91 4.88 (0.75) 

HDL (mmol/l) 139 1.47 (0.40) 91 1.53 (0.45) 

LDL (mmol/l) 139 3.28 (0.84) 91 3.16 (0.76) 

Triglycerides (mmol/l) 139 1.17 (0.83) 91 1.13 (0.58) 

Glycated hemoglobin (mmol/mol) 138 34.7  (5.4) 89 34.3 (3.8) 

Fasting glucose (mmol/l) 122 5.4 (0.9) 84 5.3 (0.5) 

Insulin (mIU/ml) 139 6.0 (7.2) 91 5.3 (5.1) 

Sedentary behavior (min/day) 146 560 (78) 93 556 (93) 

Standing (min/day) 146 99 (41) 93 112 (50) 

Light physical activity (min/day) 146 221 (59) 93 220 (57) 

Moderate to vigorous physical activity (min/day)  146 49 (20) 93 52 (23) 

Steps (number/day) 146 6955 (2027) 93 7237 (2250) 

St 0–20 (min/day) 146 356 (58) 93 358 (56) 

St 20–60 (min/day) 146 210 (52) 93 217 (63) 

St 60+ (min/day) 146 94 (52) 93 93 (50) 

PA 0-3 (min/day) 146 150 (32) 93 151 (31) 

PA 3-10 (min/day) 146 53 (18) 93 53 (19) 

PA 10+ (min/day) 146 66 (35) 93 67 (35) 

Maximal oxygen uptake (ml/kg/min) 138 42.7 (9.5) 95 43.2 (10.7) 

Push-ups (rep/min) 139 37 (14) 90 36 (13) 

Sit-ups (rep/min) 140 37 (13) 90 39 (11) 

Standing long jump (m) 139 2.08 (0.43) 90 2.06 (0.38) 

Fitness index 127 3.54 (1.16) 87 3.53 (1.05) 

n = number of participants, HDL = high density lipoprotein, LDL= low density lipoprotein, St 0–20, 20–60, 

60+= stationary time accumulating in bouts lasting 0–20 min, 20-60 min, longer than 60 min,  PA 0–3, 3-10, 

10+ = physical activity accumulating in bouts lasting 0–3 min, 3–10 min, longer than 10 min 
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5.6 CHANGES IN THE BODY COMPOSITION  

   The changes in body composition from the baseline to the six-month and the 

twelve-month follow-ups are presented in Table 9. There were no statistically 

significant differences in the changes in body composition between the intervention 

and control group participants during the twelve-month follow-up. When observing 

changes in body composition in time, FAT% decreased from the baseline to the six-

month follow-up (p = 0.009) and from the baseline to the twelve-month follow-up 

(p = 0.022). The FAT% decreased more among the intervention group than in the 

control group during the twelve-month follow-up, but the difference was not 

statistically significant between groups according to the follow-up time (Study 3).  
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5.7 CHANGES IN THE CARDIOMETABOLIC BIOMARKERS 

   The changes in cardiometabolic biomarkers from the baseline to the six-month 

and the twelve-month follow-ups are presented in Table 10. There were no 

statistically significant differences in the changes in the cardiometabolic biomarkers 

between the intervention and control groups during the twelve-month follow-up. 

When observing changes in cardiometabolic biomarkers in time, HDL decreased 

from the baseline to the six-month follow-up (p = 0.028) and from the baseline to 

the twelve-month follow-up (p = 0.002), and HbA1c increased (p < 0.001) in both 

time intervals. The changes in these parameters occurred without group effect during 

the follow-up (Study 3). 

 



 

77

 

T
ab

le
 1

0.
  

T
h

e 
ch

an
g

es
 (

Δ
) 

in
 c

ar
d

io
m

et
ab

o
lic

 b
io

m
ar

ke
rs

 f
ro

m
 t

h
e 

b
as

el
in

e 
to

 t
h

e 
6-

m
o

n
th

 a
n

d
 1

2-
m

o
n

th
 f

o
llo

w
-u

p
s 

(S
tu

d
y 

3)
 

   
In

te
rv

en
ti

o
n

 g
ro

u
p

 
C

o
n

tr
o

l g
ro

u
p

 
t-

va
lu

es
 (

an
d

 p
-v

al
u

es
 if

 p
 <

 0
.1

0)
 f

o
r 

d
if

fe
re

n
ce

s 

 

 
Δ

B
L–

6-
m

on
th

 

fo
llo

w
-u

p 

  

 
Δ

B
L–

12
-m

on
th

 

fo
llo

w
-u

p 

  

 
Δ

B
L–

12
-m

on
th

 

fo
llo

w
-u

p 

G
ro

up
 

In
t v

s 

C
on

t 

T
im

e 

6 
m

o 

vs
 B

L
 

T
im

e 

12
 m

o 

vs
 B

L
 

In
te

rv
ev

en
tio

n 

* 
12

 m
o 

 
n 

M
ea

n 
(S

D
) 

n 
M

ea
n 

 
(S

D
) 

n 
M

ea
n 

(S
D

) 
 

 
 

 

T
C

 (
m

m
ol

/l)
 

73
 

-0
.1

4 
(0

.7
8)

 
54

 
-0

.1
4 

(0
.7

6)
 

43
 

0.
06

 
(0

.7
5)

 
-0

.1
4 

-1
.0

7 
-0

.0
3 

(-
1.

60
) 

H
D

L 
(m

m
ol

/l)
 

73
 

-0
.0

7 
(0

.2
7)

 
54

 
-0

.0
6 

(0
.2

8)
 

43
 

-0
.0

8 
(0

.1
7)

 
-1

.0
7 

**
-2

.2
1 

**
-3

.1
8 

(0
.1

6)
 

LD
L 

(m
m

ol
/l)

 
73

 
-0

.0
8 

(0
.6

4)
 

54
 

-0
.0

5 
(0

.7
0)

 
43

 
0.

06
 

(0
.7

2)
 

0.
60

 
-0

.6
8 

0.
07

 
(-

1.
39

) 

T
rig

ly
ce

rid
es

 (
m

m
ol

/l)
 

73
 

0.
01

 
(0

.4
2)

 
54

 
<

0.
01

 
(0

.4
9)

 
43

 
0.

19
 

(0
.6

0)
 

-0
.3

9 
-0

.1
0 

1.
13

 
(-

0.
87

) 

H
bA

1c
 (

m
m

ol
/l)

 
73

 
5.

8 
(4

.0
) 

57
 

6.
0 

(3
.5

) 
44

 
5.

7 
(2

.5
) 

0.
43

 
**

*1
5.

63
 

**
*1

8.
56

 
(0

.1
7)

 

F
P

-g
lu

c 
(m

m
ol

/l)
 

63
 

0.
2 

(1
.1

) 
51

 
0.

1 
(0

.5
) 

40
 

0.
0 

(0
.5

) 
1.

40
 

**
2.

15
 

1.
09

 
(0

.9
6)

 

IN
S

 (
m

IU
/m

l)
 

73
 

1.
1 

(7
.6

) 
54

 
1.

0 
(6

.0
) 

43
 

1.
4 

(5
.1

) 
0.

63
 

1.
60

 
**

1.
98

 
(1

.1
4)

 

B
L

 =
 b

as
el

in
e,

 T
C

 =
 to

ta
l c

h
o

le
st

er
o

l,
 H

D
L

 =
 h

ig
h

 d
en

si
ty

 li
p

o
p

ro
te

in
, L

D
L

 =
 lo

w
 d

en
si

ty
 li

p
o

p
ro

te
in

, H
b

A
1c

 =
 g

ly
ca

te
d

 h
em

o
g

lo
b

in
, F

P
-g

lu
c 

=
 fa

st
in

g
 

g
lu

co
se

, I
N

S
 =

 in
su

lin
 

 D
if

fe
re

n
ce

s 
b

et
w

ee
n

 g
ro

u
p

s 
w

er
e 

m
o

d
el

le
d

 u
si

n
g

 g
en

er
al

iz
ed

 l
in

ea
r 

m
ix

ed
 m

o
d

el
s 

w
it

h
 i

n
te

ra
ct

io
n

s 
b

et
w

ee
n

 g
ro

u
p

s 
an

d
 t

im
e.

 T
-v

al
u

es
 f

o
r 

p
 ≥

 

0.
10

 in
te

ra
ct

io
n

s 
w

er
e 

sh
o

w
n

 in
 p

ar
en

th
es

es
 w

h
en

 t
h

e 
fi

n
al

 r
es

u
lt

s 
w

er
e 

m
o

d
el

le
d

 w
it

h
o

u
t 

th
e 

in
te

ra
ct

io
n

 e
ff

ec
t.

 In
 t

h
e 

fi
n

al
 r

es
u

lt
s,

 p
-v

al
u

es
 w

er
e 

p
re

se
n

te
d

 if
 p

 <
 0

.1
0.

  *
**

 p
 <

 0
.0

01
, *

*p
 <

 0
.0

5 



 

78 

 

5.8 CHANGES IN FITNESS TEST RESULTS 

   The changes in the fitness test results from the baseline to the six-month and the 

twelve-month follow-ups are presented in Table 11. There were no statistically 

significant differences in the changes of the fitness tests between the intervention 

and control groups during the twelve-month follow-up. However, the VO2max 

tended to increase among the intervention group participants compared to those in 

the control group, but the interaction did not reach full statistical significance (p = 

0.052). Again, when observing changes in fitness test results in time, there was an 

increase in push-ups (p = 0.038) and the fitness index (p = 0.044) from the baseline 

to the twelve-month follow-up, but no statistically significant interaction effect was 

found between the intervention and control groups according to the follow-up time 

(Study 3). 
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5.9 STRESS AND WORK ABILITY 

   Changes in stress and work ability from baseline to the six-month and the twelve-

month follow-ups are presented in Table 12. There was less stress among the 

intervention group than in the control group (p = 0.049). When observing changes 

in stress and work ability in time, experienced stress increased from the baseline to 

the six-month follow-up (p = 0.026). Furthermore, work ability tended to decrease 

(p = 0.088) from the baseline to the twelve-month follow-up, but the difference did 

not reach statistical significance between the intervention and control groups 

according to the follow-up time or their interaction (Study 3). 
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5.10 THE RELATIONSHIPS BETWEEN THE CHANGES IN THE 
PHYSICAL ACTIVITY, BODY COMPOSITION, 
CARDIOMETABOLIC BIOMARKERS, AND FITNESS TEST 
RESULTS 

   The six-month intervention-induced changes (Δ) in physical activity were 

compared with changes in body composition, cardiometabolic biomarkers, and 

fitness tests among the intervention group. Results from these analyses are presented 

in Table 13. Negative correlations were observed between Δdaily_steps and ΔBMI 

(p = 0.018), between ΔMVPA and Δsit-ups (p = 0.045), and between Δdaily_steps 

and ΔSLJ (p = 0.039). Additionally, a positive correlation was detected between ΔSB 

and ΔSLJ (p = 0.036). 

   Furthermore, the changes in physical activity were compared with changes in body 

composition, cardiometabolic biomarkers, and fitness test results during the twelve-

month follow-up among all the participants. Results from these analyses are 

presented in Table 14. A negative correlation was, respectively, observed between 

ΔLPA and ΔFAT% (p = 0.030). Positive correlations were detected between ΔSB 

and ΔBMI (p = 0.006), ΔSB and FAT% (p = 0.017), ΔLPA and Δtotal_cholesterol 

(p = 0.028), Δdaily_steps and ΔHDL (p = 0.039), and between Δdaily_steps and 

ΔVO2max (p = 0.005). Figure 2 presents the most significant correlations found 

between ΔBMI and ΔSB among all the participants (Study 3). 
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Table 13.  Correlations between change (Δ) in physical activity and changes in body 
composition, cardiometabolic biomarkers, fitness tests, work ability, and stress 
from baseline to six-month follow-up among intervention group participants 
(Study 3) 

  ΔLPA  ΔMVPA ΔSB ΔStanding ΔSteps 

 n Correlation Correlation Correlation Correlation Correlation 

ΔBody mass index 56 0.067 -0.127 0.184 0.183 **-0.316 

ΔFat percentage 52 -0.175 -0.129 0.090 0.153 -0.197 

ΔWaist circumference 22 0.346 0.131 0.012 0.040 0.029 

ΔTotal cholesterol 51 0.008 -0.163 -0.014 -0.126 -0.149 

ΔHigh-density lipoprotein 

cholesterol 

51 0.093 0.049 -0.053 -0.142 0.145 

ΔLow-density lipoprotein 

cholesterol 

51 -0.155 -0.174 0.059 -0.080 -0.177 

ΔTriglycerides 51 0.070 -0.057 0.070 -0.131 -0.118 

ΔHaemoglobin A1c 51 0.139 -0.014 -0.142 0.124 -0.011 

ΔFasting glucose 45 0.123 0.191 -0.048 -0.097 0.139 

ΔInsulin 51 -0.017 -0.067 0.084 -0.117 -0.053 

ΔMaximal oxygen uptake 7 -0.058 -0.180 0.054 0.297 -0.279 

ΔPush-ups 17 0.235 0.183 -0.274 0.209 0.137 

ΔSit-ups 17 -0.178 **-0.492 -0.063 -0.030 -0.474 

ΔStanding long jump 17 -0.315 -0.363 **0.512 -0.216 **-0.505 

ΔWorking ability 36 **0.458 0.060 -0.150 0.260 0.153 

ΔStress 36 -0.213 0.118 **0.409 -0.167 -0.012 

SB = sedentary behavior, LPA = light physical activity, MVPA = moderate to vigorous physical 

activity 

**p < 0.05 
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Table 14.  Correlations between change (Δ) in physical activity and changes in body 
composition, cardiometabolic biomarkers, fitness tests, work ability, and stress 
from baseline to the twelve-month follow-up among all participants 

  ΔLPA ΔMVPA ΔSB ΔStanding ΔSteps 

 n Correlation Correalation Correlation Correlation Correlation 

ΔBody mass index 64 -0.157 0.076 **0.338 -0.068 -0.019 

ΔFat percentage 60 **-0.281 0.021 **0.308 -0.102 -0.099 

ΔWaist circumference 44 -0.005 0.100 0.170 -0.074 0.065 

ΔTotal cholesterol 68 **0.267 0.042 -0.042 -0.042 0.192 

ΔHigh-density lipoprotein 

cholesterol 

68 0.189 0.207 -0.165 0.182 **0.251 

ΔLow-density lipoprotein 

cholesterol 

68 0.157 0.018 -0.050 -0.064 0.186 

ΔTriglycerides 68 0.007 0.031 0.167 -0.155 0.009 

ΔHaemoglobin A1c 70 0.230 0.070 -0.233 0.051 0.161 

ΔFasting glucose 64 0.010 0.020 0.074 -0.033 0.041 

ΔInsulin 68 -0.177 -0.030 0.037 0.049 -0.075 

ΔMaximal oxygen uptake 16 -0.182 0.128 0.153 -0.029 **0.667 

ΔPush-ups 13 -0.056 0.041 0.168 -0.393 0.472 

ΔSit-ups 13 0.096 0.135 -0.355 0.109 0.307 

ΔStanding long jump 14 -0.149 0.266 0.138 -0.441 0.310 

ΔWorking ability 66 0.209 0.112 -0.185 0.054 0.202 

ΔStress 66 0.088 0.075 -0.025 0.107 0.070 

SB = sedentary behavior, LPA = light physical activity, MVPA = moderate to vigorous physical 

activity 

**p < 0.05 
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Figure 2.  The correlation of the changes (Δ) in sedentary behavior (SB) and changes in body 
mass index (BMI) between the baseline and the 12-month follow-up among all the 
participants 

 

r = 0.338 

n = 64 

p = 0.006 
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6 DISCUSSION 

   The present study examined the existing cardiometabolic risk factors, body 

composition, physical activity, and fitness status of military employees and 

investigated differences between soldiers and civilian employees working in a military 

workplace. Soldiers appeared to have better muscular strength compared to civilians, 

and LDL and SB established cardiovascular disease risk despite good physical activity 

and fitness status in both professional groups (Study 2). Further, the study aimed to 

develop an intervention to increase physical activity; improve health, body 

composition, physical fitness, and work ability; and reduce stress as well as sedentary 

behavior among soldiers and civilian employees working in a military workplace. The 

intervention succeeded in creating a positive trend in standing behavior in the long 

term, but the difference between the groups did not reach statistical significance 

(Studies 1-3). 

6.1 PHYSICAL ACTIVITY AND ITS CHANGES AMONG THE 
EMPLOYEES  

   The present study showed that the physical activity level of both soldiers and 

civilians reached the recommended 150 minutes of MVPA a week (UKK Institute, 

2019) at the baseline, and there was no statistical difference between these groups. 

Still, the average SB was high in both the soldiers and civilians, and no statistically 

significant differences between the professional groups were detected. Despite the 

fact that physical activity has been shown to partially diminish the harmful effects of 

SB on health, previous studies have shown that over seven hours of SB in a day is a 

health risk even if one partakes in a sufficient amount of daily physical activity (Chau 

et al., 2013) (Study 2). 

 

   Further, there were no statistically significant differences between the intervention 

and control groups in the changes in physical activity or SB during the follow-up. 

The implemented intervention tended to increase daily standing time among the 

intervention group in the long term, but the interaction did not reach statistical 
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significance (Study 3). Previously, interventions targeted to reduce SB have shown 

reductions in sitting time, largely achieved by increasing standing behavior (Curran 

et al., 2021). Replacing SB with standing might be an easier habit to implement and 

maintain in a daily routine compared with separate physical activity exercise sessions, 

which can explain these findings. However, during the time interval from baseline 

to the twelve-month period, there were reductions in MVPA and LPA in addition 

to the reduction in SB among the intervention group. This might indicate that 

standing has replaced some of the time spent in LPA and MVPA. Again, longer daily 

standing time was associated with higher HDL, lower triglycerides, and lower fP-

gluc values at the baseline (Study 2). Replacing sitting or reclining with standing 

increases skeletal muscle activity and thereby improves glucose and lipid metabolism 

(Healy et al., 2015) and standing more has been shown to associate beneficially with 

hepatic insulin sensitivity (Laine et al., 2024), which shows the importance of 

standing behavior replacing SB in health promotion. However, the change in daily 

standing time during the twelve-month follow-up among the intervention group was 

only 18 min/day, which is not supposed to cause major improvements in health 

parameters, while it also replaced some of the daily MVPA and LPA, which are 

associated positively with cardiometabolic health (Healy et al., 2015; Laine et al., 

2024; Curran et al., 2021; Vanhees et al., 2012).  

 

   Altogether, MVPA and daily step count increased, and SB decreased during the 

six-month follow-up in both the intervention and control groups. However, there 

were no statistically significant differences in the changes in these physical activity 

parameters between the intervention and control groups during this time interval. It 

appears that mere participation in the present study increased the daily physical 

activity among the studied participants. This phenomenon has been recognized in 

previous studies in this field (Baker et al., 2008; 2011; Hodkinson et al., 2019). The 

control group participants were aware that their physical activity would be evaluated, 

which might have motivated them to increase their physical activity and decrease SB 

as well.  

 

   The increases in the daily physical activity were not permanent as the daily physical 

activity had decreased back to the baseline level in both groups by the time of the 

twelve-month follow-up period. The LPA even reduced from the baseline values 

among the intervention group participants. This means that after active monitoring 

had ended, participants returned to their old physical activity habits, and no 

permanent behavioral change was achieved. Previous studies of physical activity 
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interventions have shown similar results: the decline of the attained physical activity 

improvements back to the baseline levels after the active monitoring has ended, even 

when statistically significant progress had been achieved (Baker et al., 2008, 2011; 

Hodkinson et al., 2019). Long-term, and finally permanent, increase in daily physical 

activity and decrease in SB would be desirable, while the health benefits facilitated 

by healthy physical activity habits would also be long-lasting. While combining 

device-based physical activity monitoring and regular consultations (face-to-face or 

remotely) with health professionals have been shown to improve the sustainability 

of behavioral change induced by the intervention (Baker et al., 2011; Hodkinson et 

al., 2019), one solution would be to continue monitoring and physical activity 

counseling as a permanent habit provided by the employer. However, previously low 

adherence has been shown in device-based physical activity monitoring in the long 

term (Baker et al., 2008, 2011; Hodkinson et al., 2019), and better results have been 

achieved when the physical activity goals have been targeted by minutes. Further, 

during the present study the physical activity instructors asked for feedback on the 

accelerometers (the results were published as part of their thesis) and the feedback 

revealed that many of the intervention group participants thought that the 

attachment of the device was unreliable and the use of the device was impractical 

(Alakärppä & Anttila, 2019). Therefore, targeting the physical activity goals by 

minutes might provide more flexibility in achieving the minutes compared with 

device-monitored step count targets and remove the inconveniences caused by 

having to carry a separate device to measure physical activity (Baker et al., 2011).  

 

   Moreover, the adherence to change in physical activity habits is challenged by the 

nature of work in the military. The work tasks might vary on a weekly basis for both 

soldiers and civilians working in the military workplace. Some weeks contain basic 

office tasks from 8:00 to 16:00, and some weeks are spent in field training, where 

everyone is practically on duty 24 hours a day, sleep time is usually deprived, and 

even eating times might have wide variability. This lack of routine might hinder the 

development of long-lasting positive physical activity habits. Therefore, pre-

scheduled exercise sessions in every field training day provided by the employer 

might be one solution to provide the possibility to keep up with the physical activity 

routines (Study 3). 
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6.2 CHANGES IN BODY COMPOSITION AND ITS 
ASSOCIATION WITH PHYSICAL ACTIVITY 

   In terms of body composition, a statistically significant decline in the FAT% was 

detected during the intervention and between the baseline and the twelve-month 

follow-up in the intervention group. There was a statistically significant increase in 

physical activity from baseline to the six-month follow-up, but the physical activity 

had decreased back to the baseline level by the end of the twelve-month follow-up 

(Study 3). At the baseline, longer daily standing time had an association with lower 

BMI, FAT%, and smaller waist circumference (Study 2), but there were no 

correlations between changes in these parameters during the six-month or twelve-

month follow-ups (Study 3). This might indicate that a reduction in FAT% can be 

due to other factors, such as diet (Pérez-Escamilla et al., 2012), or improved sleep 

(St-Onge et al., 2017), while the application used in the intervention also gave 

feedback on sleeping habits. 

   At the baseline, FAT% indicated a strong association with all-intensity physical 

activity, showing higher physical activity levels to associate with lower FAT%. 

Moreover, lower BMI and smaller waist circumference were associated with a greater 

amount of MVPA and higher daily step count. In comparing the upper quartile active 

participants and lower quartile passive participants, the upperquartile active 

participants had lower BMI, FAT%, and a smaller waist circumference (Study 2). 

Further, Δdaily steps correlated negatively with ΔBMI during the intervention among 

the intervention group participants. Respectively, ΔLPA correlated negatively with 

ΔFAT% between the baseline and the twelve-month follow-up among all the 

participants. Additionally, ΔSB correlated positively with ΔFAT% and ΔBMI during 

the time interval from the baseline to the twelve-month follow-up among all the 

participants (Study 3). The results revealed a positive connection between physical 

activity and body composition. Replacing SB with standing or a higher-intensity 

physical activity has been shown to lead to a beneficial lower BMI, waist 

circumference, and FAT% (Gupta et al., 2016). Further, physical activity measured 

using daily step count and LPA are associated with healthier body composition, 

representing as lower BMI and a smaller waist circumference (Dwyer et al., 2007; 

Wilson et al., 2021), and SB is associated with higher adiposity (Macias et al., 2024), 

indicating that the findings are well in line with previous studies. 
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6.3 CHANGES IN CARDIOMETABOLIC BIOMARKERS AND ITS 
ASSOCIATION WITH PHYSICAL ACTIVITY 

   There were no statistically significant differences between the intervention and 

control groups when comparing the changes in cardiometabolic biomarkers. 

However, there were statistically significant increases in HbA1c, fP-gluc, and INS, 

and a decrease in HDL during the follow-up. These findings indicate negative 

changes in glucose and lipid metabolism. Employees in high-stress occupations, such 

as firefighters, military, and law enforcement personnel, are exposed to many 

different stressors, such as psychological, physiological, and environmental stressors 

(Carey et al., 2011; Garbarino et al., 2002; Hoge et al., 2006). These stressors have 

been shown to increase the risk of cardiovascular disease to develop (Huang et al., 

2013). Moreover, cardiovascular risk factors for coronary disease and metabolic 

syndrome have been shown to be common among firefighters and police officers 

despite their good physical fitness levels (Leischick et al., 2015). During shift work, 

there may occur abnormal eating patterns caused by circadian stress (Asher et al., 

2015), which may lead to consuming sugars, sodium, and saturated fat, which 

increase the prevalence of obesity, dyslipidemia, and metabolic syndrome (Lowden 

et al., 2010; Faghri et al., 2015; Kivimäki et al., 2006). While the FAT% decreased 

during the follow-up period among the intervention group, indicating decreased 

adiposity, increases in HbA1c, INS, and fP-gluc, and the decrease in HDL might still 

be due to the quality of food consumed (De Koning et al., 2011; Aronis et al., 2012) 

(Study 3).  

   At the baseline, triglycerides indicated a strong association with all-intensity 

physical activity, showing lower triglyceride levels to be connected to higher physical 

activity levels. Moreover, INS was positively associated with MVPA and daily step 

count, showing the connection between lower INS levels and a greater amount of 

MVPA and higher daily step count. In comparing the upper quartile active 

participants and lower quartile passive participants, the upper quartile active 

participants showed more optimal HDL, triglyceride, fP-gluc, and INS values (Study 

2). Moreover, Δdaily steps correlated positively with ΔHDL among all the 

participants during the twelve-month follow-up (Study 3). Physical activity has been 

shown to increase HDL and decrease triglyceride and LDL values (Lin et al., 2015; 

Yoshida et al., 2013) and thereby improve the lipid profile. It has also been shown 

to improve glycemic control in people with DM2 (Church et al., 2010; Thomas et 

al., 2006; Yates et al., 2015). However, there was no difference in HbA1c values 
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when comparing the upper quartile active participants and lower quartile passive 

participants at the baseline. The changes in HbA1c appear slowly and provide an 

index of the average plasma glucose concentration during the previous two to three 

months. Despite normal HbA1c, people with DM2 can have increased 

cardiovascular disease risk (Woerle et al., 2004) so the results considering HbA1c 

were not informative in terms of the actual cardiovascular risk of the participants 

(Study 2).  

   Furthermore, the average of the LDL levels was over  value of 3.0 mmol/l, which 

is considered a reference value for otherwise healthy adults with low cardiovascular 

disease risk (Mach et al., 2019). There was also no difference in the LDL values when 

comparing the upper quartile active participants and lower quartile passive 

participants at the baseline, which differs from the results obtained from other 

studies that showed higher physical activity levels to be associated with lower LDL 

values (Church et al., 2010; Lin et al., 2015; Thomas et al., 2006). Elevated LDL 

values are a significant cardiovascular disease risk factor (Mach et al., 2019). These 

findings indicate that factors other than just physical activity affect the LDL profile. 

Unfortunately, nutritional factors that have a significant role in affecting LDL levels 

were not investigated in this study (Aronis et al., 2012; Eslick et al., 2009; Hartley et 

al., 2016; Lin et al., 2015; Schwingshackl & Hoffmann, 2014) (Study 2). 

6.4 DIFFERENCES IN THE PHYSICAL FITNESS BETWEEN THE 
SOLDIERS AND CIVILIANS, AND CHANGES IN PHYSICAL 
FITNESS AND ITS ASSOCIATION WITH PHYSICAL 
ACTIVITY 

   At the baseline, there was no difference between the male soldiers and male 

civilians in terms of aerobic fitness. Despite the soldiers showing better muscular 

fitness compared with the civilian employees, the average VO2max among the 

soldiers reached the level required to support military tasks, but it was not at the 

required level for mobile warfare (Vaara & Kyröläinen, 2016). The work profile of 

soldiers is physically more demanding compared with civilian tasks that mostly 

involve office or logistics work, so the soldiers should have better aerobic and 

muscular fitness compared with the civilian employees. However, the study did not 

investigate the distribution of the different tasks and the average physical fitness 

among these tasks separately. Therefore, it remains unclear if the aerobic fitness 
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among the soldiers participating in the study was sufficient for their work tasks 

(Study 2). 

   At the baseline, the higher amount of LPA, MVPA, and a higher daily step count 

were associated with better aerobic and muscular fitness. Additionally, the upper 

quartile active participants had better aerobic and muscular fitness compared with 

lower quartile passive participants. Previous studies support these findings showing 

a positive connection between physical activity and fitness (Leyk et al., 2010; Piercy 

et al., 2018) (Study 2).  

   Moreover, during the six-month intervention among the intervention group 

participants, Δdaily steps correlated positively with ΔSLJ. Further, among all the 

participants, Δdaily _steps correlated positively with ΔVO2max between the baseline 

and the twelve-month follow-up. Previous studies have shown daily step count to 

be associated positively with aerobic fitness (Cao et al., 2009) as well as the muscle 

strength of the lower extremities (Straight et al., 2015), and thus, these results are in 

line with the previous studies (Study 3). 

   Furthermore, the results showed that VO2max tended to increase in the 

intervention group compared to the control group, but the difference between the 

groups did not reach statistical significance. The fitness index also increased during 

the follow-up, but there was no statistically significant difference between the 

intervention and control group participants. Further, there was an increase in push-

up results during the twelve-month follow-up, but there was no statistically 

significant difference between the intervention and control groups. While the 

intervention did not separate the type of physical activity (e.g., muscle strength 

training from aerobic exercise training), the intervention group participants were 

encouraged to perform, positive changes in muscle strength could be expected. 

However, the accelerometers did not accurately recognize the movements that were 

performed only with the upper or lower extremities (e.g., gym exercise) (Strath et al., 

2013), so the changes in muscle strength were not expected to be remarkable.  

   Moreover, ΔMVPA correlated negatively with Δsit-ups, and ΔSB correlated 

positively with ΔSLJ during the six-month intervention among the intervention 

group participants. These findings are inconsistent with previous studies that have 

shown physical activity to associate positively with the strength of the trunk 

(Schaeffer et al., 2023) and SB to associate negatively with the strength of the lower 

extremities (Ramsey et al., 2021). However, the number of physical fitness test results 
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was sparse at the six-month and twelve-month follow-ups, which could have altered 

the results (Study 3). 

 

6.5 CHANGES IN THE EXPERIENCED STRESS AND WORK 
ABILITY, AND THEIR ASSOCIATION WITH PHYSICAL 
ACTIVITY 

   A statistically significant increase in experienced stress was observed among the 

intervention group participants during the intervention but was not detected during 

the time interval from the baseline to the twelve-month follow-up. This could be 

due to stress caused by being actively monitored during the intervention. Yet, there 

is no data from the control group after the intervention with which to compare these 

results to support this suggestion.  

   In correlation analyses, among the intervention group participants, positive 

correlations were found between ΔLPA and Δwork_ability and between ΔSB and 

Δexperienced_stress during the six-month intervention, suggesting that physical 

activity could have benefits in terms of improving work ability and reducing 

experienced stress. Previous studies have shown physical activity to relieve stress 

(Wijndaele et al., 2007) and improve work ability (Lusa et al., 2020), which supports 

the findings acquired from these correlation analyses (Study 3).  

 

6.6  STRENGTHS AND LIMITATIONS 

  The strength of the present study includes the sensor-based measurement method 

to measure physical activity, taking advantage of accelerometers (Westerterp, 2009), 

which are also able to record separately LPA, MVPA, SB, and standing. 

Furthermore, the created intervention uses smartphone technology, making it 

accessible to large populations, while smartphones and smart devices are commonly 

owned in the Western world. Further, during the intervention, participants receive 

constant individualized online feedback on their physical activity and sleeping habits, 

which extends through their workday and leisure time. This serves as an opportunity 

for precision prevention at both the workplace and free time (Mess et al., 2024). 
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Additionally, the created intervention needs only a little timely investment from the 

provider and is cost-effective, while the only additional requirements for the 

implementation of the intervention would be an accelerometer and consultation with 

a physical activity instructor once during the six-month period, neither of which 

requires big financial investments. Moreover, the mean ages of soldiers (40 years old) 

and the civilian employees (47 years old) participating in the study closely 

approximated the averages of the FDF’s workers in the recruiting year (soldiers: 39.7 

years old; civilian employees: 48 years old). Added to this, the majority of the study 

participants were men (74.6%), as was the case for the employees working for the 

FDF in the recruiting year (81.9%). Further, the majority of the participants were 

soldiers (71.2% participants in the study were soldiers) as well as employees in the 

FDF in the recruiting year (66.0% employees in the FDF were soldiers in recruiting 

year) (Defence Command’s Personnel Division, 2018). This implies that the study 

sample represents the FDF’s personnel well. Again, considering the differing gender 

distribution between soldiers and civilian employees, as well as physiological 

differences between women and men, the analysis conducted only between male 

soldiers and male civilian employees strengthens the truth value of the results in the 

present study (Study 1–3). 

   This study has several limitations. The accelerometer may not accurately recognize 

movements that are only performed with the lower or upper extremities (e.g., gym 

exercises) and movements performed in the supine position (e.g., Pilates). Further, 

the accelerometer was not water-resistant, so water activities could not be recorded 

(Strath et al., 2013). Moreover, the dropout rate was 47%, which might be affected 

by the mobile nature of the work of soldiers. Soldiers working for the FDF can be 

commanded to work in different places around Finland and might serve on crisis 

management missions in other countries at some point in their careers. Changing a 

workplace to one in a different part of the country can lower the threshold for 

dropping out of the study, and being commanded to go on a crisis management 

mission would prevent continuing participation in the study. Additionally, the 

retention of physical activity interventions tends to vary between 31% at the lowest 

to 100% at the highest (Carroll et al., 2011), indicating that the dropout rate of the 

current study is not unusual. Further analyses to compare the drop-out group with 

those who completed the study, regarding e.g. physical activity, physical fitness, sex,  

and cardiometabolic health, would enlighten the reasons for dropping out, as well as 

profit future physical activity promotion campaigns. Moreover, it took two months 

to perform the baseline measurements, and the intervention could be started six 
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months after the baseline measurements due to working schedules concerning 

conscripts’ training. During these six months between the baseline measurements 

and the beginning of the intervention might have occurred changes in the measured 

parameters. Further, the limitations include the lack of dietary assessment and the 

use of general advice to reduce SB and increase PA, while having access to monitored 

behavioral data could have allowed even more personalized recommendations. 

Additionally, the number of female soldiers was low, and therefore, no conclusions 

concerning this group can be drawn. Added to this, when comparing soldiers and 

civilian employees, the results could have been affected by the distribution of age 

and the number of participants in each professional group. Yet, the analyses to 

evaluate the rate these factors explain the current findings were not conducted. 
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7 CONCLUSIONS 

   In conclusion, there was no difference in physical activity, cardiometabolic risk 

factors, or aerobic fitness between the soldiers and civilian employees. However, the 

soldiers had better muscle strength compared with the civilians, which benefits their 

physically demanding work tasks. Moreover, both the soldiers and civilians had high 

LDL and SB, which creates cardiovascular risk despite their good physical activity 

and fitness status. While LDL was not dependent on physical activity, other 

measures, such as dietary interventions, should be considered to improve the lipid 

profile. 

 

   Furthermore, the present intervention, utilizing accelerometer-smartphone app 

technology in combination with telephone counseling and the possibility to exercise 

during two working hours a week, showed potential in increasing the daily standing 

time in the long term. Additionally, VO2max tended to increase during the twelve-

month follow-up among the intervention group participants, but the number of 

results from the aerobic fitness tests was so sparse that it distorted the results. 

Further, there were no statistically significant differences in the changes in physical 

activity parameters, physical fitness, body composition, cardiometabolic biomarkers, 

or work ability between the intervention and control groups. The variability of the 

weekly work environments, working hours, and work tasks challenges the 

implementation of this kind of physical activity intervention in a military workplace. 

Yet, creating pre-scheduled time slots for exercise, also in field training weeks, and 

pre-scheduling the baseline and follow-up measurements as well as the start of the 

intervention for set dates for all employees working in the brigades, would help to 

receive more reliable results in potential future physical activity interventions. The 

authority responsible for planning the yearly schedules for the brigades could arrange 

the timetables so that they would not disturb the education of the conscripts. 

 

   This study reveals health issues among military workers and the potential of a light 

physical activity intervention for large populations needing low investment time-wise 

by the provider, in terms of decreasing SB in a military workplace. From a practical 

point of view, a certain number of accelerometers could be provided to the willing 
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employees, and physical education officers could arrange one physical activity 

counselling session every six months for them without these arrangements adding 

them massive workload. The intervention protocol could be elaborated by adding a 

dietary intervention as a part of it. Further, using financial rewards has been shown 

to increase MVPA among sedentary employees (Losina et al, 2017). Therefore, 

offering a pay raise to those employees who succeed in increasing their daily physical 

activity in the long term could improve adherence of the participants in future 

physical activity interventions. The study also confirms the previous findings on the 

positive effects of physical activity on health, work ability, and stress. However, 

further studies with larger sample sizes should be conducted in order to evaluate the 

generalizability of the current findings (Study 1–3). 
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Abstract: Physical activity is beneficial for improving health and reducing sick leave absences.
This article describes a protocol for an intervention using an interactive accelerometer smartphone
application, telephone counselling, and physical activity recordings to increase the physical activity
of workers in the military and improve their health. Under the protocol, employees from six military
brigades in Finland will be randomly assigned to intervention and control groups. The intervention
group’s participants will use accelerometers to measure their daily physical activities and their quality
of sleep for six months. They will receive feedback based on these measurements via a smartphone
application. The intervention group’s participants will be encouraged to exercise for two hours
per week during working hours, and to participate in telephone counselling. The control group’s
participants will continue with their normal exercise routines, without the accelerometer or feedback.
The participants of both groups will be measured at the baseline, after the intervention period,
and six months after the end of the intervention. The measurements will include accelerometer
recordings, biochemical laboratory tests, body composition measurements, physical fitness tests, and
questionnaires on sociodemographic factors, physical activities, and health. The primary outcomes
will indicate changes in physical activity, physical fitness, and sick leave absences. The findings will
help to develop a straightforward and cost-effective model for supporting the health and working
capabilities of employees in the military and other workplaces.

Keywords: intervention; physical activity; physical performance; accelerometer; mobile applications;
sick leave absences; health

1. Introduction

Physical activity has many health benefits. It reduces the risk of cardiovascular diseases
such as strokes, dyslipidemia, and atherosclerosis. It also reduces insulin resistance and
prevents the development of type 2 diabetes. Physical activity also has positive effects
on sleep and mental health [1,2]. Obesity increases the risk of type 2 diabetes, coronary
disease, high blood pressure, and nonalcoholic fatty liver disease [3]. Visceral fat is a
particular health risk [4]. Regular long-term endurance training boosts cellular aerobic
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energy production and accelerates the oxidation of lipids around the body [5], leading toa
reductions in body fat, waist circumference [6], and harmful visceral fat tissue. Physically
active members of the working population also have fewer sick leave absences than those
individuals who are in poor physical condition [7,8].

Based on surveys and accelerometer measurements carried out among the working
population in Finland, the volume of endurance training is not sufficient to sustain the
health and physical fitness of the population. Objective data recorded by accelerometers
show that 76% of the day is passive time, spent mostly sitting [9]. The poor physical fitness
of workers leads to noticeable costs for employers, as well as reduced performance, eliciting
the need for physical activation measures.

The trend towards reduced physical activity levels is seen in the military environment,
even though soldiers’ good physical performance is essential for success in operations.
Therefore, working armies, such as those in the Finnish Defence Forces (the FDF), set special
demands for physical fitness. According to law, professional soldiers in the FDF must
maintain good physical fitness to meet the demands of their work. For civilian workers
in the FDF, maintaining good physical fitness is optional, but the employer can require
good physical performance in demanding tasks and peacekeeping operations [10]. A wide
survey done [11] among employees of the FDF revealed insufficient exercise habits, with
only 51% of the employees in the FDF exercising three times a week.

Reduced physical activity levels increase the risk of metabolic diseases, cardiovascular
diseases, and other diseases [1], resulting in increased human resources costs. In the
military workplace, Kyröläinen et al. [12] reported that poor muscle fitness and endurance,
as well as a high body mass index (BMI), are risk factors for productivity loss, causing
additional costs for employers. In 2016, the FDF estimated that sick leave absences cost
35 million euros [13].

To maintain the required physical performance of its workers, the FDF has developed
a set of guidelines. To activate workers, one measure in the guidelines is to offer the
opportunity to exercise during work for two hours per week, if annual fitness tests are
performed [10]. Positive results have previously been achieved using physical training
during the workday, showing that these FDF guideline measurements are a step in the
right direction [8,14–16].

A limited number of studies have been published concerning physical activity and
its effects on health in military populations. Additional actions are needed to promote
the health and exercise habits of military workers. The present study aims to develop
an intervention protocol to increase the physical activity of workers in military settings.
Promising results have previously been demonstrated in interventions using accelerometers
with online feedback and smartphone techniques in adolescents and adult civilians [17–20].
In the present study, the use of an interactive accelerometer with a smartphone application,
telephone counselling, and the possibility of exercising for two hours a week during
working hours to increase participants’ daily activities has been developed. The objectives
of this study are to improve health outcomes, reduce stress, improve the quality of sleep,
and improve the work performance of employees. The study also investigates whether
increased physical activity during the intervention will improve physical fitness and lead
to reduced sick leave absences. Thus, the hypothesis of the present study is that the
intervention will result in increased daily physical activity, improved physical fitness,
health promotion, and reduce sick leave absences. Comparing the changes in the measured
parameters between the intervention and control groups will enable the effects of the
intervention to be assessed.

2. Methods/Design
2.1. Participants

The participants will be recruited from six brigades in Finland. Information about
the study will first be delivered in an online presentation via the intranet. Later, real-life
presentations and written information will be provided to participants. Each civilian and
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military worker in the FDF, aged between 19–60 years, can be accepted for participation in
the study, subject to health considerations including fitness tests and regular occupational
health care examinations. Exclusions based on health will be determined following an oc-
cupational physician’s examination. Voluntary participants who meet the inclusion criteria
will be asked to give their written consent before taking part in the baseline measurements.

2.2. Randomization

The study’s participants will be asked to complete a randomization questionnaire.
To maximize participation, two-thirds of will be assigned to an intervention group and
one-third to a control group (Figure 1). The questionnaire will ask participants to provide
personal information to establish homogenous groups according to age, sex, working status
(civilian worker vs. soldier), and physical activity. The type of smartphone or other smart
device in use will be determined via the questionnaire. Our assumption is that the type of
smartphone will not create bias in the results, and this assumption will be confirmed when
the results are analyzed. Participants in the intervention group will be asked to confirm
that they have a device that supports the application used in the research setting.

Figure 1. Participants in the different phases of the study.

2.3. Power Calculation and Sample Size

Before the intervention begins, power calculations will be determined, based on the
means and standard deviations of personal fitness indices and short sick leave absences (i.e.,
seven or fewer calendar days) of FDF personnel. According to the results of an endurance
test and a muscle strength test, participants’ endurance and muscle strength indices will
be determined, using age-dependent reference values. The fitness index will be calculated
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as an average of the endurance and muscle strength indices [10]. The calculations will be
based on the assumption that sick leave absences would reduce as fitness indices increase
by a certain amount, i.e., that sick leave absences will reduce by 0.35 days per year for
professional soldiers and by 0.40 days per year for civilian workers. The fitness indices
will be assumed to increase by 0.14 for male soldiers; 0.45 for female soldiers; 0.34 for male
civilian workers; and 0.24 for female civilian workers. For the evaluation of physical fitness,
an appropriate number of study participants is approximately 175 soldiers and 99 civilians.
To evaluate sick leave absences, an appropriate number of participants is approximately
115 soldiers and 97 civilians (G*Power 3.1.9.2, Wilcoxon signed-rank test (matched pairs),
correlation between groups assumption r = 0.80).

2.4. Intervention

The intervention will use a technique involving an interactive accelerometer, smart-
phone application, telephone counselling, and daily physical activity recordings. The
intervention will last six months, and measurements of the intervention participants will
be performed at the baseline, immediately after the intervention, and six months after the
intervention. The intervention procedure is described in Table 1.

Table 1. Intervention procedure and measurements of the study.

Intervention
Group

Control
Group

Baseline measurements before the intervention

Questionnaire X X
Body composition

measurements X X

RM42-Accelerometer
measurements X X

Fitness tests X X
Laboratory tests X X

Intervention lasting six months

Movesense accelerometer
measurements

and smartphone application
feedback

X

Telephone counselling X

Measurements after the intervention

Questionnaire X
Body composition

measurements X

RM42 accelerometer
measurements X X

Fitness tests X
Laboratory tests X

Measurements after six months from the end of the intervention

Questionnaire X X
Body composition

measurements X X

RM42 accelerometer
measurements X X

Fitness tests X X
Laboratory tests X X
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2.4.1. Intervention Group
Accelerometer Measurements during the Intervention and Smartphone
Application Feedback

For six months, the intervention group will wear an interactive accelerometer (Movesense,
Suunto, Finland) and receive information on their daily physical activities and quality of
sleep via a smartphone application (ExSed, UKK, Terveyspalvelut Oy, Tampere, Finland)
The accelerometer will be downloaded with ExSed algorithms, with a mean amplitude
deviation MAD and angle for posture estimation APE that have been developed in the
UKK Institute (Tampere, Finland). The MAD-APE algorithms can differentiate reliably
between sitting and standing [21–23]. The accelerometers will be worn on participants’ hips
during waking hours and on their wrists during sleep. The accelerometer will transmit the
collected physical activity information and sleep data to the ExSed application via Bluetooth.
The ExSed application will provide constant feedback on users’ physical activities (e.g.,
light and moderate activity, steps), sedentary time (e.g., sitting, standing), and quality of
sleep (total sleep time, restless sleep time, restful sleep time). The recorded data will be
saved to a cloud service [24].

Telephone Counselling

The intervention group participants will receive telephone counselling on one occasion
during the six-month intervention, providing feedback about their exercise habits. During
the counselling session, which will last 10 min, participants will be interviewed about the
progression in their exercise habits and hindering factors. The counsellor will guide the
participants in finding solutions to existing problems. The telephone counselling sessions
will be carried out by two physical education instructors and a research physician, using a
pre-planned interview sheet.

Training Diary

The intervention group’s participants will be encouraged to exercise two hours per
week during working hours, a benefit that is offered to employees under existing FDF
guidelines. A training diary will be used to assess these workouts and to differentiate them
from the collected accelerometer data. Participants will note in their diaries when they
have exercised during working hours (Excel worksheet). The duration and mode of the
exercises will be reported.

2.4.2. Control Group

The control group’s participants will continue their normal exercise routines after
the baseline measurements, without an accelerometer or feedback. They can benefit from
exercising during working hours, but they will not be specifically encouraged to do so, and
no exercise diaries will be required.

2.5. Measurements

All participants will be subject to baseline measurements at the beginning of the
study, and similar measurements at the end of the study. Following the intervention, the
intervention group participants will again be subject to all these measurements to observe
the effects of the intervention. The control group participants will be subject to physical
activity measurements via an RM42 accelerometer for two weeks, to examine whether any
changes in their physical activities have taken place due to participation in the study, even
without taking part in the intervention.

2.5.1. The Questionnaire

The study’s participants will be asked to answer a questionnaire with topics concerning
their lifestyle habits, stress, physical health, and mental health. The questions have been
previously validated in various studies (see below). Participants will be asked to fill in the
questionnaire online, accessing it from a link sent to them by e-mail. The lifestyle questions
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will inquire about usage of tobacco products (e.g., cigarettes and snus), alcohol consumption,
eating, sleeping, and physical activity. To survey their dietary habits, participants will
be also asked about their consumption of different food products during the previous
week [25]. The sleep questions will be concerned with the duration of sleeping time, quality
of sleep, and interruptions of sleep, as set out in the Nordic Sleep Questionnaire [26]. The
questions about physical activity habits will include questions about the participants’ total
physical activity, which will be categorized into leisure-time physical activities (LTPA),
commuting activities (CPA), and occupational physical activities (OPA) [27]. In addition,
inactivity (e.g., screen time), self-reported illnesses, uses of medication, experiences of
stress, moods, and motivational factors related to physical activity, education, and working
status will be studied [28].

2.5.2. Fitness Tests

The fitness tests will be performed with a protocol similar to the one described in the
dissertation of Pihlainen [29]. They will include endurance and muscle fitness testing. All
fitness tests, protocols, and techniques will be standardized according to the Fitness Test
Manual of the Training Division. The annual fitness tests adhere to the regular protocol in
the Finnish Defence Forces: professional soldiers are required to take the tests annually as
a prerequisite to field training, and to encourage exercise during working hours; civilian
workers are required to take the tests to obtain permission to exercise during their working
hours. [10,30]. The tests will be supervised and demonstrated by instructors.

The FDF has three separate tests to evaluate aerobic capacity. Maximal aerobic capacity
will be assessed by a 12 min running test [31], a cycle ergometer test [32], or a UKK 2 km
walking test [33]. Each participant will select one of those three tests, depending on her/his
working status and age. If a participant is unable to perform the 12 min running test, he or
she can select either the cycle ergometer test or the UKK 2 km walking test. Each participant
will perform only one aerobic test.

Participants will perform the strength and endurance tests on different days to avoid
excess strain. Before the maximal test, participants will be asked about the following risk
factors: whether there are any personal or close family members (i.e., siblings, parents,
or children) who have had coronary disease (e.g., death due to severe cardiac disease,
cardiac infarct, cardiac bypass, or assumed or known cardiac disease-related death of a
person under 55 years of age); whether the participant has engaged in regular smoking
or quit smoking within the previous six months, or had high blood pressure (systolic
pressure ≥ 140 mmHg or diastolic pressure ≥ 90 mmHg), high cholesterol (total cholesterol
over 5.2 mmol/L, HDL under 0.9 mmol/L or LDL over 3.4 mmol/L), an inactive lifestyle
(office work and no regular exercise), high fasting glucose levels (fasting glucose ≥ 6.1), or
a BMI of ≥30. If a participant reports two or more risk factors, he or she will be evaluated
by a physician. The physician will decide if the maximal fitness test will be carried out.
Before the 2 km walking test, the risk evaluation will not be necessary [30].

The 12 min running test will be conducted as a maximal test on an outdoor track
during the summer, or in indoor hall during the winter. Participants will be encouraged to
run with a maximal effort at a progressively increasing running speed. The test results will
be recorded with an accuracy of 10 m [30,31].

A cycle ergometer test will be performed with an indoor cycle ergometer (Ergoline
800S, Ergoselect 100K, Ergoselect 200K, Bitz, Saksa) as a maximal test (for healthy soldiers)
or submaximal test (for civilian workers) [34,35]. In the maximal test, a progressive pro-
tocol will be used with an initial power output of 50 W, increased by 25 W every 2 min
until exhaustion. A participant’s exhaustion will be determined by one or both of the
following criteria: (1) a decrease in pedaling frequency to below 60 rpm/min, and/or
(2) the participant’s volitional cessation of pedaling. The heart rate of participants will be
continuously recorded during the test, using heart rate monitors (Polar Electro, Kempele,
Finland). The maximal aerobic capacity (VO2max) will be indirectly determined according
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to the heart rate results. The intraclass correlation has been reported to be high for men
with this method (ICC r = 0.82–0.94) [34].

In the UKK 2 km walking test, a 2 km distance will be covered at the maximum
speed while the heart rate and performance time are measured. The UKK 2 km test will
be used only for civilian workers. The test will be conducted on an outdoor track during
the summer and on in an indoor hall during the winter. The time will be recorded to an
accuracy of one second, and the participant’s heart rate will be measured at the end of the
test. The VO2max will be determined indirectly according to these results [33].

The FDF has three different muscle fitness tests, including standing long-jumps (SLJ),
repeated (1 min) sit-ups, and push-ups. The SLJ will be used to assess the power of the
participant’s lower extremities. The dynamic muscle endurance capacity of the participant’s
trunk and upper extremities will be assessed by sit-ups and push-ups. Together, these three
parts of the muscle strength test will demonstrate participants’ overall muscle fitness.

Before the SLJ, participants will be instructed on the proper technique. Three test
attempts will be allowed, and the jumps will be performed on a 10 mm thick rubber
mattress. The best attempt (i.e., the longest distance from the starting line to the landing
point) will be selected for further analysis [36].

Participants will be also shown the proper techniques for both sit-ups and push-
ups, and they will be informed that incorrect repetitions will not be accepted for final
analysis. The sit-up test will start and end in a lying-down position. In the starting position,
participants will lie on their backs as the knees are bent at a 90◦ angle, with the elbows
pointing upwards and the fingers interlocked behind the head. An assistant will support
the ankles to keep the heels in contact with the floor during the test. From the starting
position, the upper body will be raised forward by the trunk muscles until the elbows reach
knee level. One repetition will be completed when the body is lowered and the bottom of
the shoulder blades touch the ground. The test result will be expressed as the number of
consecutive repetitions in 60 s [37,38].

The push-up repetitions will be counted for a minute, and only consecutive correctly
performed repetitions will be accepted for analysis. The correct position for the push-up
test will be determined as participants lie on the floor in a front-leaning rest position, with
feet parallel at shoulder width and hands positioned so that the thumbs reach the shoulders
as the other fingers point forward. The starting position will progress from this position by
extending the arms straight while keeping the body in a straight line from the shoulders to
the ankles as the knee and hip angles remain steady throughout the test. One repetition
will be counted when the torso is lowered by bending the elbows until the upper arms are
parallel to the floor and returned to the starting position by extending the arms [38,39].

2.5.3. Body Composition

The body composition measurements of participants will be performed as discussed
earlier [38]. The waist circumference measurement, body mass index (BMI), and fat tissue
percentage (FAT%) will be used to assess body composition. Body mass (BM) and FAT%
will be measured by using the segmental multifrequency bioimpedance analysis assessment
(BIA) (InBody 720, Biospace Co Ltd., Seoul, Korea).

The BIA estimates of body composition have been shown to correlate highly with the
dual-energy X-ray absorptiometry (DXA) method (r = 0.82–0.95) [40]. The waist circum-
ference of participants will be measured with a tape measure at the level of the iliac crest
after exhaling.

Body composition measurement is sensitive to fluid changes in the body. To standard-
ize fluid composition, the measurements will be performed before noon, and participants
will be instructed to have fasted for 2 h, avoided alcohol consumption and excess physical
strain for 12 h, and empty their bladders before the examination.
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2.5.4. Blood Samples and Analyses

Blood samples, for analyzing the health status of participants, will be collected into
serum tubes (Venosafe Gel + Clot activator tubes, Terumo Medical Co., Leuven, Belgium)
by a qualified laboratory technician during every measurement after a 12 h fast between
07:00 and 09:00. The samples will be centrifuged with 2000× g (Heraeus Megafuge 1.0 R,
Thermo Scientific, Karlsruhe, Germany) for 10 min at a temperature of +4 ◦C. The serum
will be stored at −80 ◦C until analysis.

Fasting glucose (GLUC), haemoglobin A1c (HbA1c), and serum insulin will be deter-
mined to detect imbalances in glucose metabolism [41,42]. Total cholesterol, high-density
lipoprotein (HDL), low-density lipoprotein (LDL), oxidated low-density lipoprotein (ox-
LDL), and oxidated high-density lipoprotein (ox-HDL) will be measured to observe body
lipid status [43–47]. Alanine transaminase (ALAT), gamma-glutamyl transferase (GT), and
carbohydrate-deficient transferrin (CDT) will be measured to evaluate liver function and
the possibility of fatty liver disease [48–50]. Salivary alpha-amylase will be analyzed as an
indicator of elevated stress levels [51].

Plasma glucose (GLUC), serum high-density lipoprotein (HDL), and triglycerides (TG)
will be analyzed using a Konelab 20 XTi-device (Thermo Electron Co., Vantaa, Finland),
and an isolated LDL fraction will be used for the direct measurement of LDL-cholesterol
(CHOD-PAP method). The sensitivity for GLUC is 0.1 mmol/L, and the intra- and inter-
assay coefficients of variance are 1.0 and 2.0%, respectively. The ranges for the CHOL,
TG, HDL, and LDL assays varies from 0.1–15, 0.09–11, 0.04–2.84, and 0.3–8.9 mmol/L,
respectively. Intra- and inter-assay coefficients of variance are 1.1% and 2.1% for CHOL,
1.0% and 3.8% for TG, 3.4% and 3.9% for LDL, and 0.5% and 7.6% for HDL, respectively.

The carbohydrate-deficient transferrin (CDT) will be analyzed using a Capillarys 2
(Sebia Co., Lisses, France) device. The sensitivity for CDT is 0.35%, and the intra- and
inter-assay coefficients of variance are 10.3 and 11.2%, respectively.

2.5.5. Baseline and Control Accelerometer Measurements

UKK RM42 accelerometers [9] will be used during baseline and control measurements
to analyze daily physical activity and quality of sleep. The accelerometers will be worn for
two weeks: on the hip during waking hours and on the wrist during sleep. The aim is that
the measurements taken in the second week should demonstrate more physical challenges
than the measurements taken in the previous week (i.e., due to field training). Movement
in water cannot be measured with the accelerometer. The UKK RM42 accelerometer data
will be analyzed subsequently; participants will not receive immediate feedback on the
measurements during the actual measurement weeks.

2.5.6. Feedback from the Measurements

All participants will receive feedback from the measurements at different stages of the
study. Immediate feedback from the body composition measurements will be provided
during every measurement event. Results and feedback from the laboratory tests will be
provided after the analyses, and participants will be advised to contact a physician if the
test results indicate a need for further examinations or follow-ups. The feedback from the
RM42 accelerometer measurements will be provided after the final measurements.

3. Results
3.1. Primary Outcomes

The primary outcome variables will include changes in accelerometer-measured phys-
ical activity, physical fitness test results, and days of sick leave absences. Changes in
physical activity levels will be evaluated by comparing physical activity measurements at
the baseline and after the intervention. Changes in fitness test results will be evaluated by
fitness tests results (i.e., changes in maximal aerobic capacity, SLJ distance, and number
of sit-ups and push-ups). Changes in sick leave absences will be evaluated by comparing
the number of days of sick leave absences in the year prior to the intervention with the
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number of days of sick leave absences during the intervention, and with the number of
days of sick leave absences one year after the intervention. In addition, each participant’s
mean daily number of steps, increases in mean daily total time, increases in number of light
physical activities and moderate-to-vigorous physical activities, and reductions in mean
daily total time of sedentary behavior will be assessed via two weeks of accelerometer
recordings of physical activity at the baseline, immediately after intervention, and six
months after intervention.

3.2. Secondary Outcomes

The secondary outcomes of the study will be a reduction in the experienced stress
assessed by the questionnaire, improvement in the analyzed biomarker levels, reduced
BMI, reduced FAT%, decreased waist circumference, and increased amounts of restful sleep
when the baseline measurements are compared to measurements taken six months after
the intervention.

3.3. Reach

Reach will be assessed by dividing the number of the study’s participants by the
total number of personnel in the brigades from which the participants will be recruited.
Representativeness will be assessed by comparing the baseline information (age, gender,
work status) with information obtained from the FDF’s statement of human resources
2018 [52].

3.4. Effectiveness

Effectiveness will be assessed by evaluating the shift in the monitored parameters.

3.5. Maintenance

The sustainability of the changes will be assessed by measuring the parameters at the
baseline, after the six months intervention, and at the end of the study (Table 1).

3.6. Statistical Analysis

The continuous distributions will be described using means with standard deviations;
regarding categorical data, the number of cases with percentages will be used. Differences
between the intervention group and the control group will be tested using an independent
samples t-test, a Pearson Chi-Square test, or a Fisher’s Exact test. Regression analyses
will be used to evaluate the role of physical activity in the changes to physical fitness and
the number of sick leave days. Changes in physical fitness and the number of days of
sick leave, according to follow-up times and for comparison of the study groups, will be
analyzed using general/generalized linear models (univariate, multivariate, and repeated
measures) and regression analyses. The drop-out rate can be determined by comparing
the number of participants attending baseline measurements to the number of participants
attending follow-up measurements. Intention-to-treat analysis will be used to compare
changes induced by the implemented intervention of the treatment groups, including all
participants as originally allocated after randomization. In addition, a per-protocol analysis
will be used to compare changes in the intervention participants who completed the
treatment originally allocated. P-values under 0.05 are considered statistically significant.
IBM SPSS Statistics version 26.0 for Windows (SPSS Inc., Chicago, IL, USA) was used for
statistical analyses.

4. Discussion

This article provides an overview of the protocol and evaluation of health and physical
training in a study by the Finnish Defence Forces. It is hypothesized that our intervention
will increase the physical activity of the study’s participants, leading to reduced sick leave
absences, improved fitness test results, reduced stress levels, improved values of the studied
health-related biomarkers, reduced waistline circumference and body fat, decreased body



Methods Protoc. 2022, 5, 1 10 of 12

mass, and improved reported lifestyle habits. The improved physical activity and health
status will increase the readiness of military personnel for response crisis management
and other operations, as well as the performance of their daily tasks in the workplace. In
addition, an intervention using smartphone application technology to improve physical
activity is cost-effective. If promising results are gained among military workers from the
intervention, then accelerometer smartphone application feedback technology, combined
with feedback from a physical education specialist, could be applied in the general working
population to improve exercise habits on a larger scale.
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ABSTRACT
Introduction  The Western lifestyle challenges national 
defence. Inactivity, obesity, high BP and elevated lipid and 
glucose levels as well as tobacco use all increase cardio-
metabolic risk. The present study was thus aimed at inves-
tigating the health and physical activity of employees in 
a military environment, concentrating on comparisons 
between soldiers and civilians.
Methods and design  A total of 260 employees from 6 
brigades were included in the present study. Health status 
was evaluated with body composition, cardiometabolic 
risk markers from laboratory samples and a question-
naire concerning lifestyle habits. Body composition was 
assessed by means of body mass, body mass index, fat 
percentage and waist circumference. Furthermore, phys-
ical activity was examined by the aid of accelerometer 
recordings for a 2-week period, and physical fitness via 
aerobic and muscle fitness tests. Finally, upper-quartile 
active and lower-quartile passive participants were 
compared, by incorporating mean daily step counts.
Results  When standardised by gender, there were no 
differences between the soldiers and civilians except 
for the muscle fitness test, in which soldiers performed 
better. The mean (±SD) moderate to vigorous activity was 
0.9±0.3 hours/day in male soldiers and 1.0±0.4 hours/day 
in male civilians, and respectively sedentary behaviour was 
9.5±1.4 hours/day in male soldiers and 8.9±1.7 hours/
day in male civilians. The mean (±SD) low-density lipo-
protein values were 3.28±0.84 mmol/L in male soldiers 
and 3.36±0.86 mmol/L in male civilians. In comparing 
soldiers and civilians, statistically significant differences 
were observed in body composition, physical fitness, 
insulin, fasting glucose, triglycerides and high-density 
lipoprotein values between the upper-quartile active and 
lower-quartile passive participants, but no difference in 
low-density lipoprotein values was noticed.
Conclusions  Sedentary behaviour and elevated low-
density lipoprotein values seem to increase cardiometa-
bolic disease risk among participants, even if they meet 
the weekly physical activity demands.

INTRODUCTION
The health and performance of personnel working 
in the military have an essential role in the 
proper function of national defence. Neverthe-
less, concerning results have been obtained from 
previous studies regarding the health of military 
workers round the globe. A wide survey conducted 
among military personnel in Finland shows that 
only 51% of employees exercise at least three times 
a week,1 and reveals insufficient physical activity 
on the part of personnel. These issues of physical 

inactivity among military workers have also been 
detected among German soldiers, showing an 
increased portion of unfit as well as overweight 
soldiers. Moreover, studies of male soldiers in their 
mid-career and late career have revealed preva-
lences of cardiovascular risk factors comparable 
with the civilian population.2 Similar findings with 
respect to overweight and aerobic physical fitness 
have been obtained from studies performed among 
US Army recruits.3

The soldier’s daily tasks in the military require 
good physical and mental performance, while 
civil tasks contain mostly office or logistics work, 
thereby setting their physical fitness demands at 
the level of the general working-age population. 
Still, both health issues and physical inactivity on 
the part of employees may present risk for national 
defence, regardless of the profession.4

Furthermore, studies have shown the snuff use 
to be associated with negative outcomes for cardio-
vascular and oral health.5–7 Likewise, the presence 
of even one of the risk factors, such as overweight, 
lack of exercise and smoking, have been indicated 
to reduce the physical fitness of young soldiers. Any 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ The occurrence of inactive lifestyles, overweight 
and decline of aerobic fitness among military 
personnel have been reported from various 
countries.

WHAT THIS STUDY ADDS
	⇒ The present study showed that there was no 
difference in physical activity, cardiometabolic 
risk factors or aerobic fitness between soldiers 
and military civil workers in Finland but soldiers 
had better muscle strength than civilians.

	⇒ In addition, both soldiers and civilians had 
high low-density lipoprotein (LDL) and 
raised sedentary behaviour, which increases 
cardiovascular risk despite their good physical 
activity and fitness status.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ The study reveals a need for interventions 
to decrease daily sedentary time among 
military personnel and while the LDL was not 
dependent on physical activity, other measures 
such as dietary interventions should be 
considered to optimise the lipid profile of the 
military workers in Finland.
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further risk factor has also led to further decreases in physical 
fitness.2

Increasing the physical activity of military workers may be 
the solution to enhance their performance, while even elderly 
non-athletes have been shown to achieve high levels of perfor-
mance by training regularly.8 Also, even low exercise frequencies 
have been shown to compensate for the negative influence of 
overweight on physical fitness,2 and physically active employees 
have been shown to perform better in their work tasks than their 
inactive counterparts.9 A high volume of physical activity is also 
associated with healthy glucose and lipid metabolism,10–13 as 
well as lower BP.14

While the previously described cardiometabolic risk factors 
can exert a negative effect on the health and performance of 
military workers, recognising these risk factors among them 
represents the first step towards improvement. Furthermore, 
physical activity has been indicated to promote health and phys-
ical fitness, leading to better working performance,2 8–14 implying 
importance in investigating daily physical activity and its asso-
ciation with these cardiometabolic risk factors among military 
employees. The present study aims to identify the existing 
cardiometabolic risk factors, physical activity and fitness status 
of military personnel and investigate the differences between the 
professional groups with different performance requirements, as 
well as the connection between physical activity, cardiometabolic 
risk factors and physical fitness within this population.

METHODS AND DESIGN
Participants
A total of 260 voluntary participants took part in the present 
study. Altogether 176 male and 9 female soldiers together with 
18 male and 67 female civil workers participated in the study. 
The participants were recruited from six military brigades in 
Finland. The participants worked in the Finnish Defence Forces 
(FDF) and participated in the annual fitness tests.15 An occu-
pational physician determined if the participant was able to 
perform the fitness tests concerned.

Measurements
The body composition measurements consisted of waist circum-
ference, body height, body mass (BM), body mass index (BMI) 
and fat percentage (FAT%). Measurements were performed in 
the morning after fasting for at least 2 hours. BM, BMI and FAT% 
were measured by using the segmental multifrequency bioimped-
ance analysis assessment (BIA) (InBody 720, Biospace, Seoul, 
Korea). Waist circumference was measured by a tape measure 
in the midline of the lowest rib and iliac crest after exhaling. 
Smoking habits, snuff use, history of hypertension, antihyper-
tensive medication, statin treatment and the use of anticoagulant 
medication were studied unsing an online questionnaire.

The cardiometabolic risk factors were also evaluated by 
using laboratory tests. The blood samples were collected after 
a 12 h fasting between 07:00 and 09:00. Glucose metabo-
lism was evaluated by measuring blood fasting glucose (fP-
gluc), glycated haemoglobin (HbA1c) and insulin (INS). 
Lipid metabolism was measured by analysing serum total 
cholesterol (TC), low-density lipoprotein (LDL) cholesterol, 
high-density lipoprotein (HDL) cholesterol and triglycerides. 
HDL, triglycerides, fP-gluc and HbA1c were analysed using a 
Konelab 20 XTi-device (Thermo Electron, Vantaa, Finland), 
and an isolated LDL fraction was used for direct measure-
ment of LDL (Enzymatic Colorimetric Determination of 
Serum Cholesterol was used as a method). The sensitivity for 

fP-gluc and HbA1c are 0.1 mmol/L and 0.03 mmol/L, and 
the intra-assay coefficients of variance are 1.0% and 8.6%, 
respectively. The ranges for the total TC, triglyceride, HDL 
and LDL assays vary from 0.1 to 15 mmol/L, 0.09 to 11 
mmol/L, 0.04 to 2.84 mmol/L and 0.3–8.9 mmol/L, respec-
tively. Intra-assay coefficients of variance are 1.1% for TC, 
1.0% for triglycerides, 3.4% for LDL and 0.5% for HDL, 
respectively. INS was analysed using chemical luminescence 
techniques (Immulite 2000, Siemens Healthcare Diagnos-
tics, Camberley, UK) with an assay sensitivity of 2 mIU/L and 
interassay coefficients of variation 5.1%.

The accelerometer (UKK RM42; UKK Terveyspalvelut 
Oy, Tampere, Finland) recordings were used to measure the 
physical activity of the participants over a period of 2 weeks. 
The accelerometer was worn on a belt on the hip during the 
waking hours, except during showering and water-related 
activities. The stored accelerometer data were later anal-
ysed in the research institute. The accelerometer measured 
the acceleration of the device in three orthogonal x, y and z 
directions, at a sampling rate of 100 Hz. The resultant accel-
eration was determined using these three components, and 
the mean amplitude deviation of the resultant was analysed in 
6 s epoch length.16 Physical activity was categorised into light, 
moderate and vigorous, based on metabolic equivalents.17 
Steps were identified by the method described by Ying et al.18 
Time spent sitting and reclining position were combined to 
indicate sedentary behaviour (SB). Standing still was analysed 
separately. Under standardised conditions, standing can be 
separated from sitting or lying with 100% accuracy, through 
the application of tri-axial information from the accelerom-
eter.16 The daily averages of SB, light physical activity (LPA), 
moderate to vigorous physical activity (MVPA), standing and 
number of steps were calculated first for each participant, 
based on their recordings. Only those participants having 
data respective to 10 hours from at least 4 days were included 
for further analyses. The mean values for each participant 
were used in the analysis of group values.

The physical fitness of the participants was assessed by 
means of endurance and muscle fitness tests. To evaluate 
aerobic capacity, the participants performed a 12 min running 
test19 or cycle ergometer test20 or UKK 2 km walking test.21 
The aerobic capacity was expressed by reference to maximal 
oxygen uptake (VO2max). Maximal power production of 
the lower extremities was evaluated by a standing long jump 
(SLJ), while the dynamic muscle endurance capacity of the 
trunk and upper extremities was evaluated via measurements 
of 1 min sit-ups and push-ups.22

Statistical analyses
Differences between soldiers and civilians were examined by 
using the Pearson’s χ2 test or an independent samples t-test. 
Associations between body composition, cardiometabolic risk 
markers, fitness test results and daily activity were analysed 
through univariable linear regression analysis. Results were 
shown by t-values with a limit value set as statistically signif-
icant (p value under 0.05).

Differences between the upper and lower quartiles of the 
mean daily steps count distribution were tested using inde-
pendent samples t-testing. Statistical analyses were carried 
out with SPSS (SPSS, IBM, Armonk, New York, USA) V.27 and 
V.28. A two-sided p value <0.05 was considered statistically 
significant. No adjustment for multiple tests was applied, and 
t value and p value should be interpreted only exploratorily.
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RESULTS
Differences in characteristics between all soldiers and 
civilians
Characteristics of soldiers and civilians are presented in Table 1. 
Civilians were older than soldiers, while soldiers were taller 
and heavier, with wider waist circumference than civilians, 
who conversely had higher FAT% and serum HDL values than 
soldiers. The SB of the soldiers was longer compared with 
civilians, but the amount of MVPA was greater, and the daily 
step count was higher among soldiers compared with civilians. 
Soldiers performed better than civilians in the fitness tests for 
VO2 max, push-ups, sit-ups and SLJ.

The snuff use was more common (p=0.024) among soldiers 
(16.1%) than among civilians (4.8%). No differences were 
detected in smoking habits (5.6% vs 4.8%), usage of antihy-
pertensive medication (7.0% vs 11.1%), cholesterol medication 
(4.2% vs 4.8%), anticoagulant medication (0.7% vs 3.2%) or 
prevalence of hypertension (10.5% vs 12.7%).

Differences in characteristics between male soldiers and male 
civilians
Characteristics of male soldiers and male civilians are presented 
in Table  2. Male civilians were older than male soldiers, who 
also performed better in the muscle fitness tests. Furthermore, 
male soldiers had better push-up, sit-up and SLJ results than 
male civilians. In other variables, no differences between male 
soldiers and civilians were observed.

No statistically significant differences between the groups 
were found in smoking habits (5.9% vs 0.0%), snuff use (16.3% 
vs 12.5%) or antihypertensive medication (7.4% vs 6.3%), 
cholesterol medication (4.4% vs 6.3%), anticoagulant medica-
tion (0.7% vs 6.3%) or prevalence of hypertension (10.4% vs 
0.0%).

Association of body composition, cardiometabolic risk 
markers and fitness test results with physical activity (all 
participants)
The results from the univariable linear regression analysis are 
presented in Table 3. Only triglycerides had strong associations 
(p<0.001) with all components of daily activity. FAT% associ-
ation was strong with LPA, MVPA and both standing and step 
means (p<0.001), but weaker with SB (p<0.05). TC, LDL and 
HbA1c did not associate with physical activity. All fitness tests 
had strong associations with LPA, MVPA and number of steps 
(p<0.001), but not with SB or standing time. Furthermore, the 
associations between VO2max and standing, VO2max and step 
mean, push-ups and standing as well between push-ups and daily 
step mena were statistically significant (p<0.05).

All body composition measurements, and HDL, triglycerides 
and fP-gluc had strong associations with daily standing time 
(p<0.001). BMI, FAT%, waist circumference, TC and INS 
had strong associations with MVPA and the daily step count 
(p<0.001).

Table 1  Comparison between all soldiers and civilian employees studied, using independent samples t-testing (n=260).

Soldiers Civilians

P valueN Mean (SD) N Mean (SD)

Age (years) 185 40 (8) 75 47 (8) <0.001

Height (cm) 181 179.0 (7.1) 74 169.2 (7.6) <0.001

Body composition

 � Body mass (kg) 181 87.0 (14.0) 74 77.9 (17.3) <0.001

 � Body mass index (kg/m²) 181 27.1 (3.8) 74 27.1 (5.2) 0.968

 � Fat percentage (%) 169 21.4 (7.8) 68 31.1 (9.9) <0.001

 � Waist circumference (cm) 171 94.0 (11.4) 66 90.1 (13.5) 0.042

Cardiometabolic risk markers

 � Total cholesterol (mmol/L) 159 4.90 (0.88) 72 4.96 (0.74) 0.647

 � High-density lipoprotein cholesterol (mmol/L) 159 1.44 (0.38) 72 1.62 (0.46) 0.001

 � Low-density lipoprotein cholesterol (mmol/L) 159 3.33 (0.85) 72 3.17 (0.72) 0.45

 � Triglycerides (mmol/L) 159 1.14 (0.60) 72 1.18 (0.99) 0.712

 � Haemoglobin A1c (mmol/mol) 156 34.7 (5.2) 72 34.3 (4.1) 0.555

 � Fasting glucose (mmol/L) 140 5.3 (0.7) 66 5.3 (0.9) 0.634

 � Serum insulin (mIU/mL) 159 5.7 (6.4) 72 5.9 (6.5) 0.772

Physical activity measurements

 � Sedentary behaviour (hours) 171 9.4 (1.4) 68 9.0 (1.3) 0.017

 � Standing (hours) 171 1.7 (0.7) 68 1.9 (0.9) 0.177

 � Light physical activity (hours) 171 3.7 (1.0) 68 3.6 (0.8) 0.188

 � Moderate to vigorous physical activity (hours) 171 0.9 (0.3) 68 0.7 (0.4) 0.001

 � Steps (number/day) 171 7258 (2018) 68 6578 (2291) 0.025

Fitness tests

 � Maximal oxygen uptake (mL/kg/min) 169 45.5 (8.4) 65 36.0 (10.4) <0.001

 � Push-ups (rep/min) 167 39 (12) 63 30 (14) <0.001

 � Sit-ups (rep/min) 167 41 (11) 64 28 (12) <0.001

 � Standing long jump (m) 167 2.24 (0.28) 63 1.63 (0.37) <0.001

Statistically significant p-values are presented in bold.
N, number of participants; rep, repetition.
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Comparison between the most active and passive 
participants
Comparison was made between the most active and passive 
25% of all the participants in accordance with the upper and 
lower quartiles of the steps distribution, using the mean daily 
step count. The analyses showed statistically significant differ-
ences between the groups in all body composition measurements 
and fitness tests (Table  4). When examining the differences 
between cardiometabolic risk markers, statistically significant 
differences were detected between the groups when comparing 
HDL, triglycerides, fP-gluc and INS. The results did not differ 
when male participants were exclusively included in the analyses 
(Table 5).

DISCUSSION
The present study revealed that the physical activity levels of 
both soldiers and civilians reached the recommended 150 min of 
MVPA per week,23 and there was no statistical difference between 
the soldiers and civilians. Nevertheless, the results showed high 
average SB in both soldiers and civilians, and no statistically signif-
icant differences between the professional groups. Even though 
physical activity has been shown to partially diminish the harmful 
effects of SB on health, previous studies have shown that over 
7 hours of SB in a day is detrimental to health, even when phys-
ical activity is taken into account. All-cause mortality increases 
markedly as people sit more during the day. Sitting 10 hours/day 
has been shown to increase the risk of all causes of mortality by 

34%, even when physical activity is taken into account. Despite 
sufficient daily physical activity, SB is itself a health risk.24

There was no difference between the male soldiers and male 
civilians in aerobic fitness, but soldiers showed better muscle 
fitness compared with civilians. The LPA, MVPA and daily step 
count were associated with physical fitness. Furthermore, in 
comparing the upper quartile active and lower quartile passive 
participants, there was a connection between physical activity 
and fitness. Previous studies have shown a relationship between 
physical activity and fitness,8 14 and the results are in line with 
the previous studies.

The FAT% and triglycerides were strongly connected with 
all-intensity physical activity. BMI, FAT%, waist circumference 
and INS had connections with MVPA and daily step count. In 
comparing the upper quartile active and lower quartile passive 
participants, the upper quartile active showed more optimal body 
composition, HDL, triglyceride, fP-gluc and INS values. The 
daily standing time was connected with improved body compo-
sition, HDL, triglycerides and fP-gluc. The results indicated that 
physical activity is associated with better body composition as 
well as exerting a positive effect on glucose and lipid metabo-
lism. Physical activity has been shown to improve lipid profile 
by increasing the HDL and decreasing triglycerides.10 It has also 
been shown to improve INS sensitivity, glycaemic control and 
decrease visceral fat in people with type 2 diabetes.11–13 Addi-
tionally, replacing SB with standing or higher-intensity physical 
activity has been shown to result in a beneficial association with 

Table 2  Comparison between the male soldiers and male civilian employees using independent samples t-testing (n=194).

Male soldiers Male civilians

P valueN Mean (SD) N Mean (SD)

Age (years) 176 40 (8) 18 48 (8) <0.001

Height (cm) 173 179.6 (6.3) 18 179.3 (5.3) 0.844

Body composition

 � Body mass (kg) 173 87.6 (13.8) 18 89.2 (15.6) 0.654

 � Body mass index (kg/m²) 173 27.1 (3.9) 18 27.8 (4.7) 0.533

 � Fat percentage (%) 161 20.8 (7.4) 16 24.4 (8.4) 0.07

 � Waist circumference (cm) 163 94.3 (11.4) 17 98.2 (13.9) 0.199

Cardiometabolic risk markers

 � Total cholesterol (mmol/L) 150 4.93 (0.88) 17 4.83 (0.82) 0.661

 � High-density lipoprotein cholesterol (mmol/L) 150 1.42 (0.38) 17 1.33 (0.36) 0.34

 � Low-density lipoprotein cholesterol (mmol/L) 150 3.28 (0.84) 17 3.36 (0.86) 0.705

 � Triglycerides (mmol/L) 150 1.14 (0.62) 17 1.50 (1.71) 0.401

 � Haemoglobin A1c (mmol/mol) 147 34.8 (5.3) 17 34.3 (3.1) 0.678

 � Fasting glucose (mmol/L) 134 5.4 (0.7) 15 5.4 (0.6) 0.794

 � Serum insulin (mIU/mL) 150 5.8 (6.6) 17 5.4 (4.1) 0.836

Physical activity measurements

 � Sedentary behaviour (hours) 163 9.5 (1.4) 16 8.9 (1.7) 0.145

 � Standing (hours) 163 1.7 (0.7) 16 1.5 (0.8) 0.378

 � Light physical activity (hours) 163 3.7 (1.0) 16 3.7 (0.9) 0.957

 � Moderate to vigorous physical activity (hours) 163 0.9 (0.3) 16 1.0 (0.4) 0.22

 � Steps (number/day) 163 7241 (2002) 16 7588 (2010) 0.509

Fitness tests

 � Maximal oxygen uptake (mL/kg/min) 163 45.8 (8.3) 17 43.4 (10.9) 0.284

 � Push-ups (rep/min) 160 40 (12) 16 29 (15) 0.002

 � Sit-ups (rep/min) 160 41 (10) 16 35 (10) 0.021

 � Standing long jump (m) 160 2.26 (0.27) 15 2.02 (0.27) 0.001

Statistically significant p-values are presented in bold.
N, number of participants; rep, repetition.
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BMI, waist circumference and FAT%.25 The results gained from 
this study are in line with these previous findings.

However, there was no difference in the LDL and HbA1c 
values when comparing the upper quartile active and lower 
quartile passive participants, which differs from the results 
from other studies showing association of physical activity with 
improved HbA1c and LDL values.10 12 13 Also, the average of 

LDL levels was over the reference values of 3.0 mmol/L, despite 
physical activity status. Elevated LDL values have been consid-
ered as a significant cardiovascular disease risk factor.26 These 
findings suggest that there are other factors affecting the LDL 
profile than just physical activity. Furthermore, the HbA1c 
values change slowly and provide an index of average plasma 
glucose concentration during the previous 2–3 months. People 

Table 3  Univariable explanators for the LPA, the MVPA, SB, daily standing and daily steps mean (n=239)

N

LPA mean MVPA mean SB mean Daily standing mean Daily steps mean

t-value t-value t-value t-value t-value

Body composition

 � Body mass 236 −1.387 −2.584* 4.097** −7.649** −3.356*

 � Body mass index 236 −1.889 −4.399** 3.440* −7.032** −4.285**

 � Fat percentage 219 −4.033** −8.630** 2.588* −3.755** −7.418**

 � Waist circumference 217 −1.535 −3.726** 3.444* −6.409** −4.244**

Cardiometabolic risk markers

 � Total cholesterol 217 −0.107 −1.283 0.307 −0.517 −0.582

 � High-density lipoprotein cholesterol 217 1.601 2.766* −3.503* 6.763** 3.466*

 � Low-density lipoprotein cholesterol 217 −0.108 −1.683 0.427 −1.553 −1.020

 � Triglycerides 217 −3.670** −3.618** 4.794** −4.993** −4.175**

 � Haemoglobin A1c 214 −0.973 −0.050 0.198 −0.442 −0.476

 � Fasting glucose 195 −2.676* −2.053* 2.758* −3.747** −2.425*

 � Serum insulin 217 −2.674* −4.497** 2.901* −3.008 −4.672**

Fitness tests

 � Maximal oxygen uptake 218 3.910** 7.800** −2.719* 2.915* 6.645**

 � Push-ups 213 4.249** 5.499** −1.968* 1.963* 5.304**

 � Sit-ups 214 3.868** 5.718** −1.221 2.218* 4.775**

 � Standing long jump 213 3.919** 5.337** 0.681 0.162 4.203**

All participants. Linear regression was used showing results by means of t-values.
*P<0.05, threshold |t=1.96|; **p<0.001.
Statistically significant values are presented in bold.
LPA, light physical activity; MVPA, moderate to vigorous physical activity; N, number of participants; SB, sedentary behaviour.

Table 4  Comparison between the most active and passive participants (all) using the mean lowest quartile and highest quartile of the daily steps 
with independent samples t-testing

Daily steps mean lower quartile Daily steps mean upper quartile

P valueN Mean (SD) N Mean (SD)

Body composition

 � Body mass 59 90.5 (19.9) 58 80.7 (12.1) 0.002

 � Body mass index 59 29.2 (5.4) 58 26.2 (3.0) <0.001

 � Fat percentage 55 31.1 (10.0) 54 20.1 (7.0) <0.001

 � Waist circumference 50 99.2 (15.0) 53 89.6 (8.7) <0.001

Cardiometabolic risk markers

 � Total cholesterol 53 5.12 (0.80) 52 4.94 (0.77) 0.224

 � High-density lipoprotein cholesterol 53 1.40 (0.40) 52 1.62 (0.42) 0.008

 � Low-density lipoprotein cholesterol 53 3.38 (0.73) 52 3.20 (0.83) 0.254

 � Triglycerides 53 1.58 (1.17) 52 0.98 (0.35) <0.001

 � Haemoglobin A1c 51 35.8 (6.6) 50 35.3 (5.3) 0.711

 � Fasting glucose 48 5.6 (1.2) 43 5.2 (0.6) 0.022

 � Serum insulin 53 9.7 (10.4) 52 3.8 (4.0) <0.001

Fitness tests

 � Maximal oxygen uptake 50 36.5 (9.8) 55 47.6 (8.7) <0.001

 � Push-ups 45 29 (14) 55 41 (12) <0.001

 � Sit-ups 46 29 (14) 55 41 (10) <0.001

 � Standing long jump 46 1.86 (0.50) 55 2.18 (0.35) <0.001

Statistically significant p-values are presented in bold.
N, number of participants.
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with type 2 diabetes can have normal HbA1c and still have 
increased cardiovascular disease risk,27 so the results from the 
analyses considering HbA1c were not informative in terms of the 
actual cardiovascular risk.

The weakness of the study was the small sample size, involving 
only 2% of the total of 11 940 employees working for the FDF 
in the year the participants were recruited. Also, the accelerom-
eter may not accurately recognise movements performed only 
with the lower or upper extremities (eg, gym exercises) and 
movements performed in the supine position (eg, pilates).28 
Additionally, the accelerometer was not water-resistant, so water 
activities were not included.

The strength of the present study was that physical activity 
and SB were measured with an accelerometer, which objectively 
assessed the amount of physical activity.29 Despite the small 
sample size, the mean ages of soldiers (40 years) as well as civil-
ians (47 years) participating in the study closely approximated 
the averages of the FDF workers in the recruiting year of the 
participants (soldiers 39.7 years and civilians 48 years). Also, 
the majority of the participants were men (74.6%), as were the 
employees working for the FDF in the recruiting year (81.9%). 
Furthermore, a majority of the participants of the study were 
soldiers (71.2%) as well as workers in the FDF in the recruiting 
year (66.0%).30 This indicates that the sample in the study 
represents FDF workers quite well.

In conclusion, there was no difference in physical activity, 
cardiometabolic risk factors or aerobic fitness between 
soldiers and civilians. Soldiers had, however, better muscular 
strength compared with civilians, which benefits their physi-
cally demanding work tasks. Because of the more physically 
demanding work profile of soldiers, they should be in better 
aerobic condition and more physically active compared with 
civilian workers. To examine if these results are due to selection 
bias, this should be investigated in a wider perspective among 
FDF workers. Moreover, both soldiers and civilians had high 
LDL and SB, which establishes cardiovascular risk despite their 

good physical activity and fitness status. While the LDL was not 
dependent on physical activity, other measures such as dietary 
interventions should be considered to optimise the lipid profile.

Regardless of the small sample size, this study reveals health 
issues that should be investigated with larger sample sizes in 
further studies. This would help to develop targeted interven-
tions to improve the health, well-being and performance of mili-
tary personnel.
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Table 5  Comparison between the most active and passive male participants using the mean lowest quartile and highest quartile of the daily steps 
with independent samples t-testing

Daily steps mean lower quartile Daily steps mean upper quartile

P valueN Mean (SD) N Mean (SD)

Body composition

 � Body mass 35 97.6 (18.1) 46 83.6 (9.7) <0.001

 � Body mass index 35 29.6 (5.3) 46 26.3 (2.4) 0.001

 � Fat percentage 32 26.3 (8.4) 43 17.7 (5.0) <0.001

 � Waist circumference 31 103.7 (14.4) 43 90.5 (7.8) <0.001

Cardiometabolic risk markers

 � Total cholesterol 29 5.02 (0.86) 40 4.97 (0.85) 0.803

 � High-density lipoprotein cholesterol 29 1.22 (0.30) 40 1.54 (0.37) <0.001

 � Low-density lipoprotein cholesterol 29 3.40 (0.77) 40 3.29 (0.89) 0.582

 � Triglycerides 29 1.81 (1.41) 40 1.00 (0.38) 0.005

 � Haemoglobin A1c 28 37.6 (7.7) 38 34.9 (5.2) 0.097

 � Fasting glucose 25 5.9 (1.1) 32 5.1 (0.6) 0.002

 � Serum insulin 29 11.1 (11.0) 40 4.0 (4.3) 0.002

Fitness tests

 � Maximal oxygen uptake 31 40.5 (9.0) 44 50.1 (6.3) <0.001

 � Push-ups 29 32 (14) 44 44 (10) <0.001

 � Sit-ups 29 35 (11) 44 43 (8) 0.001

 � Standing long jump 29 2.12 (0.37) 44 2.31 (0.22) 0.014

Statistically significant p-values are presented in bold.
N, number of participants.
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