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Abstract

Purpose High physical fitness and good health are not only essential for the civilian population but also for persons working in
physically and psychologically demanding professions, such as armed forces personnel. To date there is no scientific summary of
studies dealing with the physical activity of daily life in armed forces personnel, but this is necessary for a targeted intervention.
Methods A systematic review was performed in the PubMed database (target date: 24 May 2020), using the search terms
“military personnel” and “exercise” or “(physical) activity of daily life” including the assigned MESH words.

Results Seven original papers have focused on the daily physical activity of military personal, and they were all conducted in
different countries. The activity of daily life was on average 11,540 steps per day.

Conclusions It could be shown that soldiers performed more physical activity than the civilian population and that the recom-
mended 10,000 steps per day were slightly exceeded on average. However, the number of steps performed was very low in fields
of activity with limited physical activity options, such as on board a ship. Altogether, it thus seems that additional health-
promoting physical activity programs are not required for most of the soldiers, but that, in contrast, corresponding offers for
physical activity alternatives, e.g., in the form of fitness equipment, are urgently required in specific task areas (e.g., on board

ships).

Keywords Activity of daily life - Prevention - Military - Health promotion - Army

Introduction

Physical activity is an essential cornerstone for maintaining
and improving one’s health status. To achieve this, a high
basic physical activity of daily life and specific sports sessions
are equally important (Pfeifer and Riitten 2017). The World
Health Organization (WHO) recommends regular physical
activity in order to minimize the risk of chronic diseases. In
this context, even a slight increase in physical activity is im-
portant, especially for inactive persons (WHO 2010).
However, it is difficult for many people to integrate this
physical activity into their daily lives. In 2016, the share of the
world population that was not physically active enough was
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27.5% (Guthold et al. 2018). Worldwide, every third woman
and every fourth man perform too little physical activity.
According to the WHO, physical inactivity is most distinct
in the industrial nations (Guthold et al. 2018). Many people
work in sitting positions and travel over long distances by
motor vehicle or other means of transport due to increased
mobility. In accordance with a study of 2018, German adults
sit for seven and a half hours per day on average (Frobdse
et al. 2018). Every fifth one even spends nine hours or more
sitting (Voermans et al. 2016). In 2010, approximately 60% of
the study population achieved the target value of 150 min of
physical activity per week specified by the WHO, but this
share decreased to just 43% of the respondents in 2018
(Frobdse et al. 2018). When comparing active and inactive
groups of persons, the overall mortality risk can be reduced
by 30% through regular physical activity (WHO 2010; Brown
et al. 2012; Warburton et al. 2010). The general mortality risk
increases concurrently with the daily sitting duration: From a
daily sitting duration of more than 13 h on, the mortality risk
doubles in comparison to persons only sitting for less than 11
hours (Diaz et al. 2017). Moreover, the risk of cardiovascular
diseases decreases (Brown et al. 2012; Warburton et al. 2010;
Perk et al. 2012) as does the probability of contracting
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diabetes mellitus type II (Warburton et al. 2010) when the
amount of physical activity of daily life increases.

High physical fitness and good health are not only essential
for the civilian population but also for persons working in
physically and psychologically demanding professions, such
as armed forces personnel. In order to cope with regular mil-
itary service at home and abroad in general and with the spe-
cial requirements of missions abroad in particular, soldiers
must have a high fitness level (Sammito and Mayer-Falcke
2017). In this context, regular physical activity of daily life
creates a good foundation for basic fitness, which can be en-
hanced by means of additional general and special task-
specific physical training. Particularly in the context of the
introduction of “occupational health management” (Sammito
etal. 2015), especially the consideration of physical activity in
daily life as a cornerstone for Bundeswehr personnel is
gaining importance. So far, however, there has not been any
overview of scientifically collected data on this subject.

Therefore, a systematic literature review on studies dealing
with physical activity of daily life in armed forces personnel,
which have already been conducted, was performed.

Methods

For this purpose, a systematic review was performed in the
PubMed database (target date: 24 May 2020), using the search
terms “military personnel” and “exercise” or “(physical) ac-
tivity of daily life” including the assigned MESH words.
Included in the review were studies on physical activity of
daily life in military personnel of all nationalities as far as they
belonged to the regular military (independent of the Service),
and especially the United States Coast Guard as a uniformed
Service of the US armed forces, where the number of daily
steps or the physical activity of daily life has been recorded. In
contrast, studies focusing on police personnel and personnel
belonging to technical emergency services, disaster control
services, the fire department and civilian coast guards were
not included.

The fitness level of the test persons was also included in the
systematic review in the form of a surrogate parameter with
minor significance. All studies were included, independent of
the type of data collection (questionnaire, interview, pedome-
ter measurement or tracking).

The focus of the search lay on cross section surveys.
Intervention studies were included, if data on the baseline
survey had been indicated separately. Within the scope of
the review, articles in German and English were taken into
account.

The PubMed review with the above-mentioned search
terms resulted in 1219 hits. Following abstract screening,
1203 of these articles were excluded. Of these 1203 articles,
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1182 were topically inappropriate, and 21 were not available
in English or German.

This resulted in 16 abstracts meeting the inclusion criteria.
After completion of the full text screening, nine additional
articles were excluded because they did not meet the inclusion
and exclusion criteria. The systematic literature review per-
formed yielded seven usable original papers as a result (refer
to Fig. 1).

Results

The seven usable original papers (Table 1) had all been pre-
pared in the armed forces of different branches. The studies
included test persons from the Navy (Choi et al. 2010; Tharion
et al. 2004) and the Air Force (Scott et al. 2007). In the paper
of Schulze et al. (2015), test persons from both the army and
the air force had been examined, and in three studies
(Aandstad et al. 2016; Nykanen et al. 2019; Wyss et al.
2012), an allocation to the individual Services was not possi-
ble due to lacking data. In addition to this, the studies were
conducted all in different countries: Germany (Schulze et al.
2015), England (Scott et al. 2007), Finland (Nykanen et al.
2019), Norway (Aandstad et al. 2016), Switzerland (Wyss
et al. 2012), South Korea (Choi et al. 2010) and the USA
(Tharion et al. 2004). In data collections, active soldiers (four
studies (Choi et al. 2010; Schulze et al. 2015; Scott et al. 2007,
Tharion et al. 2004)) were preferably examined as compared
to recruits (Wyss et al. 2012), soldiers involved in missions
abroad (Nykanen et al. 2019), and reservists (Aandstad et al.
2016). The number of test persons varied between 17 (Tharion
et al. 2004) and 411 (Aandstad et al. 2016).

In the majority of studies, most of the participants were
men. There were exclusively male participants in four studies
(Aandstad et al. 2016; Choi et al. 2010; Kinnunen et al. 2012;
Nykanen et al. 2019; Wyss et al. 2012). Only one data collec-
tion was dominated by female participants (Staudter et al.
2011; Tharion et al. 2004). The average age lay between
20.2+3.95 years (Scott et al. 2007) and 33.5+7.7 years
(Choi et al. 2010).

The data determined with regard to the number of daily
steps lay between 2211 + 121 steps/day for a submarine crew
at sea (Choi et al. 2010) and 11,382 + 3174 steps/day for sol-
diers at an air force training base (Scott et al. 2007).

The study of Choi et al. (2010) yielded the interesting result
that age, rank and body mass index (BMI) do not have any
significant influence on daily physical activity in contrast to
the existence of physical activity options, which are very lim-
ited on board a ship, for example. In this context, it must be
taken into account, however, that the above study examined
test persons in a submarine at sea. In contrast to this result, the
study of Schulze et al. (2015) showed an influence of rank on
the extent of daily physical activity.
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Fig. 1. Overview of the search
algorithm for the systematic
literature review

PubMed review with the search matrix ("military personnel” [MESH terms])
AND ("exercise" [MESH terms]) OR ("(physical) activity of daily life)

Number of hits, n = 1,219

- all Services

Inclusion criteria:
- Study on the (physical) activity of daily life in soldiers

- all nationalities
- Only English and German articles

Exclusion criteria:
- civilian employees (if included in the study)
- Police, technical emergency services, fire department, civilian coast guards

> Exclusion (no German or English language), n =21

A 4

Exclusion (topically inappropriate), n = 1,182

Usable abstracts, n = 16

\ 4

» Exclusion after full text screening, n =9

Usable original papers, n =7

Owing to the great differences in the studies found, the
results of the studies will be described individually below.

A data collection regarding physical activity behavior was
performed on 411 soldiers of the Norwegian Home Guard.
The soldiers had an average BMI of 26.1 3.7 kg/m?. The
411 test persons (exclusively men) were subjected to a mea-
surement of the number of steps performed during seven off-
duty days. The “SenseWear Armband (SWA) Pro, monitors”
pedometer (BodyMedia, Pittsburgh, Pennsylvania) was used
for this study. The result of the study was that, on off-duty
days, an average physical activity extent of 10,448 steps/day
on the weekdays and of 9209 steps/day on the weekend could
be determined (Aandstad et al. 2016).

One study was performed on 76 male soldiers of two sub-
marine crews and on an additional 33 male soldiers of a Navy
Submarine Command of the South Korean Navy; 79.8% of
the test persons had the rank of petty officer and had been
serving in the South Korean Navy for an average of 12.3 years.
In 57.8% of the test persons, the BMI was in the normal range.
The age of the participants lay between 22 and 57 years, with
an average age of 33.5 years. The measurement of daily steps
was recorded by means of “DMC-03” manufactured by
Shinwoo Electronics Co. for one month during employ-
ment in the submarine and during stationing ashore,
respectively. The data collected showed an average
amount of 2211 steps per day on board the submarine
and of 8181 steps per day during stationing ashore. In
this context, age, rank and BMI did not have any sig-
nificant influence on physical activity of the soldiers in
contrast to the limited physical activity options on board
the submarine (Choi et al. 2010).

Another data collection examined the daily physical activ-
ity of Finnish soldiers (Nykanen et al. 2019) during a six-
month mission abroad in Lebanon. The participants, who
were also exclusively male, were subjected to a three-time
determination of the number of steps performed over a period
of ten days, respectively, in order to examine the changes that
occurred during the deployment period. With regard to the
initial first measurement, the test persons performed an aver-
age of 9835 steps/day; with the number of daily steps decreas-
ing in the course of the mission abroad.

In the German military, a data collection was performed in
the air force and navy, comprising a total of 169 test persons;
84.0% of the participants were male and had an average BMI
of 26.6 kg/m”. Data collection was effected by means of the
“Portable sensor activPAL” pedometer (PAL Technologies,
Glasgow, UK), which was worn for seven days without any
interruption. The evaluation of the measurement values col-
lected only refers to the on-duty hours and yielded the result of
541 steps per hour for officers, 600 for noncommissioned
officers (NCOs), and 724 for team rank during working hours
(Schulze et al. 2015). However, a precise indication of the
duration of daily working hours cannot be obtained from the
study. The authors discussed the theory that soldiers with
higher ranks frequently perform executive activities, including
a higher share of office work, so that their physical activity
decreases.

Another study examined test persons of the Royal Air
Force (RAF). This study was performed by means of the
“Lifestyles NL-2000” device over a period of two weeks.
There were 180 participants in the first week and 139 in the
second. With regard to the overall number of test persons, the
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E] average age amounted to 20.2 years in the first week, while the
% share of male soldiers amounted to 77.5%. The measurements
g yielded an average number of 9789 steps per day in the first

- ; week and 11,382 steps per day in the second week. In this

% § context, the activity parameters determined by a self-report

g & within the scope of questionnaires and interviews were below

f‘é Ngb:g the data collected by the pedometer. The authors concluded

E i = 2 that the test persons could often not consciously remember the

:_é - E gﬂ g) activities performed (Scott et al. 2007).

Z E %2 Another study was performed on 214 exclusively
male recruits during basic training in Switzerland. The
participants had an average age of 20.6+1.2 years and

- a BMI of 23.2+2.8 kg/m>. The measurements were
= performed during workdays by means of a GTIM pe-
«% g . dometer, which was combined with a breast strap. On
T b ‘*g g average, the recruits covered a distance of 12.9+3.3 km
gﬁ j§ - 8 g per day (Wyss et al. 2012). Assuming that the average
“E o % N § 2 (E g o step length of a 1.70- to 1.90-m-tall male recruit

:% é %% © 2 §Q§ gg § g :i amounts to 70 cm, this results in a daily number of

& E2gidgiagisgin 18,429 +4714 steps.

o An examination in the US Navy concerning 17 sailors on
g% ) board a ship with an average age of 23.9 years dealt with

- % % ‘*g E measuring the number. of steps performed an.d recording the

2 é 2’:5 § overall energy expe.ndlture. The study comprlsed' seven Ipale

= g2 S 2 and ten female soldiers. The test persons were equipped with a

g Ezs8 pedometer for nine days. The daily overall energy expenditure

% = was determined from the data collected by the pedometer with

£ 5 & the help of the body weight, the calculated basal metabolic

E %’ % rate (BMR), and the time spent at the individual activity

é T E levels. These values were compared with the data measured

S = with the doubly labeled water (DLW) method. Within the

E: 5 g scope of evaluation by means of the pedometer, it became

@ £ obvious that the test persons had made 2035 steps per day

e g § during non-exercise activity, 1661 steps per day when walk-

g Q 5 . Lo

SHo = = ing, and 192 steps per day when jogging. In total, there was an

o E %" 2 -§ average activity of 3888 steps per day. One conclusion drawn

<<= | b from the study by the authors was that, in case of an overall

. _ A energy expenditure of 9—14 MJ/day determined by means of

—g = % % f the DLW method, the pedometer method yields results that

o _0';3 :{::) . E 7§ are close to the values of the DLW method. In two test persons

28E|l 5= g with an overall energy expenditure of more than 14 MJ per

2 = day, the values measured with the pedometer are lower than

z 2 2 those of the DLW measurement. The authors assume that this

§ ‘§ é is due to the activities on board the ship, such as repetitive

© v % lifting of heavy loads and movement on ramps and ladders,
- E . %" o E which could only be inadequately recorded by the pedometer
2 £73 g3 E < (Tharion et al. 2004).

Tl % g E gz g ‘; ) Six of the seven studies could be used for calculating the
g é% § ESE S § soldiers’ daily number of steps over all studies, taking into
§ = e A A account the number of test persons. The study of Schulze
: . & < et al. (2015) was not usable due to the lacking data on the
=| 8 = ﬁ number of on-duty hours. There was an average number of

el 3 = & 11,540 steps per day (Table 2).
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Table 2  Calculation of the average number of steps, taking into account the number of test persons of all usable studies

Source Number of test persons Measurement of the number of steps  Conversion into steps per day

(Aandstad et al. 2016) 411 10,448 steps/day on the workdays (10,448 steps/day x 5 days+9209 steps/day x 2 days):
9209 steps/day on the weekend 7 days= 10,094 steps/day

(Choi et al. 2010)" 109 8181 steps/day

(Nykanen et al. 2019)° 40 9835 steps/day

(Scott et al. 2007)* 180 9789 steps/day

(Tharion et al. 2004) 17 31,102 steps/8 days 31,102: 8 days= 3888 steps/day

(Wyss et al. 2012) 214 12.9 km/day 12,9 km/day: 0.0007 km* = 18,429 steps/day

Averaged number of steps 971 11,540 steps/day

1
2 The measurement values of the baseline measurement were used
3 The measurements of the 1st week were used
" The assumed step length amounts to 70 cm

n/a = Use for evaluation purposes was not possible due to lacking data

Discussion

In the seven studies recorded by the systematic literature re-
view, the soldiers performed between 2211 and 18,429 +4714
steps per day on average. Taking into account the respective
number of test persons in the individual studies, this results in
an averaged number of 11,540 steps per day excluding sea
travel, which were performed by the soldiers examined.
Altogether, there was a broad spectrum of test person collec-
tives within the military from various countries and partly
under specific framework conditions (e.g., missions abroad).

In comparison with studies among the civilian population,
the soldiers examined in this case performed more physical
activity in total. Thus, a study on 717,527 persons in 111
countries showed a physical activity of approximately 4900
steps per day on overall average (Althoff et al. 2017). There
was a country-specific spectrum ranging from 6880 steps per
day (in Hong Kong) to 3500 steps per day (in Indonesia). In
addition, the study showed that men perform more physical
activity than women.

Within the scope of prevention, a physical activity extent of
10,000 steps per day is recommended for adults (Tudor-Locke
et al. 2011). On average, this value is not achieved by the
civilian population (Althoff et al. 2017) and only in individual
studies by soldiers (Aandstad et al. 2016; Wyss et al. 2012).
Although an average number of 11,540 steps per day could be
determined in the calculation over all studies, it must not be
overlooked that, under particular framework conditions (e.g.,
at sea), the number of steps performed by soldiers is signifi-
cantly lower (cf. (Choi et al. 2010; Tharion et al. 2004). This
results in an increased risk of cardiovascular and metabolic
diseases, obesity, and low physical fitness as was shown by
examinations in the US Navy (Gregg and Jankosky 2012) and
on 1383 men of the Brazilian Navy (Costa et al. 2011). During
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The measurements performed during stationing ashore were used for the purpose of comparability with the other studies

missions abroad, the number of daily steps also seems to de-
crease over the deployment period (Nykanen et al. 2019).
These are military-specific peculiarities that must be taken
into account within the scope of preventive medical care at
both the behavior level and the ratio level. In this context,
corresponding offers could increase physical activities, partic-
ularly on ships (e.g., by means of appropriate fitness equip-
ment). An example of this is a one-year pilot project for health
promotion with 730 Finnish sailors, which included informa-
tion briefings on a healthy diet as well as an anti-smoking and
anti-alcohol campaign. Moreover, the test persons could par-
ticipate in fitness courses. Through the different interventions,
alcohol consumption could be reduced, and physical fitness as
well as occupational safety could be increased (Saarni et al.
2001). In addition, the injury risk of soldiers can be reduced by
sufficient physical activity (Jones and Knapik 1999).
However, the comparison of studies with test persons from
the overall population with studies involving military person-
nel is only expedient to a limited extent because it must be
taken into account, among other things, that the studies on
soldiers do not constitute a representative cross section of
the population in most cases. What the seven studies consid-
ered frequently have in common is a high share of male test
persons. The military profession is the reason for the fact that
the share of women in the overall collective of the entire mil-
itary personnel is mostly low, and thus the share of women in
the studies also tends to be low. Therefore, the results (of these
studies) can be compared with examinations on the overall
population to a limited extent only. The young age structure
of the military participants (mostly between 20 and 30 years)
also limits the comparability of associated data with those of
studies involving the overall population. Owing to regular
health examinations in the military, the collective of soldiers
in the above studies is selected in favor of fit, primarily healthy
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persons in the sense of the healthy worker effect (Baillargeon
2001). Thus, the comparison between soldiers and the civilian
population is limited with regard to various factors, but it
yields an indication for the assessment of the activity of daily
life of this occupational group.

High physical fitness is very important for soldiers during
day-to-day duties and also during missions abroad. Moreover,
noncompliance with the physical preconditions can result in
career disadvantages or exclusion from military service
(Bundesministerium der Verteidigung 2009). This explains
why soldiers comply with the physical activity recommenda-
tion and achieve a better physical activity behavior than the
civilian population. The latter is not subject to this pressure
and is thus less obliged by external factors to keep fit. This has
an influence on the physical activity motivation of the indi-
vidual persons.

This systematic literature review has method-related
strengths and weaknesses. Owing to the systematic approach
within the scope of the literature review, no essential papers
will be overlooked in the databases, if they have been identi-
fied as hits by the search algorithm (Muka et al. 2020).
Nevertheless, it is conceivable that papers have not been in-
cluded, particularly if they were published in journals not
listed in the PubMed database (Muka et al. 2020).
Moreover, examinations on soldiers in particular are at times
not freely accessible, which could also result in a non-
consideration of studies on this subject. As the study results
were not available in both cases, it cannot be estimated to what
extent these circumstances might have influenced the result of
the literature review. A particular strength of this paper is the
fact that, for the first time, a calculation of the average number
of steps was effected, taking into account the number of test
persons of all usable studies, so that the daily number of steps
performed by this occupational group could be analyzed with-
in the scope of a synopsis.

On the other hand, this paper shows the difficulty regarding
comparability of the studies with each other, which is due to
the different numbers of participants and the use of different
pedometers of various manufacturers (Ainsworth et al. 2015;
Li et al. 2016). However, it is particularly the measurement
under different conditions, e.g., during employment on board
a ship or under special military training and operational con-
ditions, which poses a challenge for the comparison of studies.
Moreover, the studies were consistently performed in different
nations, which is desirable in principle, but further limits com-
parability due to the different activities performed during the
measurements.

In summary, it could be shown by means of this literature
review that soldiers performed more physical activity than the
civilian population in the studies recorded and that the recom-
mended 10,000 steps per day were slightly exceeded on aver-
age. However, the number of steps performed was very low in
fields of activity with limited physical activity options, such as

on board a ship. Altogether, it thus seems that additional
health-promoting physical activity programs are not required
for most of the soldiers, but that, in contrast, corresponding
offers for physical activity alternatives, e.g., in the form of
fitness equipment, are urgently required in specific task areas
(e.g., on board ships).
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