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ABSTRACT  

Respiratory illnesses are a leading cause of morbidity and medical discharge in the military. This study aimed 

to investigate the effects of baseline aerobic fitness on haematological, salivary and mood variables, and 

simultaneously, in a novel approach, to identify factors precipitating illness and attrition rate in recruits during 

military training.  

Thirty-five healthy male recruits from an Army Training Regiment undertaking 12 weeks of training were 

prospectively investigated. Their 2.4 km run time (RT) was used as a surrogate of baseline aerobic fitness. 

Saliva and venous blood samples were analysed for secretory IgA, full blood counts and cell cytokine 

production (interleukin (IL) 6 and IL-8), respectively. Each recruit completed questionnaires on mood profile, 

and gastrointestinal and upper respiratory tract symptoms (URTS).  

Significant salivary and haematological perturbations were observed and coincided with increased duration of 

URTS/week and mood disturbance over this military training period. From Start to End: leucocyte count 

decreased by 28% (p<0.001); neutrophil percentage (%) decreased by 13% (p<0.01); lymphocyte % increased 

by 17% (p<0.05); the neutrophil:lymphocyte ratio decreased by 22% (p<0.01); eosinophil% increased by 71% 

(p<0.01). From Start to Mid to End: monocyte% increased by 68% at Mid (p<0.01) but only by 30% at End 

(p<0.01); IL-6 increased by 39% at Mid (p<0.01) and a further 61% by End. The 2.4 km RT was significantly 

associated with URTS duration (p<0.01). In addition, a 1-min increase in 2.4 km RT increased a recruit’s risk 

9.8-fold of developing URTS lasting, on average, 3.36 days/week. In recruits ranked with high-URTS duration 

their RT was 48 s slower (p<0.01) than those with low-URTS, and their attrition rate reached 45%.  

The least fit recruits may have found training more physically demanding as reflected in the higher URTS 

duration, which may have led to a high attrition rate from the Army. It is worth considering that baseline 

aerobic fitness might be an important factor in illness development and attrition rate in recruits during this type 

of military training. 
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INTRODUCTION  

Both historically and currently, respiratory illnesses are a leading cause of morbidity and medical discharge in 

the military. The increased incidence of infectious disease, illness and particularly upper respiratory tract illness 

in military personnel during operations and training is well documented.
1–9

 Military training may include 

strenuous and prolonged physical exercise, psychological stress, sleep deprivation, insufficient energy intake 

and recovery times. The synergism of these stressors combined with close contact and exposure to challenging 

environments may impair immune function, leading to increased illness, disease epidemics, medical discharge 

and subsequent attrition.
1–8

  

 

In 1951 Sartwell
9
 suggested that recruits may be more susceptible to illness compared with ‘seasoned’ 

personnel. Subsequent studies have identified an increased incidence of upper respiratory tract illness, 

haematological and endocrinological changes in military personnel during training, and increased dropout 

rates.
1 2 4 –7 

However, there is little consistency between studies on military personnel and trainees. 

Discrepancies include duration and intensity of training, biochemical methods, baseline fitness levels, 

psychological state, subject variability and diet. Identifying precipitating factors involved in the large 

intraindividual and/or interindividual variability of susceptibility to infection and of the immune response to 

physical training
10 11 

might help to minimise attrition rates and promote successful military training.  

 

Strenuous, prolonged exercise is linked with changes in plasma volume,
12

 cell numbers and function, including 

transient immunodepression, as well as transient changes in plasma cytokine concentrations such as 

interleukins 6 and 8 (IL-6 and IL-8).
13 14

 A high incidence of upper respiratory tract illness has also been 

reported after endurance events such as marathons,
15–18

 but Spence et al19 observed that only a third of athletes 

displaying respiratory symptoms had an illness of pathogenic origin. Other pathophysiological mechanisms to 

be considered include exercise-induced hyperpnoea possibly leading to airway dehydration injury,
20

 subsequent 

airway inflammation,
21 22

 allergy,
18

 psychological impacts of exertion on immunity,
23

 limitations of pathogen 

detection techniques or as yet unknown pathogens.
20

  

 

After strenuous exercise, IgA decreases in both blood and oronasal mucosa
10 24 25

 and low secretory IgA (sIgA) 

in saliva is associated with increased upper respiratory tract illness.
11 26

 In football players during training, the 

illnesses reported were consistently preceded by decreased sIgA which coincided with increased training load.
27 

28
 Interestingly, 82% of the illnesses reported were associated with a preceding decrease in sIgA.

27
 In contrast, 

no such associations were observed during basic military training.
29

 Saliva flow rate (Salfr) and sIgA are 

inversely correlated
30

 which may partly explain observed discrepancies in the association between sIgA and 

infections.  
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Finally, mood disturbance is associated with increases in training load, haematological and biochemical 

changes, insufficient recovery, fatigue, illness, depression and underperformance in athletes
23 31 32 

and 

soldiers.
33

 A higher level of mental toughness in combat controller trainees with high aerobic and anaerobic 

fitness has been reported.
34

  

 

Military personnel involved in training or operations routinely experience sleep and eating pattern disruptions, 

and extreme stress,
7
 compared with athletes who are often well rested, receive sport-specific diets and 

psychological support. In training and combat simulations, military personnel also suffer injuries and abrasions 

which may contribute to increased illness and infections. The aims of this study were therefore to investigate 

the effects of baseline aerobic fitness on haematological, salivary and mood variables, and simultaneously to 

identify factors precipitating illness and attrition rate for the first time, in recruits during military training. 

 

METHODS  

Participants  

Thirty-five healthy male army recruits from two separate cohorts at an Army Training Regiment (ATR) gave 

written, informed consent to participate in this investigation. Ethical permission was obtained from the 

University of Oxford. Inclusion criteria were male recruits aged >18 years with no previous medical disorders, 

as confirmed by military doctors. Participants were familiarised with all test procedures before monitoring 

sessions. 

 

Experimental design  

Three monitoring sessions were conducted during a 12-week training programme of the Common Military 

Syllabus for Recruits
35

 on induction day of Week 1 (Start), in Week 6 (Mid) and at the end of training Week 12. 

Participants were asked to refrain from intense physical activity, dietary supplements or medications for 24 h 

before early morning testing; they were also asked to avoid sex, tobacco, alcohol and caffeine for 12 h before, 

and not to eat or drink (except water) for 8 h before early morning testing. Drinking water, chewing gum or 

mints and teeth brushing were prohibited for 30 min before testing.
36

 Participants were requested, if possible, to 

maintain normal sleep patterns and dietary regimens on the day preceding testing. Unstimulated saliva 

collections were timed for sIgA analysis. Venous blood samples were taken at the same monitoring session, 

seated, and drawn into EDTAvacutainers using venestasis. Plasma was extracted by centrifugation; both, saliva 

and plasma were stored at −70°C immediately after collection. All measurements were taken at the same time 

of day (±1 h). Participants also completed questionnaires. 

 

Incidence of illness and attrition rate  
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Recruits were asked to report the occurrence and duration of upper respiratory tract symptoms (URTS) which 

included cold, cough, sore throat, nasal symptoms (congestion and/or discharge) and influenza-like illness, 

gastrointestinal symptoms (GIS) of vomiting, diarrhoea or abdominal pain, each week, including the week 

preceding Start (Week 0). The rate of attrition (N/12 weeks) in this study was defined as those who were 

subsequently back-squadded and/or discharged from the Army by the end of the study, as provided from the 

ATR’s official records. 

 

Profile of mood states  

Mood was assessed preceding venepuncture, via a modified profile of mood states (POMS) questionnaire
37

 

measuring Tension, Fatigue, Vigour, Depression, Anger, Happiness and Calmness, rated on a 5-point response 

scale from 0 (‘not at all’) to 4 (‘extremely’). Scores were calculated by adding up responses for each mood state 

(three questions per mood) to score out of 
12

. 

 

Physical skills assessment  

The representative military task (RMT) assessed physical skills of a 2.4 km run time (RT), number of sit-ups in 

2 min and carrying loads of 40–45 kg for 90–120 m, respectively. The RMT was performed at Weeks 1, 7 and 

end of Week 11. Time taken to complete the 2.4 km run at Start, using maximal effort, was used here as a 

surrogate measure of baseline aerobic fitness.
38

 A significant association (p<0.01) between 2.4 km RT and 

%_VO2 max during Week 1 of military training for recruits was reported previously.
35

 The change in recruits’ 

aerobic fitness was assessed by difference in RT between Weeks 1 and 11. 

 

Physical training programme  

Physical training programme data were obtained from the cohort training instructor and the training syllabus 

that applied at the time. Training volume was expressed as duration (hours/ week). Training lesson intensities 

were estimated and rated by the training instructor from very light (1) to very hard (5) based on the standard 

classification system of physical activity intensity.
39

 Logistical difficulties precluded the measurement of heart 

rate and/or session rate of perceived exertion (sRPE) to quantify training load on a daily basis.
40 

 Collectively, all physical training duration ranged from approximately 3.6–24.8 h/week excluding time spent 

transiting around the camp (90 min). Intensity ranged from very light (1) to very hard (5) between and within 

training sessions. Generally, each day consisted of two to three different physical training sessions (Figure 1). 

Recruits were physically active for 12 h/day including domestic cleaning, and cleaning helmets, boots, 

weapons, etc. 

 

Assays Blood samples  
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Venous blood samples were measured for full blood count (FBC), and in vitro cell production of IL-6 and IL-8. 

FBC was determined with a Coulter counter. 

 

Cytokines  

In vitro whole blood cytokine production assay was performed with the mitogenic stimulant concanavalin A.
41

 

Supernatant cytokine levels were measured via high sensitivity ELISA (R&D Systems, UK). 

 

Secretory IgA  

sIgA was measured using an indirect enzyme immunoassay kit (Salimetrics). sIgA secretion rate (sIgAsr), or 

total amount of sIgA appearing on the oral surface/unit time, was calculated as the product of absolute sIgA 

concentration (mg/mL) and Salfr (mL/min). 

 

Statistical analyses  

Statistical analyses were performed using SPSS V.19.0. Values are reported as means±SEM with statistical 

significance set at p<0.05. Three different statistical approaches were used to analyse the data of this study:  

1. The 32 recruits were ranked for fitness into three tertiles (Fast/Medium/Slow-RTs (F/M/S-RTs)) based on 

their 2.4 km RT at Start (Table 1). One-factor univariate analyses of variances (ANOVAs) examined the effect 

of RT on mean number of days with URTS per week during military training and the effect of RT on the 

difference between Start and Mid on the independent variables of FBC, cell cytokine production (IL-6, IL-8), 

salivary (sIgA) and mood states.  

2. To further investigate RT and URTS, recruits were categorised into two groups (high-URTS and low-URTS) 

based on days/week with URTS. The high-URTS group included recruits in the highest tertile of URTS (N=11, 

range, mean SEM, 2.08–6.00, 3.36±0.38 days/week, respectively); the low-URTS group included those in the 

two lowest tertiles (N=21, range, mean SEM, 0.00–2.00, 0.79±1.59 days/ week, respectively). Logistic 

regression analysis was performed.  

3. Data of all independent variables including illness (URTS, GIS) were analysed using a one-way ANOVA 

with three within-participant factors (time: Start, Mid, End of training). POMS was analysed with multivariate 

ANOVA. Post hoc multiple comparisons identified the location of pairwise significant differences between 

training phases (Start, Mid, End) corrected using the Bonferroni adjustment. Mauchly’s sphericity test was used 

to assess homogeneity of variance for all above analyses. Violations of the sphericity assumption were 

corrected using Greenhouse-Geisser. 

 

RESULTS 

The anthropometric characteristics of the recruits are summarised in Table 2. Out of the initial cohort of 35 

recruits, 32 provided data on all independent variables at Start and Mid, and 17 at Start, Mid and End. Nine 



 

6 

recruits reported sick culminating in them being back-squadded (ie, restarting training from Week 1); nine 

others dropped out of the study for personal reasons. 

 

Training volume, intensity and running performance  

Mean volume and intensity over 12 weeks were 9.8±6.5 h/week and 3.5±0.3 respectively. Training volume 

increased considerably from Start by 2.1-fold at Week 2 and 6.9-fold at Week 3 followed by a decrease 

reaching similar levels as Week 2 which remained at similar levels up to Week 6 (Figure 2). At Week 1, RT 

ranged from 8.7–11.3 min, improving to 7.9–11.3 min at Week 11, representing an increase in aerobic fitness of 

6.2% (p<0.05) in the 17 recruits who successfully completed 12 weeks of military training. 

 

Haematological parameters  

The main training effect on most of the haematological parameters was statistically significant, except for 

platelets and eosinophils (Figure 2). Red blood cell count (RBC), haematocrit (Hct), haemoglobin concentration 

(Hb) and mean cell haemoglobin concentration (MCHC) were significantly decreased from Start at Mid and 

End whereas mean cell volume (MCV) significantly increased at Mid and End (Figure 2).  

From Start to End: WBC count decreased by 28% (p<0.001); neutrophil (%neu) decreased by 13% (p<0.01); 

lymphocyte (%lym) increased by 17% (p<0.05); the neutrophil:lymphocyte ratio decreased by 22% (p<0.01); 

eosinophils (%eos) increased by 71% (p<0.01).  

From Start to Mid to End: (%neu) and (%lym) decreased by 6% (NS), then %neu by a further 8% (p<0.01); 

monocytes increased by 68% at Mid (p<0.01) but only by 30% at End (p<0.01). 
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The coefficient of variation (CV) between duplicate samples was <10% for IL-6, IL-8. IL-6 and IL-8 

production increased from Start by 39% (p<0.001) and 7% (NS), respectively, at Mid, with a further increase of 

15% and 45% at End (p<0.05, Figure 3). 

 

sIgA concentration, sIgA secretion rate and saliva flow rate  

The CV between duplicate samples was <8%. sIgA increased from Start by 55% at Mid, whereas at End it decreased by 

14% (NS). sIgAsr decreased from Start by 14% at Mid and by 16% at End (NS). Despite high interindividual variability, 

the training effect on sIgA and saliva flow rate (Salfr) was significant (p<0.05, Figure 3). 

 

Profile of mood states  

There was no training effect on overall mood but only on Fatigue and Anger; both increased significantly from Start at 

Mid (Fatigue, p<0.01; Anger, p<0.02), whereas at End only the increase in Fatigue was significant (p<0.02). Vigour and 

Happiness decreased (NS) at End of training compared with Start (Figure 4). 

 

Incidence of illness  

The number of recruits completing questionnaires varied each week (Figure 4). The self-reported incidence of illness in 

recruits was 23% (URTS) and 0% (GIS) at Week 0. From Weeks 4–6, 65% reported URTS; 8% reported GIS (Figure 

4A). URTS duration at Mid was increased >fourfold (p<0.05) compared with Week 0. The duration of GIS duration 

increased from zero days to approximately half a day/week at Mid (NS) compared with Week 0 (Figure 4B). 

 

RT association with URTS duration, attrition rate, and haematological, salivary and mood variables  

There was a significant inverse association with RTs and URTS duration (F=6.535, p<0.01 Figure 5), and significantly 

higher URTS duration (2.8±0.5 days/week) in the Slow-RT group compared with both Medium-RT (1.31±0.39 

days/week, p<0.05) and High-RT groups (0.79±0.29 days/week, p<0.01).  

 

A 1 min increase in 2.4 km RT increased a recruit’s risk 9.8-fold of developing URTS lasting, on average, 3.36 days/ 

week. The mean 2.4 km RT of the recruits categorised in the high-URTS (based on days/week of URTS) was 10.7±0.58 

min which was significantly slower (p<0.01) than that of the low-URTS group (9.9±0.60 min). These high-URTS recruits 

experienced respiratory symptoms for significantly longer than those categorised as low-URTS, and their attrition rate 

reached 45%: they were back-squadded.  

 

The difference of independent variables between Start and Mid between the RT groups was not significant. However, in 

response to training, RBC, Hct, Hb and WBC were reduced from Start to Mid on average by 60% (NS) more in Slow-RT 

versus Fast-RT groups. Negative and positive mood state scores at Start were respectively higher by 58% and lower by 

10% in the Slow-RT group compared with the Fast-RT group, and were even higher (133%) and lower (26%), 

respectively, at Mid in Slow-RT versus Fast-RT. 
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DISCUSSION  

The present study aimed to identify factors associated with illness development and attrition rates during military training. 

The physical and psychological demands of a 12-week military training programme in army recruits resulted in 

haematological, salivary and cell cytokine production changes that coincided with increased incidence and duration of 

URTS, GIS, mood disturbance and military attrition rates, especially in the least fit recruits (Slow-RT).  

 

The depression in cell numbers observed cannot be attributed to training-induced haemodilution12 because MCHC also 

decreased, which is unaffected by haemodilution.
42

 The respective significant decrease and increase seen in RBC, MCHC 

and MCV might suggest footstrike haemolysis as previously reported in rigorous military training.
43

 

 

Training volume, intensity and RT  

The recruits’ RT decreased significantly by Week 11 which suggests a significant improvement in aerobic fitness.
35

 

Training volume, intensity and physical strain all increased considerably and intermittently throughout the 12 weeks; the 

increase in training volume during the first 6 weeks of training was concomitant with an increase in URTS duration 

(Figure 4) and other significant haematological perturbations such as decreased RBC, HCT and MCHC and increased 

MCV, monocytes and eosinophils and mood disturbance. This suggests that the increase seen in the training load might 

not have been sufficient to allow for a progression of cardiovascular strain and recovery which supports previous findings, 

from the same military base,
35

 that showed that the training load did not increase progressively to allow for sufficient 

cardiovascular progression. In the present study logistical difficulties precluded measurement of heart rate and/or sRPE to 

quantify training load on a daily basis.
40

 

 

Neutrophils and lymphocytes 

The decrease in neutrophil and lymphocyte percentages seen at the midpoint of training suggests exercise-induced 

depression of innate and adaptive immunity, and that training volume might have depressed specific aspects/functions of 

immunity. A reduction in circulating neutrophils and lymphocytes leaves the host more susceptible to viral, bacterial and 

fungal infections.
44

 Furthermore the significantly higher duration of URTS at Mid concomitant with neutrophil and 

lymphocyte reduction appears to support this association. The importance of metabolism and its effects on exercise-

induced immunodepression in lymphocytes is discussed in Newsholme and Leech.
45

 

 

Monocytes and eosinophils  

The respective significant increase (68%) and (30%) in monocytes seen at Mid and End, respectively, of training supports 

previous military training findings44 and suggests a monocyte activation which would counteract the concurrent decrease 

in neutrophils observed in this study, and possibly due to exercise-induced inflammation along with the significant 

increased duration of URTS seen at Mid.
44 46

 The increase in eosinophils (80%) and monocytes(68%) seen at Mid 

coincided with the increase in URTS duration and in vitro IL-6 and IL-8 production. IL-8 in the respiratory tract might 

conceivably activate eosinophils, thus participating in local immune modulation via degranulation. Eosinophil activation 

is important in upper and lower respiratory inflammation,
47

 and IL-8 is important for eosinophil attraction and function.48 
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Exercise-induced recruitment and degranulation of eosinophils and basophils to the respiratory tract due to airway 

inflammation might explain the exercise-induced URTS increase seen in this study and others. 

Another pathophysiological mechanism to consider includes allergies.
18 21

 

 

In vitro IL-6 and IL-8 production  

In vitro production of IL-8 was significantly increased at End, and IL-6 was enhanced significantly at Mid and End of 

training. These changes indicated a stimulated immune function, despite the significant increase in duration of URTS at 

Mid. Baum et al
49

 also showed that 12 weeks of moderate endurance training increased in vitro IL-1 and IL-6 production 

after stimulation. However, impaired cell function after prolonged exercise may compromise cytokine production.
50

  

 

The WBC and neutrophil counts of seven recruits in whom in vitro IL-8 production decreased at Mid (p=0.083 and 

p=0.051, respectively) appeared lower than other recruits; furthermore, their URTS duration was 1.5-fold higher at Mid 

than the other recruits.  

 

IL-8 is a major neutrophil chemoattractant and such results reflect an impaired chemotactic response, possibly hampering 

the ability of immune cells to mount a defence,
13

 leading in turn to increased susceptibility to opportunistic infections. In 

this subset of recruits, it is tempting to speculate that the neutrophils might have already been stimulated due to in vivo 

infections and were thus simply unable to respond further to added stimulation. Prasad et al
51

 reported that, after exposure 

to bacterial stimulation, neutrophil response to further stimulation is decreased. 

 

sIgA concentration, sIgA secretion rate and saliva flow rate  

The lowest values of sIgAsr and Salfr combined were recorded at Mid, when URTS and GIS duration was highest; this 

supports that decreased sIgA might be a risk factor for upper respiratory infections
52

 and the role of saliva in maintaining 

respiratory, gastrointestinal, oral and systemic health.
53 54

 Salfr decreased markedly at Mid, suggesting dehydration.
55

 

Indeed, airway dehydration injury caused by hyperpnoea during exercise
20

 could lead to airway inflammation
21

 and 

URTS.  

 

The increased sIgA at Mid may be attributable to the decreased Salfr also observed at Mid as a result of hypohydration,
30 

55
 increased occurrence and duration of URTS,

56
 increased mood disturbance

57
 as reflected in the POMS score, or a 

synergism of all three.  

 

Previous studies have shown sIgA to decrease with exercise training over 12 weeks in swimmers
58

 and military recruits
29

 

while others found no change in sIgA in elite swimmers during a competitive season
26

 and military recruits during 

training.
5
 The inconsistent sIgA response to physical training among studies can be explained by high interindividual and 

intraindividual variability consistently reported.
10 11 52

 Future studies should consider infection onset and expressing sIgA 

data as secretion rate and/or IgA:osmolality ratio. 
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Profile of mood states  

Military training affected the overall mood of recruits negatively, indicating increased mood disturbance. Most negative 

mood states (Anger, Depression and Fatigue) increased during training and Vigour and Happiness decreased at End 

compared with Start; similar mood changes have been observed in athletes undertaking increased training loads.
31 32

 In 

this study there was an abrupt increase in training volume between Weeks 1 and 
2–5

, coinciding with increased URTS. 

Changed social structure and environment, personal or emotional problems and fear of failure may have also contributed 

to this increase in mood disturbance.
59 60

 

 

RT association with URTS duration, attrition rate, haematological, salivary and mood variables  

The significant association between RT and mean duration of URTS/week suggested that baseline aerobic fitness plays an 

important role in military training. Although all recruits studied performed similar amounts of physical activity, the fittest 

recruits probably worked at lower aerobic physical intensities, while the least fit recruits worked harder which supports 

previous research.35 The least fit recruits might have had an increased likelihood of developing illnesses which could 

have led to recruits experiencing delays in training and possibly increasing attrition rate. Previously it was shown that a 

slow 3-mile RT has been associated with increased injury risk in military training.38 Furthermore, the recruits categorised 

in the high-URTS group were 48 s slower (p<0.01) in the 2.4 km run compared with the low-URTS group, and their 

attrition rate reached 45%.  

 

The Fast-RT recruits’ POMS resembled those of the ‘Iceberg Profile’, where successful athletes have lower negative 

mood states, higher vigour and fitness compared with unsuccessful peers.34 59 In the present study, the Slow-RT group 

had significantly higher duration of URTS than the Fast-RT group, suggesting that higher stress levels increase the 

likelihood of illness development.23 These results suggest that using POMS to monitor physical and psychological 

stressors during military training is promising and might assist with predicting predisposition to illness and attrition rate 

and refining selection criteria.34 This is the first study to have investigated the effects of baseline aerobic fitness on 

haematological, salivary and mood variables, and to have identified factors associated with illness and attrition rate during 

military training. Furthermore, it suggests that baseline aerobic fitness might be important in successful longterm military 

training.  

 

A clear and consistent trend in most independent variables was observed between the Fast-RT and Slow-RT groups. The 

least fit recruits generally had a larger reduction from Start to Mid in most haematological and salivary variables 

compared with the fittest recruits. Markers associated with illness development, either previously reported or within this 

study, do not guarantee whether a person will stay healthy or develop illness. This reinforces the multifactorial nature of 

immunity and the high interindividual and intraindividual variability of response to exercise. The small sample size tends 

to limit generalisations for military recruits, however, a paucity of research has examined these variables in military 

personnel and trainees while undertaking training. Additional research, with a larger sample of military recruits and an 

appropriate control group (eg, consisting of civilian personnel at the same base, but not undertaking military training) is 

recommended to further substantiate the findings of this study. 
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Future research should focus on quantifying the training load, recovery and sleep,61 preferably on a daily basis, 

measuring the recruit’s overall fitness, immune and respiratory function, illness and its aetiology. It would also be of 

interest to train some of the least fit recruits separately to a baseline fitness level before starting the training programme. 

Recruits trained in this way might help to determine whether or not physiological adaptations could potentially have a 

beneficial effect of reducing the likelihood of the incidence of URTS development. 

 

CONCLUSIONS  

In this study, the physical and psychological demands of a 12-week military training programme resulted in several 

haematological, salivary and cytokine alterations together with increased occurrence and duration of URTS, GIS, mood 

disturbance and military attrition rates. The least fit recruits may have found training more physically demanding as 

reflected in higher URTS duration, which may have led to a high attrition rate from the Army. It is worth considering that 

baseline aerobic fitness might be an important factor in illness development and attrition rate in recruits during this 

military training. 

 

Key Messages 

 Military training resulted in several salivary, haematological and cell cytokine production 

perturbations.  

 The 2.4 km run time (RT) was significantly associated with upper respiratory tract symptoms 

(URTS) duration.  

 A 1 min increase in 2.4 km RT increased a recruit’s risk 9.8-fold of developing URTS lasting, on 

average, 3.36 days/week.  

  In recruits ranked as high-URTS RTs were 48 s slower than in the low-URTS group, and their 

attrition rate reached 45%.  

 It is worth considering that baseline aerobic fitness might be an important factor in illness 

development and attrition rate in recruits during this military training. 
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Figure 1. Volume and intensity of physical training lessons during 12-week military training. Values on top of 

columns signify the average weekly training intensity according to classification system of physical activity 

intensity. RMT, representative military task.  
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Figure 2  Selected haematological parameters during 12-week military training (mean±SEM). Erythrocyte count 

(red blood cell, RBC) and haematocrit (Hct), (A); haemoglobin concentration (Hb) and mean cell haemoglobin 

concentration (MCHC) (B); Leucocyte count and neutrophil/ lymphocyte ratio (C); neutrophils (neu%) and 

lympocytes (lym%) (D); Percentage of monocytes, basophils, eosinophils (E); Platelet count (F). Within-group 

differences (repeated measures): significant differences between Start and Mid, Start and End are indicated by 

*p<0.05, ** p<0.01, ***p<0.001; between Mid and End by †p<0.05, ††p<0.01, †††p<0.001. 
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Figure 3 Selected plasma and saliva parameters during 12-week military training (mean±SEM). IL-6 and IL-8 

production (A), secretory IgA (sIgA) and sIgA secretion rate (sIgAsr), (B) Within-group differences (repeated 

measures): significant differences between Start and Mid, Start and End are indicated by *p<0.05, **p<0.01, 

***p<0.001. Significant differences between Mid and End are indicated by †p<0.05, ††p<0.01, †††p<0.001. 
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Figure 4  Occurrence and duration of illness and profile of mood states (POMS) during 12-week military training 

(mean±SEM). Upper respiratory tract symptom and gastrointestinal symptoms: percentage of occurrence in 

recruits (A); duration (B); mood states: negative (C), positive (D). Data for A and B were obtained from recruits 

present in all monitoring sessions; 13 matched responses were used for repeat measures of analyses of variance. 

Error bars are omitted from C and D for clarity. Anger: Start versus Mid p<0.02, Fatigue: Start versus Mid 

p<0.01, Start versus End p<0.02. 
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Figure 5 Number of days with upper respiratory tract symptom (URTS)/week in Fast, Medium and 

Slow-run time (RT) groups. Between-group differences: (analyses of variance): Significance between 

Slow-RT and Medium-RT, and Slow-RT and Fast-RT groups indicated by *p<0.05, *††p<0.01, 

respectively. 
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Table 1:  Fast Medium and Slow run time group categorised based on 2.4km run time (min) recorded at 

wk-1     

 

 

 

Groups 

 

N Mean     SEM 
 

Min       Max 

Fast-Run Time (min) 

Lowest Tertile 

10 9.5        +0.1 
 

8.7          9.7 

Medium-Run Time(min) 
Medium Tertile 

11 10.1      +0.07 9.8         10.4 

 

Slow-Run Time (min) 
Highest Tertile 

11 10.9      +0.14 10.5         12.0 
 

 

 


