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Changes in physical performance, 
body composition and physical 
training during military 
operations: systematic review 
and meta‑analysis
K. Pihlainen 1*, M. Santtila 2, B. C. Nindl 3, J. Raitanen 4,5, T. Ojanen 6, J. P. Vaara 2, J. Helén 2, 
T. Nykänen 7 & H. Kyröläinen 2,8

Systematic review and meta‑analysis applying PRISMA guidelines with a PICOS format was 
constructed to provide an overview of changes in physical performance, body composition and 
physical training in soldiers during prolonged (≥ 3 months) military operations. Twenty‑four studies out 
of the screened 4431 records filled the inclusion criteria. A small decrease in endurance performance 
was the most consistent finding (Hedge’s g [g] − 0.21, 95% CI − 0.01 to − 0.41) while small overall 
increases in maximal strength of the lower (g 0.33, 95% CI 0.16–0.50) and upper body (g 0.33, 95% CI 
0.19–0.46) were observed. In addition, small increases in strength endurance (push‑up, g 0.34, 95% CI 
0.15–0.52; sit‑up g 0.26, 95% CI 0.07–0.44) were observed. The overall changes in body composition 
were trivial. Heterogeneity in the outcome variables varied mainly between low to moderate. Large 
inter‑individual variations were observed in physical training volume, including decrements especially 
in endurance training frequency and volume. A reduction in total training load was often associated 
with negative changes in body composition and physical performance according to the principle of 
training specificity. Individuals with higher initial fitness level were more susceptible to decrements in 
their physical performance during operation.

Arduous occupational physical demands in various military environments are widely acknowledged. Ground 
force soldiers commonly perform their occupational duties wearing combat load in a prolonged manner at low 
intensities which increases energy expenditure mainly through aerobic metabolism. However, duties may also 
include intensive phases (e.g., combat actions, casualty evacuation, repetitive lifting) which raise the physical 
activity unexpectedly to very high  levels1–4, requiring higher neuromuscular performance and anaerobic energy 
 production5,6. Under such conditions, soldiers may not have sufficient time for recovery and could thus experi-
ence accumulation of physiological stress leading to fatigue. Acute physical fatigue deteriorate cognitive function, 
physical performance and critical combat skills such as shooting  accuracy7–11. In general, dramatic short-term 
hormonal disturbances and negative changes in body composition as well as physical performance have been 
reported following demanding military field  training3,12–15.

Occupational physical demands typically increase during military operations. According to Nagai et al.16, 
58% of combat aviation support soldiers carried regularly external loads with an average load of 22 kg during 
a one-year deployment in Afghanistan. The average duration and frequency of load carriage tasks were 3.5 h 
and 3.7 days per week. Boye et al.17 reported that the prevalence of soldiers performing physically demanding 
tasks during deployment increased from an average of 12 to 22% when compared to garrison duties. On the 
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other hand, physical training decreased during deployment by 6% (17% vs. 11%), respectively. The duration for 
an individual soldier being deployed may easily span over several  months16,18–21 and during that time, physical 
performance may deteriorate significantly with detraining superimposed under military operational stress. For 
example, decreases of up to 15–20% in maximal aerobic fitness  (VO2max)22 and about 10% in maximal muscu-
lar  strength23 have been observed already four weeks after the cessation of training. Detraining is an important 
consideration for physically demanding occupations, since a decline in an individual’s physical fitness increases 
the relative physiological demands of performing a task, reduces overall working capacity during prolonged 
assignments, and thereby increases the risk of  injury24.

High level of physical fitness and optimal body composition in combination with required occupational skills 
are significant factors for success in an military operational and deployed environment. The importance of endur-
ance performance increases with the duration of the physically demanding task, such as load  carriage4,25. Higher 
endurance performance has also been associated with better stress tolerance and improved ability to maintain 
cognitive  performance8,11,25,26 While endurance performance is associated with military tasks of longer duration, 
stronger relationships have been observed between high load, short duration tasks and muscular strength and 
 power4,27. In addition, a lower amount of fat mass and higher muscle mass have been reported to be associated 
with improved occupational performance for various military  tasks28–30. In addition to having higher occupa-
tional performance capacity, physically fit soldiers may be more resilient to operational stressors in demanding 
military  environments31. This is partly explained by improved sensitivity of the neuroendocrine system leading 
to the ability to recover faster from high operational  stress32.

Several studies have shown beneficial effects of physical training on military task  performance4. From a career 
perspective, military performance optimization starts from initial entry recruit or basic training. The follow-
ing employment training aim to build up a basic level of strength and endurance capacity for recruits, so that 
minimum standards for deployment are  met33. Before the deployment, fitness level can be further enhanced so 
that peak performance may be reached by the time the soldiers are transported to the operational  area33,34. The 
deployment phase can be compared to the competitive period of an athlete, with the aim of maintenance of physi-
cal performance qualities, which have been achieved during preparation period, throughout the  operation33,34. 
However, optimal methods of developing or maintaining physical and occupational performance during a pro-
longed military deployment are still under debate. While many studies have evaluated training adaptations in 
non-deployed soldiers, limited information is available from prolonged military  deployments3. Therefore, the 
aim of the present review and meta-analysis is to provide an overview of physical training and changes in body 
composition, physical performance, as well as their relationships, during prolonged military operations. More 
specifically, the aim is to review changes in physical performance, body composition and physical training that 
have been observed in soldiers during longer (≥ 3 months) military deployments and how physical training dur-
ing deployment impacts changes in physical performance and body composition outcomes. The rationale for 
this review is to provide knowledge and suggestions for subject matter experts on how physical training should 
be taken into consideration during prolonged military operations in order to avoid the deleterious effects of 
detraining and decrements in combat readiness.

Methods
This review and meta-analysis was constructed applying the PRISMA  guidelines35 for methodology and report-
ing. The participant, intervention, comparator, outcome, study design (PICOS)  format36 was used to develop 
eligibility criteria for study inclusion (Table 1). English-written peer-reviewed journal articles with a minimum 
of 3-month pre-post follow-up design for body composition and physical performance variables in deployed 
military personnel were eligible to the review. In addition, all available during-deployment training related data 
were taken into consideration.

Data for the present review were collected during November 2023 using Medline (PubMed), Google Scholar, 
and Scopus databases in the mentioned order. The boolean search query ““change*” AND (“body composition” 
OR “fitness” OR “exercise”) AND (“deployment” OR “military operation”)” was used for screening. In addition, 
citation search from the records filling the inclusion criteria was performed. Flowchart of the search strategy is 
presented in Supplement Table S1.

The screening of articles for potential relevance was firstly determined based on the title of the article, and 
secondly on abstract. The abstract screening and the inclusion selection was performed by two independent 
researchers who also were subject matter experts in the field of soldier physical performance in different military 

Table 1.  Participant, intervention, comparator, outcome, study design (PICOS) inclusion and exclusion 
criteria. NA not applicable.

Inclusion criteria Exclusion criteria

Population Healthy deployed land-operating (Army) military personnel Non-deployed military personnel

Intervention Deployment with a minimum duration of 3 months Deployments shorter than 3 months

Comparator NA NA

Outcomes Objectively measured body composition and/or physical performance variables Self-reported physical fitness or body composition data
Studies with only self-reported training data

Study design Empirical longitudinal (pre-post) studies
Peer-reviewed journal article or review

Cross-sectional studies
Book, technical report, congress proceeding, etc
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environments. Possible contradictory opinions on inclusion were decided by a third researcher who carefully 
read the articles and made the final decision for inclusion or exclusion. Finally, the abstract-screened full text 
articles were obtained and read, and the relevant ones were included in the review. Additionally, the references 
from the full text articles were reviewed for potential additional papers. After full-text screening phase, partici-
pant demographics, methodological design and main findings regarding physical activity and training, as well 
as changes in physical performance and body composition were compiled into Table 2.

The participant number, means and standard deviations of the selected outcome measures were entered into 
a spreadsheet for statistical analysis and Stata version 17.0 (StataCorp, College Station, Texas, USA) was utilized 
to conduct a meta-analysis along with the systematic review. Due to the low number of deployment studies in 
general, all studies filling the inclusion criteria were accepted for the review without methodological quality 
assessment. However, for meta-analysis, studies with overlapping datasets (e.g., same study population and vari-
able in different articles) were eliminated, using only the data with the highest study participant number per case 
to avoid bias in results. A random-effects restricted maximum likelihood (REML) approach was used to assess 
inter-study heterogeneity via forest plots, which was formulated by pooling the data from the included studies. 
Standardized mean differences (i.e., effect size, ES) were calculated using the Hedges  g37 and 95% confidence 
intervals (CI) according to Nakagawa et al.38 to determine the magnitude of pre versus post deployment differ-
ences with values of 0.2, 0.5, and 0.8 classified as small, medium, and large levels, respectively. Heterogeneity 
between the study samples included in the statistical analyses was assessed with values of 25%, 50%, and 75% 
classified as low, moderate, and high levels,  respectively39.

The most commonly reported outcome variables were included in the meta-analysis when reported by four 
or more  studies40. Physical performance variables included endurance performance (spiroergometry, running 
tests), maximal strength of the lower body (dynamic one repetition maximum i.e., 1RM lifting or squat, static 
lifting or leg press, knee extension) and the upper body (dynamic 1RM or static bench press, grip strength), lower 
body power production (vertical or horizontal jump, watt maximum in the Wingate test) and muscle endurance 
(repeated push-ups and sit-ups). The available anthropometric/body composition variables included body mass, 
muscle mass (e.g., fat-free mass, lean mass) and body fat (e.g., fat mass, fat percentage). The field running test 
results were converted into running speed e.g., meters per second for meta-analysis to enable their comparison 
with the other studies in one forest plot. Similarly, lower and upper body strength measures were converted 
from relative values (e.g., kg/body mass) to absolute (kg) using the study population mean body mass for the 
calculation to enable comparison between studies in one forest plot. However, measurement methods that dif-
fered significantly from each other (e.g., dynamic vs. isometric force assessment) were analyzed as sub-groups 
in the meta-analysis. The differences in the abovementioned measurement methods may have influence on the 
degree of changes and thus, ESs. In addition, the duration of deployments varied, as well as the delay between 
the deployment and the post-measurement (Table 2), both of which may increase bias to the results.

Results
A total of 4431 records were retrieved from the database searches. The title-screening reduced the number 
of potential records to 136. Based on inclusion and exclusion criteria, 23 records were selected for the review 
process. In addition, a citation search from the selected records resulted in inclusion of one more study for the 
review. Thus, after the final screening, 22 articles and two reviews were included in the present review. However, 
six of the abovementioned journal  articles41–46 were excluded as they reported overlapping data (e.g., same study 
population and variables) with the other studies included in the present review with larger participant number. 
Therefore, 16 journal articles and two reviews were included in the present review. The main findings of the 
abovementioned 16 articles are presented in Table 2.

The duration of the deployments varied from 3 to 15 months. Apart from three  studies20,30,47 in which body 
composition and/or physical performance measurements were performed in the middle of the operation, only 
pre and post measurement results were reported. The post measurements were mainly conducted in homeland 
after return from the operation with a mean and standard deviation delay of 15.1 ± 15.5 days (median 10 days). 
The post-measurements were conducted during deployment in five  studies18,30,47–49.

The number of participants (N = 1426, mean age 26.6 years, mean body mass 81.4 kg, mean height 178 cm) 
with the pre-post results varied from 20 to 251 between the studies published between the years of 2007 and 
2022. The number of original participants reduced significantly in most studies due to voluntary withdrawal, 
injuries, increased occupational duties and even death in combat. The study participants were mainly male 
soldiers. Three  studies16,51,52 reported that the participants included men and women but due to a low number 
of female participants, combined results were presented. Another two  studies19,20 did not specify the sex of the 
participants and only one  study53 reported combined results but also, men and women separately. The two lat-
ter subgroups were used independently in the ES calculations of this review. In addition, one study included a 
training intervention with a deployed control  group47 and thus, these two groups were used separately for the 
ES calculations. Due to overlap in body composition and physical performance results with three other studies 
of Pihlainen et al.46,49,50, only the  abovementioned47 was used for ES calculations.

A decrease in endurance performance with small but significant standardized mean difference (g − 0.21, 95% 
CI − 0.01 to − 0.41) has been the most consistently observed negative change in deployed soldiers (Fig. 1). The 
overall heterogeneity was moderate (57%), while in the sub-group analyses it was small. For example, Lester 
et al.54 observed a 13% decrement in the 2-mile running test performance (g − 0.89, 95% CI − 0.41 to − 1.38) in 
male soldiers deployed to Iraq for 13 months. Similarly, 10- to 15-month deployment to Iraq/Afghanistan induced 
an average decrease of 11% in endurance performance (g − 0.64, 95% CI − 0.24 to − 1.05) in 49 US Army National 
Guard  soldiers51. Five studies reported no changes in endurance performance. In contrast to the abovementioned 
studies, Sedliak et al.21 reported a mean improvement of 6% (g 0.59, 95% CI 0.04–1.15) in 5 km run combat load 
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Study

N (descriptives), operation, 
duration, delay between 
deployment and post 
measurement Physical activity/training

Changes (pre-post) in body 
composition

Changes (pre-post) in 
physical performance Relationships/associations

Dyrstad et al.18

n = 71 males (21 ± 2 yrs, 
80.3 ± 9.7 kg, 181 ± 7 cm), 
Kosovo peacekeeping opera-
tion, 12 months, measure-
ment delay 0 days

Training frequency and 
volume 1.8 ± 1.2 sessions and 
117 ± 77 min/week, respec-
tively (endurance training 
0.6 ± 0.5 sessions/32 ± 31 
min; strength training 
1.3 ± 1.0 sessions/85 ± 70 
min)

Body mass + 3%
3 km run time + 5%
RM sit-ups, NS
RM push-ups, NS
RM pull-ups + 38%

Operation training volume 
versus ∆  VO2max, r = 0.46, 
p < 0.001

Sharp et al.19

n = 110 (23 ± 5 yrs, 
83.3 ± 14.7 kg, 178 ± 7 cm), 
Afghanistan, 9 months, 
measurement delay 18 ± 14 
days (range 5–209 days)

Percent of soldiers train-
ing ≥ 3 times/week (pre vs 
during):
Endurance: 80% versus 35%
Strength: 58% versus 56%
Sports: 11% versus 8%
Percent of soldiers train-
ing > 30 min/week (pre vs 
during):
Endurance: 78% versus 57%
Strength: 90% versus 74%
Sports: 54% versus 53%

Body mass − 2%
Fat-free mass − 4%
Body fat + 8%
Body fat + 10%
Bone mineral content − 4%

VO2max -5%
2 kg medicine ball throw 
− 5%
Vertical jump, NS
Dynamic lifting strength, 
NS

Pre versus during ∆ strength 
training frequency versus 
∆ fat-free mass, r = 0.37, 
p < 0.01,

Lester et al.54

n = 73 males (24 ± 5 yrs, 
76.6 ± 10.2 kg, 174 ± 7 cm), 
Iraq, 13 months, measure-
ment delay max. 14 days

Percent of soldiers train-
ing ≥ 3 times/week (pre vs 
during):
Endurance: 88% versus 29%
Strength: 63% versus 44%
Sports: 85% versus 34%
Percent of soldiers train-
ing > 30 min/week (pre vs 
during):
Endurance: 85% versus 41%
Strength: 81% versus 69%
Sports: 85% versus 34%

Body mass + 3%
Lean mass + 3%
Body fat + 9%
Body fat + 4%

2 mile run time + 13%
1RM bench press + 7%
1RM squat + 8%
30%1RM bench throw + 9%
Squat jump, NS

Operation strength train-
ing frequency versus ∆ 
1RM bench press, r = 0.61, 
p < 0.05,
Operation strength training 
duration versus ∆ 1RM 
bench press, r = 0.48, 
p < 0.05,
Operation strength training 
frequency versus ∆ lean 
mass, r = 0.34, p < 0.001

Warr et al.51

n = 54 (47 males and 
7 females, 27 ± 7 yrs, 
82.9 ± 15.8 kg, 174 ± 7 cm), 
Afghanistan, Iraq, 10–15 
months, measurement delay 
max. 10 days

NA Body mass − 2%
Body fat − 11%

VO2max − 11%
1RM bench press relative to 
body mass + 10%
1RM squat relative to body 
mass + 14%
2 min push-up + 16%
2 min sit-up + 11%
Wingate anaerobic power, 
NS

Operation medical visits 
versus ∆  VO2max; back-
related visits, r = − 0.31, 
p < 0.05, behavioral health 
visits, r = − 0.28, p < 0.05

Rintamäki et al.55

n = 20 males (22 ± 3 yrs, 
78.8 ± 11.5 kg, 180 ± 6 cm), 
Chad crisis management 
operation, 4 months, meas-
urement delay NA

Percent of soldiers train-
ing ≥ 3 times/week during 
operation:
Endurance: 11%
Strength: 13%

Body mass − 4%
Body fat, NS
Body fat, NS

12 min running test, NS
MVClower + 8%
Grip strength, NS
1 min push-up, NS
1 min sit-up + 11%
1 min squats, NS
Counter movement 
jump + 27%

NA

Carlson et al.52

n = 53 Combat
Service Support Soldiers, 12 
males, 7 females (23 ± 3 yrs, 
73.3 ± 12.3 kg, 173 ± 11 cm), 
Iraq, 12 months, measure-
ment delay max. 60 days

Baecke Habitual
Physical Activity Index
pre versusduring:
Work: 2.51 versus 2.24 
(− 11%)
Sport: 2.53 versus 2.55 (NS)
Leisure: 2.51 versus 2.58 
(NS)

Body mass, NS
Bone mineral density;
Femoral neck + 1%
Spine, NS

NA NA

Warr et al.53

n = 88, 76 males (27 ± 6 yrs, 
86.9 ± 14.9 kg, 177 ± 6 cm) 
and 12 females (32 ± 12 yrs, 
66.2 ± 10.1 kg, 164 ± 5 cm), 
Afghanistan, Iraq, measure-
ment delay max. 10 days

Percent of soldiers train-
ing ≥ 3 times/week during 
operation:
Endurance: 57% (males 53%, 
females 83%)
Strength: 67% (males 68%, 
females 58%)

Body mass − 2%
Fat-free mass + 2%
Body fat − 18%
Body fat − 16%

VO2max, NS
1RM bench press relative to 
body mass + 11%
1RM squat relative to body 
mass + 14%

NA

Fallowfield et al.20

n = 249 (28 ± 7 yrs, 82.8 ± 9.1 
kg, 179 ± 6 cm), Afghani-
stan, 6 months, measure-
ment delay max. 7 days

NA
Body mass, NS
Fat-free mass, NS
Body fat, NS

VO2max, NS
2 min press-up, NS
2 min sit-up, NS
Grip strength, NS
Isometric lifting strength, 
NS

NA

Psutka et al.48

n = 251 (183 males, 
68 females, 32–34 yrs, 
80.3 ± 13.5 kg), Afghanistan, 
3–4 months, measurement 
delay 0 days

NA
Body mass, NS
Body fat, NS
(Visceral fat − 2%)
Muscle mass, NS

NA NA

Continued
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N (descriptives), operation, 
duration, delay between 
deployment and post 
measurement Physical activity/training

Changes (pre-post) in body 
composition

Changes (pre-post) in 
physical performance Relationships/associations

Frank et al.56

(Within-group significances 
not reported)

n = 158; Telehealth group 
(TG, n = 66, 24 yrs, 
82.1 ± 14.7 kg, 176 ± 7 cm), 
Control group (CG, n = 92, 
24 yrs, 85.3 ± 13.8 kg, 176 ± 7 
cm), Afghanistan 9 months, 
measurement delay max. 
30 days

Baecke Habitual
Physical Activity Index
pre versusduring:
Work, TG: 3.35 versus 3.32
Work, CG: 3.14 versus 3.14
Sport, TG: 2.68 versus 2.97
Sport, CG: 2.94 versus 2.76*
Leisure, TG: 3.14 versus 3.37
Leisure, CG: 3.28 versus 3.24
*, between-group compari-
son (p < 0.05)

TG vs CG:
Body mass, NS
Waist circumference, NS
Body fat% + 23% versus 
− 2%*
Bone mineral density, NS
*, between-group compari-
son (p < 0.01)

NA NA

Nagai et al.16

n = 35 (30 males, 5 females, 
25 ± 5 yrs, 76 ± 14 kg, 174 ± 9 
cm) Afghanistan, 11–12 
months, measurement delay 
23 ± 22 days

85% of soldiers reported 
engaging in physical activity 
regularly (endurance type of 
activity 82%, strength 86%, 
both types 71%, sports 7%)
Physical training/activity 
frequency 4.6 ± 1.5 days/
week; duration 66.8 ± 26.2 
min

Body mass, NS
Body fat, NS

VO2max, NS
Anaerobic power + 7%
Anaerobic capacity, NS
Knee extension, NS
Knee flexion, NS

NA

Farina et al.57

n = 50 males (34 ± 5 yrs, 
86 ± 9 kg), Afghanistan or 
N/A, 3–6 months, measure-
ment delay max. 10 days

Endurance training volume 
(pre vs during): 156 vs 250 
min/week;
Strength training volume 
(pre vs during): 190 vs 
336 min/week;

Body mass, NS
Lean mass + 1%
Body fat, NS
WC, NS
NC, NS

Grip strength + 6% ∆ body mass versus ∆ 
SHBG, r = − 0.33, p < 0.05

Pihlainen et al.49

n = 79 males (30 ± 8 yrs, 
79 ± 8 kg, 179 ± 7 cm), Leba-
non, 6 months, measure-
ment delay 0 days

pre-post during operation:
Daily step count − 10% 
(9472 versus 8321 steps)
Inactivity increased 
(MET < 1.5, 76% vs. 78%) of 
time awake
No changes in light PA 
(MET 1.5–3.0, 12%)
Moderate PA (MET 3–6) 
decreased (10% vs 9%)
No changes in vigorous PA 
(MET > 6, 1%)

Body mass + 1%
Muscle mass + 1%
Fat mass, NS

NA

Inactivity (%) versus ∆ body 
mass, r = − 0.28, p < 0.05; 
Light PA (%) versus ∆ body 
mass, r = 0.26, p < 0.05; 
Moderate PA (%) versus ∆ 
body mass, r = 0.27, p < 0.05

Pihlainen et al.50

n = 66 males (30 ± 9 yrs, 
79.4 ± 8.2 kg, 180 ± 7 cm), 
Lebanon crisis management 
operation, 6 months, meas-
urement delay 0 days

Soldiers provided with a 
2 × week combined strength 
and endurance training 
program were split into 
two groups based on ∆ in 
3000-m running test time 
during operation:
Improved endurance perfor-
mance = HiR
Decreased endurance per-
formance = LoR
Training frequency (pre vs 
during):
HiR, endurance training 
2.3 ± 1.4 versus 2.4 ± 1.0 
(+ 28 ± 57%) sessions/week;
LoR, endurance training 
2.6 ± 1.6 versus 1.4 ± 1.1 
(− 40 ± 64%) sessions/week;
HiR, strength training 
1.8 ± 1.4 versus 1.9 ± 1.1 
(+ 9 ± 62%) sessions/week
LoR, strength training 
2.9 ± 1.2 versus 2.7 ± 1.5 
(+ 15 ± 101%) sessions/week

Body mass HiR versus LoR,
− 1.0% vs + 2.3% (p < 0.001*)
Muscle mass HiR versus 
LoR, 0.5% versus 1.4% (NS)
Fat mass HiR versus LoR,
− 7.6% versus + 14.2% 
(p < 0.001*)
*, between-group compari-
son method

MST time HiR versus LoR,
− 14% versus − 8% 
(p < 0.01*)
MVClower HiR versus LoR,
 + 17% versus + 8% (NS*)
MVCupper HiR versus LoR,
 + 2% versus + 2% (NS*)
Standing long jump HiR 
versus LoR, + 1% versus 
− 1% (NS*)
1 min Sit-up HiR versus 
LoR,
 + 6% versus + 6% (NS*)
1 min Push-up HiR versus 
LoR,
 + 28% versus + 12% 
(p < 0.01*)
RM Pull-up HiR versus 
LoR,
 + 40% versus + 43% (NS*)

Pre versus during ∆% 
endurance training fre-
quency versus ∆% 3000 m 
running test time, r = − 0.57, 
p < 0.001
Pre versus during ∆% 
strength training frequency 
versus ∆% body mass, 
r = 0.42, p < 0.01; ∆% muscle 
mass r = 0.31, p < 0.05; ∆% 
fat mass, r = 0.35, p < 0.05
∆% in strength-to-endur-
ance training ratio versus 
∆% body mass, r = 0.43, 
p < 0.05
∆% 3000 m running test 
time versus body mass, 
r = 0.41, p < 0.01; fat mass, 
r = 0.53, p < 0.001; MST 
time, r = 0.48, p < 0.001

Sedliak et al.21

n = 25 males (30 ± 4 yrs, 
87.8 ± 14.6 kg, 179 ± 6 cm), 
Afghanistan, 6 months, 
measurement delay max. 
14 days

Physical training at least 1h 
x day;
Endurance training 3 ses-
sions/week; Strength train-
ing 3 sessions/week;
Ball games 2 sessions/week

Body mass, NS
Body fat − 10%

5 km run time in combat 
load − 6%
4 × 10 m run time − 3%
10 × 10 m run time, NS
RM Pull-up + 60%
Bench press + 9%
Maximal power output dur-
ing bench
press, NS

Frequencies of endurance 
training/ball games (but 
not strength training) cor-
related with ∆ in physical 
performance and body 
composition variables 
(r = 0.42–0.74)
∆ 5 km run time in combat 
load versus ∆ body mass, 
r = 0.44, p < 0.01; ∆ fat mass, 
r = 0.49, p < 0.01
∆ pull-up versus ∆ body 
mass, r = 0.60, p < 0.01; ∆ fat 
mass, r = 0.57, p < 0.01

Continued
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Changes (pre-post) in body 
composition

Changes (pre-post) in 
physical performance Relationships/associations

Pihlainen et al.47

n = 78 males (29 ± 8 yrs, 
79 ± 8 kg, 180 ± 7 cm), 
Lebanon crisis management 
operation, 6 months, meas-
urement delay 0 days

Overall training frequency 
3.2 ± 1.5 sessions/week 
(endurance training 1.7 ± 1.2 
sessions/week; strength 
training 1.5 ± 0.9 sessions/
week)
Soldiers provided with a 
2 × week combined strength 
and endurance training 
program = EXP, control 
group = CON

Body mass, NS (both 
groups)
Muscle mass + 1% (EXP)
Fat mass, NS (both groups)

3000 m run time, NS (both 
groups)
MST time − 13% (EXP), 
− 13% (CON)
MVClower + 13% (EXP)
MVCupper, NS (both groups)
Standing long jump − 2% 
(CON)
1 min Sit-up + 6% (EXP)
1 min Push-up + 15% 
(EXP), + 15% (CON)
RM Pull-up + 30% 
(EXP), + 31% (CON)

Relative increases in 
strength training frequency, 
TES/SHBG ratio and 
decrease in MST time 
explained 32% of the 
variance in relative increase 
in muscle mass during 
operation
Higher relative lower body 
strength training volume 
load and increased 3000m 
running test time explained 
51% of the variance in 
relative increase in fat mass 
during operation
Relative increases in BMI, 
MST time, decrease in RM 
pull-up and faster baseline 
3000 m running test time 
explained 68% of the vari-
ance in relative increase in 
3000 m running test time

Table 2.  Main findings of the reviewed studies. RM repetition maximum; NS not significant; NA not available; 
MVClower maximal voluntary contraction force of the lower body; DXA dual-energy x-ray absorptiometry; 
TG Telehealth group; CG control group; WC waist circumference; NC neck circumference, SHBG sex-
hormone binding globulin; PA physical activity; MET metabolic equivalent; MST military simulation test; EXP 
experimental group; CON control group; MVCupper maximal voluntary contraction force of the upper body; 
TES testosterone; BMI body mass index.

Figure 1.  Summary of meta-analysis results for changes in endurance performance reported in standardized 
means (with 95% CI) and Hedge’s g. Abbreviations; M, male; F, female; EXP, experimental group; CON, control 
group.
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run time during a six-month deployment in Afghanistan. In addition, a decrease in military specific endurance 
test time correlated with the respective decrement in body fat mass (r = 0.49, p < 0.01). Similar results have been 
reported in other  studies50. Only one study reported changes in endurance performance in female soldiers. Warr 
et al.53 observed a small (3%) but statistically insignificant mean improvement in endurance performance with 
a trivial ES (g 0.16, 95% CI − 0.61 to 0.94) in 12 female soldiers deployed to Afghanistan/Iraq. The improvement 
in females was statistically significant when compared to the respective negative change in male soldiers.

Of the available eight studies, an increase in maximal strength of the lower body was reported in five stud-
ies while none of the studies reported decreases. The overall increase in lower body strength (g 0.33, 95% CI 
0.16–0.50) was small but statistically significant (Fig. 2) and the heterogeneity was low (42%). The sub-group 
analysis showed moderate heterogeneity across studies using various dynamic lower body muscle strength tests. 
Similarly, increase in upper body strength (Fig. 3) was reported in five out of available eight studies with small 
but significant overall ES for change (g 0.33, 95% CI 0.19–0.46). Heterogeneity across the studies assessing upper 
body strength was low (0%).

A measure of lower body power was reported in seven articles with a small overall g of 0.26 (95% CI − 0.20 
to 0.73) and heterogeneity of 89%, revealing high variability especially across studies using various jump tests. 
With the exception of one  study55, the changes were small to trivial (Fig. 4) and without the study of Rintamäki 
et al.55 ES would have been 0.03 (95% CI − 0.12 to 0.18). A measure of upper body power was reported only in 
three  studies19,21,54 and thus, it was not included in this review.

Improvement in, at least, one muscular endurance test result (e.g., number of repetitions in pull-ups, push-
ups and sit-ups) was reported in five out of six available  studies18,21,47,51,55, while the rest reported no changes. 
Push-ups and sit-ups were the most commonly used tests. The overall ESs for push-up and sit-up performances 
were small, g 0.34 (95% CI 0.15–0.52) and 0.26 (95% CI 0.07–0.44), respectively (Fig. 5). The overall as well as 
sub-group heterogeneity was 0% in the analyses of muscular endurance.

Body mass changes were reported in 15 studies, fat mass (or fat%) in 13 studies, and muscle mass (or lean 
mass/fat-free mass) in eight studies. The overall ES for change in body mass was trivial (g -0.05, 95% CI − 0.13 to 
0.03). Fat mass (or fat%) increased in three  studies19,54,56, decreased in three  studies21,51,53, and no changes were 
observed in seven  studies16,20,47–49,55,57. Overall, the ES for change in fat mass was trivial with an overall g of − 0.05 

Figure 2.  Summary of meta-analysis results for changes in maximal strength of the lower body reported in 
standardized means (with 95% CI) and Hedge’s g. Abbreviations; M, male; F, female; BM, body mass; EXP, 
experimental group; CON, control group.
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(95% CI − 0.21 to 0.10). Likewise, the overall ES for change in muscle mass (g 0.04, 95% CI − 0.12 to 0.20) was 
trivial. Muscle mass increased in four  studies49,53,54,57 and in the experimental training group of one  study47, while 
decreases were observed in  one19 study. No changes in muscle mass were observed in two  studies20,48 and in the 
control group of the study of Pihlainen et al.47. Effect sizes for body composition are presented in Figs. 6, 7 and 8.

Physical activity or training was self-reported with various methods by using training diaries or post-deploy-
ment surveys in 13 articles. Compared to pre-measurement, physical activity was maintained or decreased during 
the  operation49,52,56. In addition, large inter-individual variations in physical training volume and decrements, 
especially in endurance training frequency and volume, were observed in the most studies that reported train-
ing statistics both preceding and during  operation19,50,54. For example, Sharp et al.19 reported that prevalence of 
soldiers engaging endurance training, at least, three times per week reduced from 80% preceding the operation 
to 35% during the operation in Afghanistan. Lester et al.54 documented similar reductions (88% vs. 29%) from 
Iraq. The percentage of soldiers performing strength training, at least, three times per week did not change as 
markedly as endurance training. The respective pre versus during distributions for strength training were 58% 
versus 56%19 and 63% versus 44%54. However, one  study57 reported increases of 60% (156 ± 106 vs. 250 ± 182 min/
week) and 77% (190 ± 101 vs. 336 ± 251 min/week) in endurance and strength training volumes of 35 Special 
Operations Forces soldiers during 3–6 month deployment in Afghanistan and other undefined locations. Sum-
mary of physical activity and training during deployments is presented in Table 2.

Decrements in training volume were often related to negative changes in physical performance and body 
composition following the principle of training specificity (Table 2). Dyrstad et al.18 observed large individual 
variations in training volume and changes in aerobic capacity (r = 0.46, p < 0.001) during a 12-month deploy-
ment in Kosovo. One third (n = 20) of the Norwegian soldiers, whose  VO2max decreased (− 3 ± 4%), performed 
physical training on average 77 ± 48 min/week (endurance 31 ± 22, strength 46 ± 35 min/week) during the opera-
tion. In contrast, the other third (n = 19) whose  VO2max was improved (+ 4 ± 4%) during the operation, trained 
169 ± 76 min per week (endurance 48 ± 46, strength 121 ± 71 min/week), e.g., more than twice as much as the 
group with a decreased aerobic  capacity18. Warr et al.53 compared training adaptations in National Guard soldiers 
who engaged in training ≥ 3 times/week versus those performing less than that during deployments in Iraq and 
Afghanistan. In general, no changes were observed in  VO2max during deployment, but interaction between 
group and time was observed between soldiers performing endurance training ≥ 3 times per week and those 
training less than that (∆  VO2max + 2% vs. − 8%, p < 0.05). Pihlainen et al.50 observed that deployed soldiers 
(n = 24) whose endurance performance decreased during a 6 month operation in Lebanon reported that their 

Figure 3.  Summary of meta-analysis results for changes in maximal strength of the upper body reported in 
standardized means (with 95% CI) and Hedge’s g. Abbreviations; M, male; F, female; EXP, experimental group; 
CON, control group.



9

Vol.:(0123456789)

Scientific Reports |        (2023) 13:21455  | https://doi.org/10.1038/s41598-023-48712-2

www.nature.com/scientificreports/

endurance training frequency was 40% lower (2.6 ± 1.6 vs. 1.4 ± 1.1 times/week) than preceding the operation. 
On the contrary, soldiers who improved their endurance performance during the operation, increased endurance 
training frequency (2.3 ± 1.4 vs. 2.4 ± 1.0 times/week) from the pre-deployment level. Also, correlation between 
the relative pre-during operation change in endurance training frequency and percent change in 3000 m run 
time was observed (r = − 0.57, p < 0.001).

Regarding strength training during deployment, Lester et al.54 reported a relationship between strength 
training frequency and change in 1RM bench press (r = 0.61, p < 0.05). Warr et al.53 found an interaction between 
group and time (p < 0.001) in change of 1RM bench press result between soldiers performing strength training ≥ 3 
times per week (+ 15%) and those performing less than three times per week (+ 3%). Pihlainen et al.50 found a 
moderate correlation between relative pre-during operation change in strength training frequency and respec-
tive change in muscle mass (r = 0.31, p < 0.05). Moderate correlations between strength training frequency and 
changes in muscle mass have been reported also in earlier deployment  studies19,54.

As for physical performance, also body composition changes seem to be, at least partly, related to their base-
line values. For example, Sharp et al.19 reported significant mean decreases in body mass and fat-free mass only 
in soldiers in the highest initial quartiles, whereas no changes were found in the lowest quartiles. According to 
Farina et al.57, mean body mass did not change in the British Royal Marines during their 3–6 month deploy-
ment, but when participants were split into quartiles according to their baseline body mass, significant increases 
were observed in the lowest two groups, whereas the individuals with the highest baseline body mass tended to 
decrease body mass during operation.

Among the few articles reporting changes between the pre and post measurements, Fallowfield et al.20 
observed decreases of 5% (3.9 kg) in body mass and 8% in body fat percentage in the British Royal Marines dur-
ing the first half of a 6 month operational deployment in Afghanistan. The soldiers regained their body mass and 
fat percentage by the end of the deployment and thus, no pre-post changes were observed in these variables in 
the end of the study. Similarly, fat-free mass decreased by 1.9 ± 1.9 kg in the first half and increased by 2.1 ± 1.8 kg 
during the latter half of the operation. Pihlainen et al.47 also reported a modest increase in body mass during 
the latter half of a 6 month crisis-management operation in Lebanon in soldiers who were provided a combined 
strength and endurance training program (+ 0.4 kg, p < 0.05) as well as soldiers in the control group without 
training program (+ 0.7 kg, p < 0.05). While no pre-post changes in body mass or fat mass were observed, respec-
tive increases were reported in muscle mass (+ 0.4 kg, p < 0.05) of soldiers provided with a training  program47.

Figure 4.  Summary of meta-analysis results for changes in lower body power reported in standardized means 
(with 95% CI) and Hedge’s g. Abbreviations; EXP, experimental group; CON, control group.
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Discussion
The present systematic review and meta-analysis examined changes in physical performance and body composi-
tion during military operations with a minimum duration of three months. Additionally, the aim was to report 
physical activity and training along with their interactions with fitness and body composition. This meta-analysis 
showed that overall, endurance performance decreased while maximal strength of the lower and upper body as 
well as muscular endurance increased during deployments. However, the standardized mean differences were 
mainly trivial or small, with large variation between the studies explaining high statistical heterogeneity val-
ues. This is logical as the outcomes varied from negative to positive changes. Also, significant variation existed 
between the duration of deployments, measurement methods, training facilities, security situations, some to 
mention.

The first four available deployment studies from 2007 to  201218,19,51,54 reported significant declines in endur-
ance performance, which in general was the most consistent finding from the military operation studies of that 
time period regarding physical performance. Thereafter, most studies reported no change in endurance perfor-
mance. However, endurance performance was the only variable in the present review showing negative overall 
change in terms of mean ES. Therefore, maintenance of this fitness attribute should be in the focus of military 
commanders during operation.

Increases in maximal strength of the lower and upper body as well as muscular endurance may reflect train-
ing habits and preferences of soldiers during deployment. The overall change with 95% CI in lower body power 
varied from increase to decrease. Only one study reported very large ES for increase in lower body  power55. 
Excluding this result, the present meta-analysis reports no overall change in lower body power, despite the 
increase in maximal strength. The same  study55 resulted in high level of heterogeneity in the meta-analysis, and 
it was considered as potential outlier but due to limited number of studies overall, it was not removed from the 
analyses. However, if it had been removed, the pooled effect size value of maximal jumping height or distance 
would have changed from 0.46 (− 0.59 to 1.52) to 0.00 (− 0.21 to 0.21) and,  I2 value from 95.2 to 0.0%. Several 
studies have reported decrements in lower body power after strenuous military field  exercise15,58. This may be due 
to neuromuscular fatigue combined with loss of muscle mass, the two factors contributing to fast force produc-
tion ability. Based on findings from the reviewed deployment studies, the occupational physical load may not 
be as high as compared to field exercises, at least for the whole duration of the operation. Since explosive force 

Figure 5.  Summary of meta-analysis results for changes in muscular endurance (push-up and sit-up tests) 
reported in standardized mean (with 95% CI) and Hedge’s g. Test duration; Dyrstad et al. 2007, RM; Warr et al. 
2012, Fallowfield et al. 2014, 2 min RM; Rintamäki et al. 2012, Pihlainen et al. 2022, 1 min RM. Abbreviations; 
EXP, experimental group; CON, control group.
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production is important fitness component, especially, during combat  missions59, a special focus should be paid 
in maintenance of this ability throughout the military operation.

The overall body composition changes were mainly small or trivial, and the results between the studies varied 
rather evenly from negative change to no change and positive change. A review by McCarthy et al.60 reported 
effect sizes similar to the present meta-analysis for body mass and fat%. The changes in body composition and 
physical performance were, at least partly, explained by individual variation in training status and history. Also, 
although energy balance and nutrition were not in the focus of this review, it is widely known that long-term 
suboptimal diet combined with insufficient physical activity may lead to negative changes in body composition, 
physical performance and cardiometabolic  health44.

Expected adaptation to decrements in total training load during deployment would be attenuation of physical 
performance according to the principle of training specificity. This may be the major explanation for decreased 
endurance performance reported in many deployment studies. Especially endurance training volumes decreased 
in deployed  soldiers19,50,54. In some deployments, military tasks alone were not physically demanding enough to 
maintain endurance performance, and the total physical activity/work load remained  low49. It is also possible that 
the conditions at the military bases did not support endurance training (e.g., lack of running pathways, tread-
mills or ergometers, hot climate etc.). Supporting this hypothesis, some studies reported that negative change 
in endurance performance was associated with either lower than average endurance training  frequency19,53 or 
decreased endurance training frequency from time preceding  operation50. Thus, to avoid decrements in endur-
ance performance, endurance-training load should not be dramatically reduced from the level preceding the 
operation, especially in soldiers with higher initial fitness level, who may be more susceptible to decrements in 
their physical performance during  deployment19,50. In one study with a positive change in endurance performance 
during deployment, it was speculated that an increase in total training volume, when compared to normative 
training of soldiers, explained the positive  adaptations21. Negative changes in fitness were also associated with 
other negative outcomes, such as higher number of medical  visits51, increases in fat  mass18,21,50 and decreased 
perception of overall  health53.

Many of the reviewed articles, as well as other  studies17, have reported that the overall external training load 
(reported training volume, frequency and/or intensity) decreased during the operation as compared to time 
preceding it. Many reasons may explain this phenomena, including high operational tempo, increased duties 
and 24 h readiness demand, lack of motivation as well as lack of training facilities or equipment. On the other 
hand, many studies reported that physical training occurred during operations. Thus, detraining may have been 
rather an individual choice than result of lacking possibilities. Indeed, one of the likely reasons is that physical 
training was not  compulsory18,21,47,54,55 and maintenance of physical performance was based on the resposibility/

Figure 6.  Summary of meta-analysis results for changes in body mass reported in standardized mean (with 
95% CI) and Hedge’s g. Abbreviations; M, male; F, female; EXP, experimental group; CON, control group.
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motivation of the individual soldier. Interestingly though, many of the reviewed  papers18,21,47,54,55 recommended 
more obligatory and individually tailored physical training, especially during low-tempo phases of deployment to 
maintain readiness and capability for the possible intensive phases and in general, until the end of the operation 
period. It must be acknowledged though, that intrinsic, instead of extrinsic, motivation supported maintenance 
of training habits during  operation18. However, it is challenging to change intrinsic motivation towards train-
ing during deployment. One simple solution could be guided or supervised compulsory physical training, in 
addition to general or military specific fitness and body composition assessments, implemented throughout the 
deployment period. Professionally guided training sessions along with performance assessments might lead to 
higher motivation, more optimal adaptations, and lower injury rate. It is important to acknowledge that large 
proportion (23%) of non-combat injuries have been reported to occur during sport  activities61, especially during 
strength  training24. Thus, properly guided training could therefore even enhance the occupational performance 
of soldiers by reducing sports-related injuries.

A recommendation for physical training periodization during deployment has been presented in the literature 
by  Haff34. The starting point is two weekly strength training sessions interspersed with recovery day plus aero-
bic/anaerobic training session for one-to-two times per week. This is in line with a review from Spiering et al.62 
who reported that a minimum dose for maintenance of endurance performance for 15 weeks in general adult 
population is two weekly training sessions. Strength and muscle mass can be maintained even for longer period 
(up to 32 weeks) with just one weekly strength training session and one set per exercise. Thus, maintenance of 
physical performance at least for 15–32 weeks is possible with reduced overall training volume (duration and/
or frequency) during deployment, but training intensity should be kept high. Naturally, individualization is 
required since large variation in training history and fitness level exist between  soldiers63. Smith et al.64 reported 
in their review and meta-analysis that more structured high-intensity strength and endurance training, or their 
combination (e.g., combined training) is more effective training method to improve endurance performance, 
strength, power, muscular endurance in soldiers, compared to traditional military physical training typically 
consisting of running/walking and calisthenics with lower intensities. Moreover, high-intensity interval training 

Figure 7.  Summary of meta-analysis results for changes in fat mass reported in standardized mean (with 95% 
CI) and Hedge’s g. Abbreviations; M, male; F, female; EXP, experimental group; CON, control group.
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(HIIT) and/or high-intensity functional training (HIFT) can be considered as a practical training method for 
soldiers whenever time allocated to training and access to fitness facilities are  limited65. HIIT/HIFT may even 
be performed in operational environments or during operations where decrements in aerobic performance have 
been  observed63. In addition, these “non-traditional” training practices may reduce musculoskeletal injury  risk64.

Ideally, training emphasis and prescription would be based on occupational task/demands analysis. It also 
needs to be taken into consideration that soldiers may encounter several external stressors during deployment 
which may impair their ability to recover from training load and therefore, more recovery may be required for 
periodization of training during deployment. If these additional stressors are not considered, risks for non-
functional overreaching and injury are  increased3,34,63. One potential option is flexible non-linear periodization 
model, which allows soldiers to take into consideration the occupational stress and modulate training accord-
ingly. Flexible periodization does not mean that workouts are selected by personal preferences but instead, ses-
sions that are targeted to develop qualities that require training in a recovered state (e.g., maximal and explosive 
strength), are performed accordingly. If the occupational duties do not enable longer (one-hour) consecutive 
training sessions, they may also be performed in shorter bouts (i.e., micro-training) without the risk of attenu-
ated training  adaptations66.

Following limitations of reviewed studies were identified. A large variation in research methodology including 
differences in measurement methods, delay between post measurements and unclearly reported sex-distribution 
complicate the inference of results. Moderator analyses to determine which factors contribute to the variability 
in effect sizes may have improved the quality of the present meta-analysis. However, due to the complexity of 
moderating factors across the studies, this could not be performed thoroughly. Thus, conflicting findings between 
the studies are likely, at least partly, explained by differences in security situation, resources, possibilities, and 
motivation for physical training, as well as duration of the follow-up. In addition, decrements in study popula-
tion was common finding of the reviewed studies. This needs to be considered when planning future military 
operation studies. Finally, this review did not consider the effects of nutrition in body composition or physical 
performance changes since studies focusing on effects of nutrition during deployment are still scarce.

Figure 8.  Summary of meta-analysis results for changes in muscle mass reported in standardized mean (with 
95% CI) and Hedge’s g. Abbreviations; M, male; F, female; EXP, experimental group; CON, control group.
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Conclusion
Each deployment is a unique challenge for soldiers to maintain their initial fitness level and body composition, 
which requires individually tailored training programs for optimization of physical performance and readiness 
throughout the operation. Overall, special attention should be paid in maintenance of aerobic endurance, which 
was the most likely performance variable to decrease during deployment. Regarding neuromuscular perfor-
mance, lower and upper body strength and muscular endurance are less likely to decrease. Body composition 
changes were mainly small and varied from negative to positive changes in muscle and fat mass. Detraining 
seems to be problem, especially, for soldiers with high initial fitness level. To minimize declines in performance 
and readiness, soldiers should be encouraged to perform frequent endurance and strength training, depending 
on their pre-deployment training status, at least 2–4 times per week using flexible non-linear periodization. At 
least, a part of physical training should be supervised or preferably guided to optimize training adaptations and 
minimize injury risk. Finally, the number of peer-reviewed articles on changes in body composition and fitness 
changes and, especially in physical training during military operation is still limited. Thus, more deployment 
studies are warranted.

Data availability
This systematic review and meta-analysis has no original data to provide as they have been compiled from previ-
ously published journal articles. Most of the data have been reported within the main text and are available for 
copying for further analyses.
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