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Abstract

This thesis investigates the epidemiology of lifestyle behaviours and training injuries
among British Army infantry recruits. In Study 1, the Military Pre-training Questionnaire
(MPQ) was developed to assess multiple risk factors for injury (smoking; alcohol
consumption; physical activity; diet; and injury history). Its feasibility and test-retest
reliability was demonstrated in a representative sample (n = 58) with no evidence of
systematic bias between administrations. The MPQ was subsequently completed by a
large cohort of infantry recruits before commencing initial training (n = 1,960). This
enabled its validity to be assessed in Study 2, which revealed that a simple, single-item
measure of pre-training physical activity was a strong predictor of initial physical fitness
levels and likely training outcomes. In Study 3, cross-sectional analyses of MPQ
responses enabled the prevalence, co-occurrence and clustering of unhealthy lifestyle
behaviours to be assessed. Although physically active, the majority of recruits entering
infantry training smoked, drank hazardously and had low fruit and vegetable
consumption. Six percent of recruits reported no unhealthy lifestyle behaviours, 20%
reported one, 35% reported two, 31% reported three and 8% reported all four. Paired
combinations of unhealthy behaviours were strongly associated, particularly
smoking/drinking, smoking/inactivity and diet/inactivity. Finally, in Study 4, a high
incidence of overuse injuries in infantry recruits was observed using a prospective
study design. Recruits with lower pre-training fitness levels, low body mass and past
injuries were exposed to a higher risk of sustaining a training injury, while there was no
evidence to suggest that engaging in unhealthy lifestyle behaviours increased injury
risk. Collectively, the four studies have enabled, for the first time, a comprehensive
analysis of lifestyle behaviours and training injuries among British Army infantry
recruits. The findings have important implications for military health improvement and
injury prevention strategies.
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Introduction

Transforming civilians into soldiers is a challenging endeavour. A period of intense
training is required to ensure that recruits can meet the physical, mental and technical
demands of military life. Not all recruits who commence initial training achieve
completion. A major threat to success is musculoskeletal injury, an unfortunate
unintended consequence of the necessarily high physical demands of training. Injuries
can result in lost training time, reduced performance and, in the most severe cases,
permanent medical discharge (Blacker et al, 2008). In an era of limited resources, such
morbidity is damaging to military organisations, both financially and operationally.

In the British Army, the Headquarters Army Recruiting and Training Division (ARTD)
are tasked with the responsibility of delivering “the required number of appropriately
trained and motivated officers and soldiers in order to meet the operational
requirements of the Army and Defence.” Infantry recruits perform one of the most
arduous training courses in the UK Armed Forces. First-time pass rates are lower, and
medical discharge rates higher, than any other British Army initial training course
(Carter et al, 2006; Blacker et al, 2008). ARTD has identified the systematic
investigation of training injuries at the Infantry Training Centre as a research priority for
reducing training attrition and improving military efficiency. Surveillance and risk factor
identification are crucial first steps in the overall injury prevention process, providing the
intelligence necessary for quantifying the size of the problem, monitoring trends, and
targeting and evaluating interventions (Jones et al, 2010a). This is the focus of the
work presented in the current thesis, which was commissioned and funded by ARTD.

A particular emphasis of the thesis is on lifestyle behaviours. Unhealthy lifestyle
behaviours can have adverse effects on the health, wellbeing and performance of
military personnel (Department of Defense, 2013). Yet, knowledge of the lifestyle
behaviours of military recruits in the UK Armed Forces is extremely limited and the
extent to which they influence injury risk is under-researched. A detailed understanding
of the prevalence of unhealthy behaviours is therefore important for informing military
policies and interventions related to both health improvement and injury control.
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1.1

Research questions and aims

The overall research question for this thesis was:
 What is the epidemiology of lifestyle behaviours and training injuries in British
Army infantry recruits?

The specific aims of the thesis were:
 To develop a questionnaire that offers a brief, inexpensive and evidenceinformed method to assess multiple injury risk factors among military recruits
before they commence initial training.
 To assess the psychometric properties of the developed questionnaire by
analysing its test-retest reliability and validity.
 To estimate the prevalence, co-occurrence and clustering of potential lifestyle
risk factors for injury among British Army infantry recruits.
 To quantify the nature and scale of injuries among British Army infantry recruits.
 To prospectively examine potential sociodemographic, anthropometric, lifestyle
and fitness characteristics that might increase the risk of injury among British
Army infantry recruits during initial training.

1.2

Overview of the thesis

The original research presented in this thesis is contextualised in Chapter 2. The
chapter begins by describing the systematic approach adopted for the literature review
process. An overview of the literature most pertinent to the study of lifestyle behaviours
and training injuries in military populations is then provided. Gaps in the current
knowledge base are identified, thus enabling the need for the current work to be
justified. The chapter concludes by reflecting on the strengths and limitations of the
literature review process.
Chapter 3 describes the key methodological concepts and considerations that
underpin the individual research studies. The process of developing a Military Pretraining Questionnaire (MPQ) – a self-report questionnaire to measure lifestyle
behaviours and other potential injury risk factors among British Army infantry recruits –
is first explained. The procedures used to collect other important study data are then
2

described. Finally, a description of the management of collected data is provided,
followed by detailed information on the main methods of statistical analysis.

An initial evaluation of the psychometric properties of the items and scales incorporated
in the MPQ is the focus of Chapter 4. The feasibility and test-retest reliability of the
MPQ is assessed in a representative sample of recruits. Measures of both relative and
absolute reliability, as well as internal consistency, are used to ensure
comprehensiveness.
Chapter 5 complements the reliability study by testing the validity of two self-reported
physical activity questions in the MPQ. Multiple objective measures of physical fitness
are used to compare the criterion and predictive validity of both questions, while
convergent and construct validity are also assessed.

As objective outcome measures were only available for indicators pertaining to physical
activity, the indirect validity of other MPQ domains were explored as part of Chapter 6,
which describes the prevalence of individual and multiple unhealthy lifestyle behaviours
among infantry recruits. Sociodemographic characteristics associated with the cooccurrence of unhealthy lifestyle behaviours are also examined.

Chapter 7 is the final study chapter in the programme of research and investigates the
epidemiology of training injuries in British Army infantry recruits. Initially, the scale and
nature of musculoskeletal injuries sustained by recruits during infantry training are
quantified. Potential injury risk factors are then explored, including lifestyle behaviours
using data from the MPQ. Only data on lower back and lower limb injuries were
available.

Chapter 8 concludes the thesis by summarising the key findings from the individual
studies and interpreting what they collectively mean, with a view to facilitating the
translation of findings into military policy design and implementation. Strengths and
limitations of the overall methodological approach are reviewed, helping to delineate
implications for future research.

3

2

Literature review

2.1

Overview

The purpose of this chapter is to summarise the literature most pertinent to the
research area under investigation in this thesis. In doing so, it aims to provide a
justification for the research and a detailed context within which the original findings
presented in the study chapters can be interpreted. To achieve this aim, the chapter
starts by detailing the scope of the literature review and the specific review questions
that were sought to be answered. The approach taken to try to ensure an objective,
systematic and transparent approach to the overall review process is then briefly
explained. This provides the framework underpinning the primary focus of the chapter,
which is a narrative overview of the literature. The chapter concludes by reflecting on
the strength and limitations of the literature review process.

2.2

Literature review focus

Two distinct, but related, literature reviews are presented in this chapter. The first
review summarises the knowledge base on the epidemiology of lifestyle behaviours
among military personnel and, in particular, among military recruits. Notwithstanding
the challenge of study heterogeneity, it attempts to synthesise estimates of the
prevalence of lifestyle behaviours in military populations across four domains: alcohol;
smoking; physical activity; and diet. Factors found to be associated with unhealthy
lifestyle behaviours in military populations are also explored and an overview of the
potential individual and military consequences of engaging in such behaviours is
provided.

The second literature review provides a summary and critique of studies investigating
the scale and nature of injuries sustained during initial military training, with a particular
emphasis on their associated risk factors. Results from individual studies are
synthesised to provide an overall picture of the strength of evidence for the multiple risk
factors identified, including unhealthy lifestyle behaviours.

The research questions that guided this review were:

4



What is the prevalence of different lifestyle behaviours (alcohol consumption,
smoking, physical activity, and diet) among military populations, including
military recruits?



How does the prevalence of lifestyle behaviours among military populations
compare with the general population?



What factors are associated with unhealthy lifestyle behaviours in military
populations?



What are the consequences of military personnel engaging in unhealthy lifestyle
behaviours?



What is the nature and scale of injuries sustained during initial military training?



What factors are associated with an increased risk of injury during initial military
training?

2.3

Literature review process

2.3.1

Narrative synthesis

Traditional narrative literature reviews are often criticised on the grounds of being
prone to bias stemming from a lack of objectivity and transparency in the literature
search, review and synthesis strategy employed (Green et al, 2006; Popay et al, 2006).
In an attempt to ensure a systematic and transparent approach to the evidence
synthesis and review process in this thesis, guidance by the Economic and Social
Research Council (ESRC) on conducting a ‘narrative synthesis’ was consulted (Popay
et al, 2006). The ESRC define narrative synthesis as “an approach to the systematic
review and synthesis of findings from multiple studies that relies primarily on the use of
words and text to summarise and explain the findings of the synthesis” (Popay et al,
2006, p. 5). It is recognised as a more robust approach to evidence synthesis than a
traditional literature review because it involves adherence to standard guidance that
has been specifically developed to minimise the potential for bias. Indeed, it is now
recommended as a useful initial step as part of a full systematic review process (NHS
Centre for Reviews and Dissemination, 2001). The principles underpinning the
narrative synthesis approach were considered applicable to the literature reviews
carried out in the present thesis because they need not focus on research questions
pertaining to the effectiveness of a particular intervention (Popay et al, 2006). Rather,
they can be applied and used in reviews of the current state of knowledge on specific
topics such as, in the context of this thesis, a review of lifestyle behaviours and injury
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risk factors in military populations (Baumeister & Leary, 1997). It is therefore appealing
when the scientific evidence base consists mainly of observational studies, the findings
of which are particularly prone to bias and confounding (Egger et al, 2001).
Furthermore, the approach can be used to enhance the contextualisation and
interpretation of new research findings and can lead to improved value and credibility in
peer-reviewed journals (Green et al, 2006). This is the desired outcome for both of the
reviews presented in this thesis.

The main objectives of adopting a more structured approach to the literature review
process were:
• to develop a strategy for, and perform, a comprehensive literature search to identify
studies that provide evidence on lifestyle behaviours and injury risk factors among
military personnel (particularly military recruits).
• to screen all identified study citations for relevance to the scope of the review.
• to critically appraise included studies for study quality and to identify study strengths
and limitations.
• to extract, synthesise and summarise the findings from the identified studies.

2.3.2

Literature search strategy

A database search strategy was developed by the thesis author after receiving training
from a knowledge manager based at the author’s employing organisation (NHS Health
Scotland). An electronic search was performed of Ovid Medline and Embase
(accessed through the Knowledge Network (NHS Education for Scotland, 2014)) for
military investigations across six broad categories: alcohol; smoking; physical activity;
diet; health behaviours (general); and training injuries. Separate searches were
performed for specific aspects of the review. In addition, relevant grey literature was
identified through a structured internet search using the search engine ‘Google’ and by
contacting key researchers in the field. Full search strategies including the specific
Medical Subject Headings and unique terms used are presented in Appendix A.

2.3.3

Screening of identified studies

The results from each literature search were de-duplicated using RefWorks reference
management software (www.refworks.com). Articles identified by the initial database
searches were assessed for relevance by title and then by abstract. This included
review articles and primary studies. If available, full copies of potentially relevant
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articles identified were obtained for further skimming and screening. Studies that were
only available in abstract form were included if they provided sufficient evidence
regarding the research questions. The reference lists of included studies were
searched for other potentially relevant literature, which were also reviewed for
relevance.

The selection criteria employed to determine what studies to include in the review was
relatively broad in scope. Key inclusion criteria for all studies were that they were
specific to a military population, written in the English language, focused on military
populations in predominantly ‘white’ countries (Europe, US, Australia and New
Zealand), and published from 2000 onwards. This latter criterion was included in the
search strategy for diet, physical activity, health behaviours (general) and injuries. For
alcohol and smoking, which were the first searches executed, this criterion was applied
at the abstract review stage so does not appear in the literature search strategies
presented in Appendix A. Studies identified in reference lists that were published pre2000 were considered for inclusion, but only if they appeared particularly relevant to
the review focus. Although the sample population included in the present programme
of research was Army recruits, studies performed on both sexes in other military
services (e.g. Navy, Air Force) were considered. The only exception to this was the
review of training injuries: owing to the number of studies retrieved, only studies on
male military recruit populations were included. Studies with samples including only
ex-service personnel were excluded from all reviews. The other main exclusion criteria
included a lack of information of relevance to the review purpose, which was largely
subjectively assessed. Study identification flow charts are provided in Appendix B.

2.3.4

Critical appraisal

It has been suggested that a proper narrative overview should critically appraise each
study selected for inclusion using a validated critical appraisal tool (Green et al, 2006).
This is certainly a prerequisite of systematic reviews of the literature (NHS Centre for
Reviews and Dissemination, 2001). However, such a detailed approach is not
necessarily a requirement of narrative overviews (Green et al, 2006). The reviews
presented in this thesis straddle these two positions. Although a validated checklist was
not used to assess the quality of each study, aspects of study design and quality that
feature in different checklists were considered to inform the review process.
Specifically, the critical appraisal of studies was informed by key components of the
following commonly used epidemiological tools: Strengthening and Reporting of
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Observational Studies in Epidemiology (STROBE) (Vandenbroucke et al, 2007); and
Critical Appraisal Skill Programme checklists (CASP UK, 2014). Particular attention
was paid to study design, generalisability to the UK military context, methods of
measurement and potential sources of error, bias and confounding.

2.3.5

Data extraction, synthesis and summary

Key data from included studies were extracted into categorised tables, which varied by
search topic, but always included: study reference; sample size and characteristics;
study design; measures; main findings; and additional comments (strengths, limitations
etc.). These tables were then used to qualitatively and, where possible, quantitatively
summarise the findings in concise, narrative overviews. While data were extracted from
all included studies, the narrative overview gives prominence to those studies that were
most pertinent to the review questions and overall context of the thesis. The data
extraction tables are provided in Appendix C.

2.4

A review of the epidemiology of lifestyle behaviours in the military

2.4.1

Introduction

Engaging in unhealthy lifestyle behaviours has a detrimental effect on health and
wellbeing, increasing the risk of premature mortality (Khaw et al, 2008). The World
Health Organization estimate that smoking, excessive alcohol consumption, low levels
of physical activity and poor diet are the key proximal risk factors for the majority of
non-communicable diseases in a population (World Health Organization, 2014a). In the
UK, Murray et al (2013) calculated that these four modifiable behaviours accounted for
over a quarter (28%) of all disability-adjusted life-years lost in 2010, mostly attributable
to cancer and diseases of the cardiovascular system.

In recognition of the growing importance of lifestyle behaviours on the population
disease burden, large nationally representative population surveys have been
established and routinely administered in the UK (National Centre for Social Research,
2012; Office for National Statistics, 2013; Scottish Government, 2014). These surveys
provide an important epidemiological function, enabling the prevalence and patterns of
unhealthy behaviours to be better understood and monitored over time. Such public
health intelligence is central to policy formulation and evaluation. However, it is well
recognised that particular population subgroups are underrepresented in self-report
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surveys (Gray et al, 2013). This includes military personnel, partly because they are
predominantly young men of lower socioeconomic status, characteristics typical of
those least likely to respond to surveys (Hotopf et al, 2006), but also because military
bases are not included in the sampling frame and deployed personnel are not at home
to participate. Thus, despite the impact of unhealthy lifestyles among the military
population being recognised as a threat to operational capability (Bray et al, 2009),
there are no routine surveillance systems for providing the information needed for the
UK Armed Forces to identify problem areas requiring intervention and to enable robust
evaluation.

In the US, the Department of Defense initiated a series of repeat cross-sectional
surveys in 1980 named the Survey of Health Related Behaviors Among Active Duty
Military Personnel (or HRB survey). As the title suggests, this long-running survey aims
to improve understanding of the nature, aetiology, and consequences of unhealthy
behaviours in a nationally representative sample of US service members (Department
of Defense, 2013), collecting a wealth of useful data every 3-4 years. These data have
provided the basis for a multitude of research studies (see Appendix C) and have been
analysed and interpreted to inform military policy recommendations (Department of
Defense, 2013). One group of military personnel not sampled in the HRB, however, are
prospective military personnel i.e. military recruits.

The paucity of routinely available intelligence on the prevalence of, and risk factors for,
lifestyle behaviours among military recruits in the UK and US is also evident in other
countries. This is surprising because, as Ames et al (2002) highlight, knowledge of
patterns of unhealthy lifestyle behaviours established before military service can help to
design better health improvement programmes. In an era of challenging economic
circumstances and defence budgets cuts (UK Ministry of Defence, 2014), the UK
military can ill-afford any negative consequences resulting from lifestyle behaviours that
are modifiable. As such, it is important that those at greatest risk of health problems are
identified to make recruit training and, in turn, military performance, as efficient as
possible.

In this narrative review, an attempt is made to provide a contemporary summary of the
epidemiology of lifestyle behaviours in military populations, with a particular emphasis
on recruits where the scientific evidence exists. It draws on international research
studies and grey literature that have reported information on alcohol consumption,
tobacco smoking, physical activity levels or dietary habits in a military setting.
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2.4.2

Alcohol consumption in the military
“Alcohol has been a part of military life since well before the
formation of the units that now make up the British Army.”
British Army (2012 p. 3)

The use and misuse of alcohol is entrenched in military culture. Alcohol is commonly
accepted as an appropriate aid to positively affect morale and foster unit bonding and
comradeship (Browne et al, 2008; Jones & Fear, 2011). In addition, alcohol is often
used by service personnel in response to the stress associated with military activities
including anticipation of, or recovery from, combat deployment (Ames et al, 2007;
Australian Government Department of Defence, 2011). While excessive alcohol
consumption is discouraged (British Army, 2014), and policies such as spirit rations for
service personnel (Jones & Fear, 2011) would be deemed inconceivable in the present
day, alcohol remains a commodity with an integral role in military life.
Prevalence of excessive alcohol consumption in military populations
As with all health behaviours, valid measurement of an individual’s level of alcohol
consumption is difficult. A range of measures, almost exclusively self-reported, are
available to estimate a range of indicators related to alcohol consumption. Furthermore,
definitions of indicators are often inconsistent and slight tweaks to the wording of
validated measures are common in studies as they attempt to make the measure more
context specific. All of these factors make comparisons of alcohol consumption
between military populations problematic.
A single episode of excessive consumption, referred to hereafter as ‘binge drinking’, is
the indicator that features most prominently in studies investigating military alcohol use
(Figure 2.1 and Appendix C). With the exception of the most recent 2011 wave, the
HRB survey has defined binge drinking (typically referred to as ‘heavy drinking’ in US
studies) as five or more drinks on a single drinking occasion at least once a week in the
past 30 days (Department of Defense, 2009). Using time trend data from the HRB
survey, Bray et al (2013) estimated that the prevalence of binge drinking among active
duty US military personnel increased from 15% in 1998 to 20% in 2008. This is notably
lower than that reported in a prospective study of alcohol use in military personnel
before and after deployment (range 44 to 58%; Jacobson et al, 2008). The difference is
most likely attributable to the fact that Jacobson et al (2008) expanded their binge
drinking definition to also include those who had consumed 5 or more drinks on one
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occasion in the past year. Indeed, when the reference time period in the HRB binge
drinking definition is extended to ‘at least once in the past month’, the reported
prevalence increases to 47% (Bray et al, 2013). This highlights the importance of
indicator definition when drawing comparisons of binge drinking prevalence between
different studies and populations.

In the UK, the standard measure of alcohol intake is an alcohol unit, which equates to 8
g of ethanol. This is lower than the 14 g that a standard drink equates to in the US.
Comparisons of binge drinking should therefore be interpreted with caution because
the thresholds in different studies are not necessarily analogous. In a representative
sample of 941 service personnel followed up by Hooper et al (2008) after deployment
to Iraq, 46% reported binge drinking despite the definition capturing only those drinking
heavily (≥7 units) on at least 2 days per week i.e. a higher threshold than used in the
US studies. In a large cross-sectional study of 8,585 UK service personnel in 2005,
Rona et al (2010) found that 47% consumed ≥6 alcohol units at least weekly. A similar
prevalence (48%) was observed by Henderson et al (2009) in 1,333 Royal Navy
personnel who classified binge drinking as consuming ≥9 units in a drinking session at
least weekly, which is most similar to the HRB survey definition. Thus, whether using a
similar or higher threshold of binge drinking, prevalence estimates in UK service
personnel are notably higher than the 20% prevalence reported for their US
counterparts (Bray et al, 2013).

Further evidence for higher levels of alcohol consumption in the UK Armed Forces is
provided by comparing studies that have used the validated Alcohol Use Disorders
Identification Test (AUDIT). The AUDIT is a popular 10 item screening tool for
identifying those who may be at risk of alcohol-related harm. Hazardous drinking is
usually defined as total AUDIT scores of ≥8. Unlike the variation in how binge drinking
is defined, this standard threshold permits better comparability between studies. Using
cross-sectional data collected in 2003, Fear et al (2007) reported that 67% of UK
service personnel had AUDIT scores of eight or more. This compares with a much
lower prevalence of 36% among both regular US service personnel in 2008 (Mattiko et
al, 2011) and National Guard service members returning from deployment in 2009
(Burnett-Zeigler et al, 2011). A similar disparity is observable when a shortened version
of the AUDIT, which only incorporates the first three items of the full questionnaire (the
AUDIT-C), has been used (Figure 2.1; Fear et al, 2007; Aguirre et al, 2013).
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Figure 2.1

The prevalence of different indicators of alcohol use in military populations.
AUDIT = Alcohol Use Disorders Test; AUDIT-C = Alcohol Use Disorders Test –
Consumption.

Military personnel are, of course, a subgroup of the general population. At country
level, the volume of alcohol sold per adult (the most valid indicator of alcohol
consumption (World Health Organization, 2000)) is approximately 20% higher in the
UK than the US (World Health Organization, 2011a). Higher alcohol use between
military populations in different countries is therefore likely to reflect, at least in part,
higher general societal norms. Within countries, military personnel have consistently
been shown to drink more than the general population after accounting for differences
in age and sex (Fear et al, 2007; Henderson et al, 2009; Fear et al, 2010c; Bray et al,
2013). Barry et al (2013) contend that young binge drinkers ‘self-select’ into military
service as it offers an environment that supports their drinking behaviour. However, the
cross-sectional study design and inappropriate statistical analyses (e.g. t-test of means
used on categorical data) limits the extent to which such causal inferences can be
drawn. It is certainly true that military recruits entering initial training have high levels of
alcohol use. About 30% of US recruits report binge drinking at least once a week (Bray
et al, 2010), which is higher than for active-duty personnel in spite of many recruits not
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being of legal age to drink alcohol. Alcohol consumption patterns of UK military recruits
entering training are unknown.
Factors associated with excessive alcohol consumption
Particular sociodemographic risk factors are associated with heavier drinking in the
military. Younger age (Fear et al, 2007; Rona et al, 2010; Burnett-Zeigler et al, 2011;
Mattiko et al, 2011), lower education (Bray & Hourani, 2007; Rona et al, 2010), lower
rank (Rona et al, 2010), being male (Fear et al, 2007; Burnett-Zeigler et al, 2011) and
being of white ethnicity (Ames et al, 2002; Fear et al, 2007; Bray et al, 2013) are the
most frequently cited. Others have shown that different branches of military service are
associated with different drinking patterns, with Army and Navy personnel typically
reporting higher consumption levels than the Air Force and Marines (Fear et al, 2007;
Jacobson et al, 2008; Department of Defense, 2013). The risk factor that has received
the most attention in the military research literature is, however, deployment.

In a programme of research investigating the consequences of deployment to Iraq and
Afghanistan on UK Armed Forces by the King’s Centre for Military Health Research at
King’s College London, mixed findings have been reported. Hotopf et al (2006)
compared self-reported questionnaire results from a random sample of deployed
personnel with a random sample of personnel not deployed. Across a range of mental
health indicators (including post-traumatic stress disorder, common mental disorders
and fatigue), deployment to Iraq was not found to be associated with poorer outcomes.
The results showed that, in univariable analysis, deployment to Iraq was associated
with higher risk of alcohol misuse (odds ratio (OR) 1.37 (95% confidence interval 1.24
to 1.52)). However, the association was weakened and was no longer statistically
significant when adjusted for other covariates such as age, sex, rank and educational
status (OR 1.09 (0.97 to 1.22)). These results contradict those of Hooper et al (2008),
who reported that increases in alcohol consumption among the British Armed Forces
between 2002 and 2005 were greater in those who had been deployed. This was
particularly the case for personnel who had more extreme deployment experiences
(e.g. if at any point they thought they might be killed), a finding supported in other
studies (Fear et al, 2007).

The Hotopf et al (2006) study was subsequently extended to include a follow-up
sample of original participants, as well as additional samples of (a) personnel deployed
to Afghanistan and (b) those joining the Armed Forces since 2003 who could have
been deployed to either (or both) conflicts (Fear et al, 2010b). The study design
13

therefore included both a cross-sectional and longitudinal component. Importantly, all
samples were combined and analysed together, which means that inferences
stemming from the strongest component of the study (i.e. the longitudinal component)
are conflated with less conclusive cross-sectional associations. Nonetheless, as in the
original investigation, there was little evidence to support a short-term effect of
deployment on mental health outcomes, but the results did show a modest effect of
deployment on alcohol consumption (OR 1.22 (1.02 to 1.46)). Alcohol misuse was
defined as an AUDIT score of 16+, which is higher than in the original study (>13 for
men; >10 for women). Higher scores indicate more risky patterns of alcohol
consumption so it is possible that the higher cut-off was more sensitive to detecting
those individuals who exhibit such patterns in response to deployment. Either way, the
recent assertion that increased alcohol misuse after deployment is a “stark exception”
to the resilience seen for other outcomes (MacManus et al, 2014 p. 1) is perhaps
overstated, especially if weighting the strength of the evidence in favour of longitudinal
study designs.

In the only other longitudinal study included in this part of the review, Jacobson et al
(2008) found an association between deployment with combat exposure and risk of
excessive alcohol consumption in the US military. The observed effects on new-onset
heavy weekly drinking, binge drinking, and alcohol-related problems were, however,
more apparent among reservist than active-duty service members, findings that
contradict those in the UK (Hotopf et al, 2006).

Consequences of excessive alcohol consumption
Excessive alcohol consumption can be costly to the military, increasing the likelihood of
problems that impair force readiness and operational capability (Brown et al, 2010).
This has been well illustrated in two studies that have drawn on HRB survey data to
examine relations between drinking levels and self-reported negative outcomes in US
service personnel (Stahre et al, 2009; Mattiko et al, 2011). Stahre et al (2009) showed
that binge drinkers were more likely to report 21 of 22 adverse alcohol-related negative
consequences (Figure 2.2). Similarly, the most recent HRB survey found that heavy
drinkers were found to be most likely to report one or more alcohol-related serious
consequences and productivity losses (Figure 2.3; Department of Defense, 2013).
Comparable findings have been reported in Swiss conscripts (Daeppen et al, 2005). In
contrast, no association was found between binge drinking and functional impairment
in a study in the UK military (Rona et al, 2010). Furthermore, an observed association
between very high AUDIT scores and functional impairment was attenuated when
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possible psychiatric morbidity was adjusted for in regression models. This may have
implications for the interpretation of results from the previously noted studies where
such residual confounding, a major threat to the validity of results from observational
research (Egger et al, 2001), might be present.

Summary
Reducing the harmful impact of excessive alcohol consumption is a public health
priority across the world. It is common for military personnel to report higher levels of
alcohol use than civilians. This not only places them at higher risk of long-term health
problems but, crucially for military organisations, can result in impaired job performance
and, in turn, reduced overall force capacity. Personnel with particular characteristics
may be at the highest risk, typically younger men with a combat role. Deployment may
also lead to increased consumption although more conclusive evidence is warranted.
An understanding of alcohol consumption levels, patterns and risk factors is a crucial
step in the health improvement process. At present, however, there are no data
available on British Army infantry recruits, who are arguably most likely to include
prospective soldiers with characteristics for high risk alcohol use.
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Figure 2.2

Percentage of US military personnel reporting alcohol-related consequences in
the last 12 months among current drinkers, by frequency of binge drinking (times
per month). Adapted from Stahre et al (2009).

Figure 2.3

Percentage of US military personnel reporting one or more alcohol-related
serious consequences (includes drink-related illness, incarceration, injury, driving
under the influence and physical fights) and productivity loss (includes hurt in job
accident, being late for work or leaving early and absenteeism), by binge drinking
frequency. Adapted from Mattiko et al (2011) using 2011 HRB survey data.
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2.4.3

Smoking in the military

“You ask me what we need to win the war? I answer, tobacco as much as bullets.’’
Walter Reed Army Medical Center (1998 p. 4
cited in Nelson and Pederson, 2008 p. 775)

Smoking is the single most preventable cause of morbidity and premature mortality in
the world, greatly increasing the risk of cancer and diseases of the cardiovascular and
pulmonary systems (World Health Organization, 2014b). The World Health
Organization proclaims that it is among the biggest public health threats the world has
ever faced (World Health Organization, 2014b). The detrimental effects of smoking
make it a particular concern for military organisations for whom the health, wellbeing
and fitness of their personnel is paramount to maintain defence capabilities. Its
importance is reflected by a large number of studies that have investigated smoking
behaviour in military populations. This section provides a brief overview of these
studies.
Prevalence of smoking in military populations
Of all the main modifiable lifestyle behaviours, smoking prevalence is the most
straightforward to compare both within and between military populations. Although
some studies included in this review use measures that enable more nuanced
categorisation of smoking status, almost all studies provide an estimate of the
prevalence of current smoking. As shown in Figure 2.4, smoking prevalence varies
markedly in different military samples, ranging from 13% among UK marines (Munnoch
& Bridger, 2007) to 54% in the Italian Armed Forces (DiNicola et al, 2006) and French
Army (Marimoutou et al, 2010). Such variation is unsurprising because, as with alcohol
consumption, definitions of ‘current smoking’ differ between studies. The studies
included in Figure 2.4 also capture a wide range of countries, but even within-country
comparisons are confounded by differences in the year in which the study was
conducted and the specific military service under investigation (e.g. Army vs Navy,
active-duty personnel vs recruits).

In the US, the HRB survey has enabled trends in smoking prevalence to be monitored
consistently over time. Smoking prevalence among active-duty personnel declined from
51% in 1980 to 30% 1998, which is similar to the estimate of 31% reported in the latest
survey results using data collected in 2008 (Bray et al, 2009). The 2011 survey reports
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a lower prevalence of 25%, but the definition of current smoking was changed from any
smoking in the past 30 days to currently smoking (Department of Defense, 2013).

Prevalence estimates of smoking among recruit populations are not routinely collected
in the US, but smoking behaviour is often reported in individual research studies.
Again, wide variation exists between studies, but there is no strong and consistent
evidence to suggest that smoking prevalence among US military recruits is
systematically different to that observed among trained personnel. In terms of
comparisons with the general population, Nelson and Pederson (2008) concluded in
their review that smoking is more common in the military. This inference was based on
prevalence estimates from two large cross-sectional military studies that were
compared with an age- and sex-matched estimate from a general population survey.
However, the findings contrast those of Bray et al (2009) who performed more robust
comparisons by standardising data from military and civilian populations to also
account for differences in the distribution of education, race/ethnicity and marital status,
which are factors associated with smoking (discussed in more detail in the next
section). Their results showed that past 30 day cigarette use among all active-duty
personnel was similar to civilians. Importantly, when the data were broken down by
military service, smoking prevalence among the Marine Corps was higher than the
general population, while among Air Force (21%) personnel it was lower.

Unfortunately, the UK military does not have an equivalent surveillance tool to the HRB
survey. As a result, an understanding of the epidemiology of smoking behaviour among
British forces personnel is more limited. In a prospective cohort study between 2002
and 2005, it was shown that smoking was less prevalent in the UK Armed Forces than
in the general population both at baseline and follow-up (Hooper et al, 2008). Similarly,
using a repeat cross-sectional design, Fear et al (2010a) found a higher smoking
prevalence among males in the general population in 2004. Data were not
standardised in either of these studies, but Fear and colleagues (2010a) did stratify
their comparisons by various sociodemographic characteristics, including markers of
socioeconomic status. A downward trend in smoking prevalence was noted in both
studies, consistent with that seen in the general population.

A similar downward trend was not observed in a study that assessed changes in
smoking behaviour in UK military recruits three years after joining (Bray et al, 2013a).
Although the study was published recently, data for the time period 1998 to 2002 were
retrospectively analysed. It was found that the prevalence of smoking increased among
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recruits after joining, mostly attributable to ex-smokers reinitiating the habit. The Bray et
al (2013a) study offers the most comprehensive description of smoking behaviour
among military recruits in the UK and provides some other novel insights. Most notably,
it showed that smoking is highest in Army recruits, particularly the infantry (range 49 to
66%), although the sample sizes by trade group were small and the uncertainty around
the estimates wide. A strong correlation between deprivation and smoking prevalence
was used to explain the high prevalence in infantry recruits, since most come from
deprived areas. More recently, Sharma et al (2011) reported a lower smoking
prevalence of 30% in a sample of 468 infantry recruits, but smoking was not the
primary focus of the study and the method of collecting data on smoking status was not
clearly described. It would seem surprisingly low, however, given that a higher
prevalence of 37% was reported by non-infantry British Army recruits with the authors
caveating that this was likely to be an underestimate (Greeves et al, 2006).
Furthermore, a prevalence of 53% was noted among trained British Army infantry
personnel (Wilkinson et al, 2011).

Figure 2.4

The prevalence of smoking in military populations.
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Factors associated with smoking
Unlike the wide variation in smoking prevalence estimates, common factors have been
associated with an increased likelihood of military personnel smoking. Perhaps
unsurprisingly, several of these are similar to the risk factors associated with excessive
alcohol consumption. For instance, smokers are more likely to be male (Cooper et al,
2010; Olmsted et al, 2011), younger (Miller et al, 2000; Fear et al, 2010a; Marimoutou
et al, 2010; Macera et al, 2011; Olmsted et al, 2011), lower rank (Fear et al, 2010a)
and in the Army (Bray & Hourani, 2007; Fear et al, 2010a; Marimoutou et al, 2010). In
addition, ethnicity has been associated with smoking in several military studies, with
white service members more likely to smoke than other ethnic groups (Ames et al,
2002; Haddock et al, 2007; Sherrill-Mittleman et al, 2009; Olmsted et al, 2011). As
alluded to in the preceding section, smoking is also patterned by socioeconomic status.
Personnel with lower educational qualifications (Marimoutou et al, 2010; Olmsted et al,
2011) or from less affluent geographical areas (Bray et al, 2013a) are most likely to
smoke. This is consistent with findings from general population surveys; in the UK,
smoking has been identified as one of the biggest drivers of inequalities in premature
mortality between the rich and poor (Gruer et al, 2009).

As well as individual sociodemographic characteristics, the smoking habits of friends
and family also affect the likelihood that Armed Forces personnel smoke. In a sample
of Italian military members, DiNicola et al (2006) found that the odds of current smoking
were 1.7 times higher if a parent smoked and over two times higher if a sibling or
partner smoked. Similar results were found in male US Air Force (Haddock et al, 2007)
and Marine Corp (Trent et al, 2007) recruits. Support for such quantitative associations
also comes from qualitative research. Nelson et al (2009) conducted an ethnographic
study in US Army personnel and found that many recruits started smoking upon joining
the military to fit in with friends.

The physically and mentally demanding experience of military deployment can manifest
in maladaptive coping behaviours such as smoking (Smith et al, 2008). Australian
Defence force personnel retrospectively reported increased smoking on deployment
and cited boredom, stress and cost/availability as the main reasons (Barton et al,
2010). In a large prospective evaluation of almost 50,000 US military personnel,
deployment was associated with smoking initiation and re-initiation among former
smokers, particularly if individuals were exposed to combat situations (Smith et al,
2008). Deployment therefore exacerbates the initiation of smoking that occurs during
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the transition from recruit to active duty service member (Bray & Hourani, 2007; Bray et
al, 2009; Bray et al, 2013a).
Consequences of smoking in the military

"I just figure being so young and active and healthy, maybe it's a risk I can
afford to take at this point ... it's fun and pleasurable for me [and] it's not really
hurting me or holding me back right now."
Nelson et al (2009 p. 165)

The long-term health consequences of smoking, such as cancer and cardiovascular
disease are generally well recognised by military smokers (Nelson et al, 2009).
However, shorter-term consequences on military performance may be less well
acknowledged. Indeed, the above statement by a US Army soldier is not supported by
the evidence. On the contrary, smoking has been reported as a risk factor for
numerous negative military outcomes. Among recruits, smoking has been shown to be
the single best indicator of premature discharge (Klesges et al, 2001; Larsson et al,
2009). Much of this attrition is attributed to injuries sustained during training, the risk of
which is higher among smokers (discussed in more detail in Section 2.5.4). However,
some of these results may have been confounded by cardiorespiratory fitness as
smokers tend to have lower levels of fitness than non-smokers (Bernaards et al, 2003),
and fitness is another strong predictor of injury and discharge (see Section 2.5.4).
Miedinger et al (2006) found that Swiss conscripts who smoke were more likely to
report respiratory symptoms, a finding noted in Australian forces (Barton et al, 2010),
though the analyses performed in both of these studies were also vulnerable to
confounding and effect modification by other factors.

With regard to active-duty personnel, the US Department of Defense HRB survey is
again a key source of data for exploring cross-sectional associations between lifestyle
behaviours and military-specific outcomes. Results suggest that heavier smokers were
absent on more days in the past 12 months and had more days with reduced
performance (Figure 2.5). Similarly, using earlier survey data, Haddock et al (2007)
showed that smoking predicted military readiness, an umbrella term encompassing
various markers of physical and mental health, substance abuse and legal problems
thought to compromise the ability to adequately perform military duties. Support for
such associations is also evident in the UK military. Bridger and colleagues (2009)
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found smokers in the Royal Navy were more likely to be categorised as medically unfit,
though the criteria for categorisation was rather vague.

The consistency of the associations between smoking and poor outcomes undeniably
provides support for its usefulness as an indicator and highlights the importance of
continued efforts to reduce its prevalence in military populations. However, the extent
to which smoking can be thought to cause many of the aforementioned outcomes is
questionable. Even in studies that have made adjustments for confounding factors in
their analytical design, residual confounding remains a concern. It may be a
constellation of social and mental states predisposing military personnel to poor
outcomes that are also associated with their smoking habit (Klesges et al, 2001).
Regardless, the economic and personnel cost to the military of recruits and personnel
who smoke is vast (Klesges et al, 2001; Dall et al, 2007).

Figure 2.5

Absenteeism and productivity loss for active-duty males in the US Army aged 21
to 34 years, by self-reported smoking status (Department of Defense, 2013).

Summary
It has long been established that smoking is harmful to health. In military populations,
smoking is also associated with a range of outcomes that reduce military efficiency
such as training attrition and productivity loss. These incur costs to military
organisations so it is imperative that valid data on smoking behaviour are routinely
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collected to aid military tobacco control efforts. A few studies have estimated the
prevalence of smoking in the UK Armed Forces, but the most recent comprehensive
examination was based on data collected almost a decade ago. The best available
data on smoking behaviour among recruits is even more outdated. Thus, there is
undoubtedly a need for more contemporary intelligence on smoking prevalence in the
British Armed Forces. In particular, emphasis should be placed on those subgroups
with risk factors that make them most vulnerable to smoking and its adverse
consequences.

2.4.4

Physical activity and diet in the military

Alcohol and smoking are the most extensively researched health behaviours in military
populations, with historical accounts dating back centuries (Conway, 1998; Jones &
Fear, 2011). However, the upward trend in body weight in recent decades, which has
been observed in civilian and military populations in the UK (Butland et al, 2007;
Sanderson et al, 2014) and elsewhere (Sudom & Hachey, 2011), has led to increased
attention on the key behavioural risk factors for overweight and obesity: physical
activity and diet. This section provides an overview of the epidemiological evidence
related to these behaviours in a military context.

Physical activity
The demanding nature of a military career necessitates a physically fit workforce.
Personnel are required to perform operational duties with maximum efficiency, often for
prolonged periods of time and under adverse conditions. Career-long minimum
standards of fitness are therefore required to ensure retention as a service member.
Physical fitness is an outcome of regular physical activity (Blair et al, 2001) and so it is
perhaps expected that studies have generally found higher self-reported physical
activity levels among military personnel than the general population. For example,
Smith et al (2013) reported that 57% of uniformed service personnel in the US (n =
15,747) met the national physical activity guidelines compared with only 32% of the
non-military US population. Similar results were observed in Norway, but the difference
between civilians and Navy personnel was smaller (Morken et al, 2007). In addition, no
adjustment was made for differences in the sociodemographic characteristics of study
participants (e.g. age, sex and socioeconomic status) which may have biased the
comparisons. To date, no comparisons of physical activity levels between UK military
and civilian populations have been published.
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The future readiness of the military is shaped, in part, by the fitness of its incoming
recruits. As such, recruits are required to meet fitness standards to both commence
and successfully ‘pass-out’ of initial training. The pre-training physical activity habits of
recruits, and how these are associated with future training outcomes, has therefore
been of interest to military researchers as they attempt to refine and develop
organisational recruitment policies. In a study of US Army applicants, 63% met national
physical activity recommendations and were more likely than those not meeting the
recommendations to pass the entry fitness test (Gubata et al, 2011). Riley et al (2005)
used a similar study design among male US Marine Corp recruits to examine the
association between self-assessed and objectively measured physical fitness. In their
study, 79% of respondents rated their fitness as either ‘good’, ‘very good’ or ‘excellent’
compared with others of the same age, although the distribution of response options
was positively biased (i.e. three positive but only two negative). In spite of this, the item
was associated with objectively measured fitness in multivariable models and led the
authors to conclude that it offered a valid way to predict low fitness levels among
incoming recruits. While the strength of this conclusion would have been enhanced if
the Likert-scale responses had not been dichotomised for analyses, the results of the
descriptive analyses presented in the paper make it reasonable to assume that a doseresponse relationship existed between subjective and objective measures. This
assertion is supported by the findings of Reis et al (2007) who used the same measure
to examine the association between self-reported fitness and training discharge. They
showed that Marine Corp recruits reporting ‘poor/fair’ levels of fitness on entry were
three times more likely to be discharged from training than recruits reporting ‘very
good/excellent’ fitness levels, while those with ‘good’ fitness levels were 1.6 times more
likely.

Examining associations between pre-training physical activity and future training
outcomes has been the focus of several prospective US military epidemiological
studies. A simple questionnaire item that asks recruits to subjectively compare their
own physical activity level (rather than fitness level) with others of the same age has
become a popular approach. An item originally validated by Washburn and colleagues
(1987) is often cited:

Compared with others your age and sex would you consider yourself to be?
(1) Much more active to (4) Somewhat less active
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Most studies have extended the number of response options to five (usually: much
more active; more active; about the same; less active; and much less active) (Knapik et
al, 2010; Wilkinson et al, 2011; Knapik et al, 2013a; Knapik et al, 2013b; Trone et al,
2013) and it is common for investigators to tweak the wording of the question to make it
more specific to their study. With these inconsistencies in mind, Figure 2.6 shows fairly
similar results across studies: a higher proportion of military recruits typically report
being more active than others (range 41 to 48%) rather than less active (range 22 to
26%).

Figure 2.6

The prevalence of self-reported physical activity in military populations.

Similar to the studies described earlier (Riley et al, 2005; Reis et al, 2007), which
showed that physically active prospective recruits were more likely to pass the
admission fitness test, responses to this simple question help to distinguish the
success or otherwise of those who have commenced initial training. There is some
evidence to suggest that training injuries are more likely among less active recruits
(discussed in more detail in Section 2.5.4). This, in turn, results in a higher risk of
delayed graduation or discharge (Trone et al, 2013). Thus, even though the
psychometric properties of the self-report question have not been established in
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military settings, its epidemiological utility is being explored. Yet, only one study has
used the measure in a UK military investigation. Wilkinson et al (2011) found that 47%
of British Army infantry soldiers self-reported more or much more activity than their
peers, which is within the range of US military recruits (Figure 2.6). However, in
contrast to the findings from studies on recruits, trained soldiers reporting more activity
were more likely to sustain an injury during pre-deployment training. This could suggest
that the relationship between activity levels and injury is different in military recruits
compared with military personnel. Alternatively, it may just be a spurious finding given
that contradictory results have been reported in other studies on qualified service
members (Morken et al, 2007).

Unlike smoking and alcohol consumption, risk factors for low pre-training physical
activity levels among prospective military recruits are not well known. This is because
self-reported activity is usually investigated as a risk factor, rather than an outcome. In
a Finnish study, Kinnunen et al (2012) explored whether an association existed
between self-control and various adaptive outcomes, including self-reported leisure
time physical activity. Self-control was found to have a positive association with
physical activity, but the direction of causality is unclear.
Diet
“…the soldier who is well fed is not only in better bodily health and better
able to resist disease, but he is more cheerful in difficulties and therefore
more equal to any strain he may be called upon to endure.”
Robinson (1905 p. 378 cited in Hill et al, 2011 p. 232).

Nutrition is another lifestyle factor that has the potential to either compromise or
augment military capability. The UK Ministry of Defence (MoD) recognises this in its
nutrition policy statement. It states that the “MoD undertakes to provide military
personnel with a basic knowledge of nutrition, with the aim of optimising physical and
mental function, long-term health, and morale” (Ministry of Defence, 2011 p. 4A-1).
Further, in relation to food supplied at barracks it “undertakes to provide a variety of
healthy and palatable food and beverage choices to military personnel to enable them
to adopt healthy eating habits, a balanced diet, and to ensure optimal fitness and
performance” (p. 4A-1). This section provides a brief summary of the literature on the
dietary intake of military personnel, with a special emphasis on recruits. The literature
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on operational nutritional requirements is probably the most extensive, but is beyond
the scope of this review.

Valid and reliable measurement of dietary intake is one of the most challenging tasks in
public health measurement. Food frequency questionnaires (FFQs) provide the most
pragmatic measurement tool in most settings. Unfortunately, the vast numbers of these
that have been developed make direct comparisons between studies difficult. Smith et
al (2013) recently attempted to compare the eating patterns of US military personnel
with civilians. Data were drawn from the HRB survey and used to assess the proportion
of respondents meeting Healthy People 2010 healthy eating objectives (achieving a
daily intake of one or more fruits, three or more vegetables, and three or more whole
grains). The study showed that 29% of personnel consumed fruit and 38% ate
vegetables at least daily, while 33% consumed sweets and 18% ate fast food on a daily
basis. A 24 hour food diary is the preferred approach for assessing compliance to the
objectives, but the results from the FFQ used in the study revealed that only 3% of nondeployed military personnel met the criteria, which was lower than the general
population. This contrasts results in the Canadian Armed Forces. Despite a decline in
the proportion of personnel with healthy eating habits between 2003 and 2006, it was
shown that the eating habits of military personnel were better than those of the general
population in Canada (Jones et al, 2010b). This was despite only about half meeting
recommendations for daily fruit and vegetable intake.
The fact that ‘best-practice nutrition’ may not be widespread among active-duty military
personnel (Hill et al, 2011) will disappoint military organisations, who attempt to instil
healthy eating behaviour during initial training. Recruits in the UK receive targeted
educational lectures and instructive resources such as guides and DVDs are available,
though these have not been formally evaluated (Hill et al, 2011). Furthermore, dining
during initial training predominantly takes place in mess halls that offer a varied
selection of foods, including fruits, vegetables, and whole grains. As mentioned
previously, recruits entering the military are disproportionately from areas of higher
deprivation, which is a strong predictor of poor dietary intake (Shohaimi et al, 2004).
Initial training could, therefore, present a key opportunity for dietary improvement.
Indeed, in an innovative programme of work led by Clarissa Bingham in Finland, it has
been shown that consumption of savoury fatty foods declined during training (Jallinoja
et al, 2011; Bingham et al, 2012a). However, it was also shown that consumption of,
and cravings for, energy dense, low nutritious foods, such as sugary sweets, increased
(Bingham et al, 2009; Bingham et al, 2012a). In addition, unhealthy snacking during
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initial training has been associated with a higher body mass index, though the
explanatory variables did not account for a lot of the variance in the models so residual
confounding was likely. Nevertheless, such ‘off-duty calorie consumption’ is a concern
to military recruiters (Hill et al, 2011).

According to an excellent review of military nutrition in the UK, poor diet can result in a
state of reduced military readiness (Hill et al, 2011). They arrive at this conclusion by
inferring from seminal studies that have investigated the short-term impacts of mild
dehydration and carbohydrate depletion on cognitive performance and endurance
performance (Nicholas et al, 1997; Wilson & Morley, 2003). Furthermore, they
emphasise the potential long-term implications of a poorly nourished Armed Forces,
such as an increased risk of injury, obesity and cardiovascular disease. These seem
like plausible causal pathways. Surprisingly, however, there is a dearth of empirical
evidence to substantiate these claims in a military-specific context. Of the relevant
papers included in this review (see Appendix C), most of which were focussed on the
dietary behaviour of recruits during training, only one specifically investigated the effect
of nutrition on military outcomes. In a PhD thesis, Canham-Chervak (2006) investigated
the association between lifestyle behaviours and training injury. It was found that
females in a high risk diet/lifestyle index category had an approximately 50% greater
injury hazard compared to females in the low risk category. No association was
observed among men. Also, the diet/lifestyle index consisted of somewhat incongruent
measures of diet (consumption of fast food, caffeinated beverages and regular
breakfast) and other lifestyle behaviours (watching television and seat belt use).
Although recent studies have examined obesity in UK military recruits and personnel
(Sundin et al, 2011; Sanderson et al, 2014), as is the case with pre-training physical
activity, diet remains a behaviour for which the epidemiology in UK Armed Forces
recruits is unknown. Clearly, more research is warranted to elucidate if recruit nutrition
has implications on training outcomes.

Summary
Growing concern about obesity levels among both prospective military recruits and
serving personnel has led to an increased focus on understanding physical activity and
dietary patterns in the military. Recruits reporting lower levels of physical activity before
undertaking initial military training perform worse on physical fitness tests than more
active recruits and may have an increased risk of injury, though there is a dearth of
evidence originating from UK military contexts. In terms of diet, healthy eating patterns
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are assumed to enhance military performance, but this assumption has yet to be
supported by strong empirical research.

2.4.5

Associations between health behaviours in military populations

In many of the studies included thus far in this review, in which a lifestyle behaviour has
been entered as an outcome in a multivariable model, adjustment has been made for
one or more other lifestyle behaviours i.e. lifestyle confounding. Although not the
primary focus of most of the papers, this enables assessment of the association
between unhealthy lifestyle behaviours among military personnel. This is potentially
important as it can give an indication of co-occurrence of lifestyle behaviours, which
may help to inform health improvement strategies (Spring et al, 2012). Thus, this brief
subsection summarises the associations between unhealthy lifestyle behaviours most
commonly reported in the military literature.

Smoking and alcohol consumption are consistently associated behaviours among
military personnel (Fear et al, 2007) and recruits (Ames et al, 2002; Young et al, 2006;
Mueller et al, 2009). For example, in male UK Armed Forces personnel, current
smokers (reference group) were the most likely to be binge drinkers, followed by exsmokers (odds ratio = 0.80), with never smokers having the lowest odds (odds ratio =
0.60) (Fear et al, 2007). Similar dose-response associations have been observed in a
number of other studies using a range of different drinking outcomes (Lynch et al, 2004;
Jones et al, 2006), thereby providing strong support for the alcohol/smoking
association. Haddock and colleagues (1998) also found that smokers among US Air
Force recruits were more likely to have a poor diet and report low levels of physical
activity, although these findings can no longer be considered contemporaneous as they
were collected in 1995.

2.4.6

Summary of the epidemiology of lifestyle behaviours in the military

The heterogeneity of studies documenting lifestyle behaviours in the military has been
one of the most homogenous features of this narrative review. Nonetheless, some
common themes have emerged. It is clear that military organisations face enduring
challenges with regard to substance misuse in the form of alcohol and tobacco. A high
prevalence of excessive alcohol consumption and smoking has deleterious personal
and military-related consequences. These behaviours seem to be established among
recruits entering initial training, particularly those with high-risk characteristics: young;
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male; single; low education; and entering combat services. Furthermore, the culture
and stress associated with military life is more likely to exacerbate than ameliorate
these unhealthy behaviours.

Levels of physical activity in the military are higher than in the general population. This
is expected as military personnel are required to maintain a certain level of fitness and
physical activity forms an important part of most military occupations. However, it is
physical activity levels among recruits prior to entering the military that has received
most research attention. Despite the fact that all forthcoming recruits must pass an
initial fitness test, pre-training activity levels can still be used to predict future military
performance, with less active recruits experiencing poorer training outcomes.

Research on diet in the military is limited. A few studies have shown that certain
aspects of a recruit’s diet can be enhanced because they are provided with structured,
nutritious meals during training. Yet, consumption of less nutritious snacks is also
common and a majority of service members do not meet healthy eating
recommendations on fruit and vegetable consumption. The impact of diet on military
outcomes remains elusive.

2.5

A review of the epidemiology of training injuries in military recruits

2.5.1

Introduction

Injuries are recognised as the leading health problem in the military (Hauret et al, 2010)
and represent the biggest threat to the health and readiness of the Armed Forces
(Bullock et al, 2010). A large body of evidence consisting of descriptive epidemiologic
studies, cause/risk factor studies (i.e. analytic epidemiology), and intervention studies
has emerged since the Armed Forces Epidemiological Board Injury Prevention and
Control Work Group recommended a public health approach to injury prevention in the
US military (Figure 2.7).
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Implementation of evidence-informed programmes
Monitoring / surveillance & evaluation of programme /
intervention effectiveness.

Military injury surveillance and prevention model (adapted from Jones et al,
2000).

Injuries are a particularly salient problem for military recruits, with higher rates reported
than for trained personnel (Davidson et al, 2008). Cumulative exposure to a high
volume of intense (and often unfamiliar) weight-bearing physical exercise during initial
training programmes means the frequency and incidence of the problem is substantial.
Recruit injuries are important as they are associated with loss of time from training, risk
of re-injury and, in the cases of the most severe injuries, permanent medical discharge
(Blacker et al, 2008). Such consequences are costly to military organisations, both
financially and operationally. As such, and because the standardised nature of the
recruit training environment offers unique research opportunities, most military injury
epidemiological studies investigate recruit populations.

In 2000, Kauffman and colleagues published a review on military-training related
injuries. The emphasis of the review was on surveillance and risk factors among US
military recruits. The extent to which the findings from this review are generalisable to
military recruits in the UK Armed Forces is largely unknown as the few UK studies that

31

enable such validation have been published post-2000. Furthermore, while the review
offers a very useful summary of the findings from numerous primary research studies, it
lacks sufficient insight into the quality of the included studies such as the statistical
analysis method used.

The aim of this section of the thesis is to provide a contemporary (studies published
from 2000 onwards) narrative review of pertinent epidemiologic literature on
musculoskeletal injuries in military recruits including injury rates, characteristics and
risk factors. Consistencies and disparities between findings are discussed in the
context of the study design and important gaps in the UK military injury literature are
identified.

2.5.2

Quantification of injuries in military recruits

The language of injury epidemiology can be inconsistent between disciplines and result
in confusion (Phillips, 2000). For clarification, the use of the term injury incidence in this
thesis refers to the most commonly used definition in military studies: the percentage of
recruits who sustain one or more injuries during training. Exposure time can therefore
be different between different recruit populations depending on the duration of the
specific training programme under investigation. Combined with other disparities in
study designs, such as environmental conditions, training regimens and sample sizes,
there is an inevitably large variation in injury incidence reported in the literature. For
example, among US Army recruits, the most extensively studied recruit population,
reported injury incidences for men during Basic Combat Training range from 26% to
58% (Altarac et al, 2000; Billings, 2004; Canham-Chervak, 2006; Knapik et al, 2013a;
Knapik et al, 2013b; Knapik et al, 2013c; Trone et al, 2014). Results from military
organisations in other countries, including Denmark (Rosendal et al, 2003), Greece
(Havenetidis et al, 2011) and Finland (Taanila et al, 2011) have found injury incidences
with this range. In the UK, however, both Greeves et al (2006) and Blacker et al (2008)
found notably lower injury incidences in British Army recruits, ranging from 5 to 16%
depending on the establishment the training was undertaken. The reasons for this
lower incidence are unclear, but may relate to methods of data collection and the fact
that infantry recruits, who undergo the most demanding training in the British Army
recruits, were not included in the sampling frame (Blacker et al, 2008).

Calculation of the person-time injury incidence rate, which expresses the number of
injuries as a function of exposure time, provides a more meaningful epidemiological
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measure than injury incidence because it takes into account actual time in training
(Hopkins et al, 2007). This allows for more sensible comparisons between studies.
Nonetheless, as shown in Table 2.1, wide variation still exists between estimates of
person-time injury incidence rates from different military training courses and locations.

Table 2.1

Person-time injury incidence rates in military recruit populations.
Training duration
(weeks)

Injury incidence rate
(injuries per 1000 recruit days)

British Army Common Miltiary Syllabus
(excludes infantry), n=13417

12

0.6

Canham-Chervak (2006)

US Army, n=1156 males

9

4.2

Davidson et al (2008)

NZ forces, n=900

11 month observation
period

0.8

Knapik et al (2001)

US Army, n=733 males

8

5.6

Knapik et al (2010)

US Air Force, n=~700 males

8-9

6.4

Knapik et al (2013)

US army military police, n=1837 males

19

1.4

Knapik et al (2013b)

US army combat engineers, n=1633
males

14

3.3

Taanila et al (2011)

Finish Defence Forces, n=1513 males

52 week observation
period

3.3

Trone et al (2014)

US Marine Corps, n=900 males

12

5.0

Study

Recruit population

Blacker et al (2005)

a

a

a

Notes: Data are for control arm of a randomised control trial.

The usefulness of comparing injury rates between different military populations is
therefore questionable. Rather, the focus of military organisations should be on
ensuring that their own injury data are routinely interrogated, analysed and
communicated as part of a systematic surveillance system (Jones et al, 2000). This is
particularly important for those military training courses that are considered most
demanding (Kaufman et al, 2000). In the British Army, there has never been a detailed
investigation into injury rates during infantry training, even though it has the highest
medical discharge rate and lowest first-time pass-out rate (Blacker et al, 2005; Carter
et al, 2006). In 2005, the Adult Learning Inspectorate, who was commissioned to
conduct an independent review of training in the UK Armed Forces, recommended
“more systematic use of data on fitness, the training undertaken, injury and
rehabilitation” (Adult Learning Inspectorate, 2005 p. 40). Adequate surveillance
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provides the data necessary for determining the baseline of a problem, identifying risk
factors, targeting interventions and evaluating intervention success (Jones et al, 2000).

2.5.3

Characteristics of injuries in military recruits

In contrast to the variability in injury rates between military populations, there is greater
consistency in the location and diagnosis of injuries. Most military training injuries are
musculoskeletal injuries to the lower body, usually accounting for 50-80% of all injuries
(Table 2.2).
Table 2.2

Musculoskeletal injury distribution by location in military recruit training.

Training duration
(weeks)

Lower body injuries
(as % of all injuries)

6

60

Varied

55

10

77

Greek Army, n=233 males

7

79

Knapik et al (2001)

US Army, n=773 males

8

59

Knapik et al (2013)

US Army, n=7,117 males

10

77

Taanila et al (2011)

Finnish Defence Forces,
n=1,513 males

52 week observation
period

61

Study

Recruit population

Billings (2004)

US Air Force, n=986 males

Blacker et al (2005)

British Army (excluding
infantry), n=13,417

Cowan et al (2011)

US Army cadets, n=6,511

Havenetidis et al (2011)

a

a

a

Notes: Data are for ‘normal weight group’ in between-group observational study.

The most commonly diagnosed military training injuries are related to overuse, in which
small microtraumas accumulate over time and result in an injury outcome when the
repair process is not complete before the next microtrauma (Knapik et al, 2013a). It has
been consistently shown that these gradual-onset injuries account for between twothirds to three-quarters of all injuries sustained during training (Rosendal et al, 2003;
Taanila et al, 2011). This reflects the intense, repetitive and weight-bearing nature of
most military training programmes. In their review article, Kauffman et al (2000) cited
sprains, strains, pain, tendonitis and stress fractures as the leading diagnoses.
Although the review was published over a decade ago, these diagnoses remain the
leading injury types in more recent studies (Billings, 2004; Davidson et al, 2008) and
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are consistent with the International Classification of Disease codes used in some
studies to categorise different injury types (Cowan et al, 2011; Knapik et al, 2013a;
Knapik et al, 2013b). However, while it may be assumed that these injury diagnoses
are generalisable, there are currently no detailed published data pertaining to injury
diagnoses during recruit training in the British Armed Forces.

The negative implications of injuries sustained by recruits during initial training should
not be understated. Most injuries result in loss of training time and some can
necessitate long-term rehabilitation or even medical discharge. Furthermore, the risk of
re-injury is higher among recruits who have had a prior injury (Schneider et al, 2000).
Although it is difficult to quantify the financial burden of training-related injuries on
military organisations, discharge costs have been estimated at $57,500 per discharged
recruit in the US Army (Niebuhr et al, 2008), which is broadly similar to costs estimated
for non-officer infantry recruits in the British Army (Coalition to Stop the Use of Child
Soldiers, 2011). In terms of military capability, it has been starkly suggested that
training-related injuries among recruits are considered "the single most significant
medical impediment to military readiness" (National Research Council (2006) cited in
Molloy et al (2012 p. 553)). An understanding of the risk and protective factors
associated with training-related injuries is therefore vital.

2.5.4

Risk factors for injury in military recruits

Introduction
The use of analytic epidemiology techniques has encouraged military researchers to
explore many risk factors associated with musculoskeletal injuries among recruits
(Figure 2.8). These have been summarised in extant literature reviews (Jones et al,
2000; Kaufman et al, 2000) and within the Introduction and Discussion sections of
original studies (e.g. Blacker et al, 2005; Knapik et al, 2013b; Sharma, 2013).
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However, perhaps because it is a rather specialist research subject with a relatively
small community of dedicated researchers, it is common in the military injury
epidemiology literature for the same prior work to be cited across a number of studies,
particularly if the prior work supports an observed association. Furthermore, single
studies are often cited to demonstrate prior evidence of an association between a risk
factor and an injury outcome. While this is not necessarily inappropriate, it is vulnerable
to bias for a number of reasons:


First, as alluded to in the ‘Introduction’ of this section, to the thesis author’s
knowledge, no review article or original study has carefully considered the
methods used in prior injury risk factor studies and what implications this may
have on the interpretation and comparability of results.



Second, the citation of prior evidence is not always objective. Citation bias,
which refers to the citation or non-citation of research findings depending on the
nature and direction of the results (Higgins & Green, 2011), has been found to
exist in epidemiological research (Jannot et al, 2013). In the current context, this
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means that statistically significant associations are more likely to be cited than
null associations. As a consequence, the strength of evidence for particular risk
factors may be overstated or misinterpreted (Kicinski, 2014).


Finally, a result from an individual study is not sufficient evidence of the
existence of a given risk factor. Convincing evidence requires reproduced
results from a multitude of studies. The evidence is strengthened further if there
is a disparity in methods between studies that report similar results, particularly
if they have distinct methodological shortcomings (Broadbent, 2013).

Thus, rather than simply updating the format of previous reviews (Kaufman et al, 2000;
Blacker et al, 2005; Sharma, 2013) with the inclusion of more recent studies, the
concise review that follows attempts to offer a somewhat novel appraisal of key risk
factors associated with injuries during military training. First, a short note on the
analytical approach most commonly used to identify independent risk factors in military
epidemiologic studies is provided. Next, drawing only on the results of studies that met
the inclusion criteria (see Section 2.3.3 and Appendix C), the emphasis is placed on
modifiable risk factors that have been investigated in more than one study. Effect
estimates are graphically displayed using forest plots, which are useful for providing a
simple visual illustration of the amount of variation between studies. In systematic
reviews (usually of the effectiveness of an intervention), an overall estimate is
calculated, but due to the heterogeneity of the observational studies in this review such
a calculation has not been performed. Where relevant, interpretations of the forest plot
are discussed in the context of the findings of earlier reviews and commentaries.
Finally, the need for further research to clarify the effect of specific lifestyle exposures
on injury risk is discussed.
Analytical approach in military injury epidemiology and its implications on the
review process
The most popular analytical method for identifying risk factors in military recruit
populations involves a two-step regression approach. First, data on potential risk
factors, collected either objectively or using self-reported questionnaires, are analysed
to explore univariable associations with the injury outcome measure. It is common for a
large number of potential risk factors to be examined, often relating to the same
construct, but measured using different questionnaire items (e.g. self-reported exercise
frequency and self-reported physical activity (Knapik et al, 2013a)). Those risk factors
that are statistically significant in univariable analyses are then entered into a
multivariable backward stepwise regression model and are omitted if they don’t reach a
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certain threshold of statistical significance (usually p < 0.05). While a detailed critique of
the use of stepwise regression is not warranted here, it is important to note the
implications that such an analytical approach can have on the review process, as
experienced by the thesis author. These are summarised below:


The inclusion of a large number of potential risk factors across multiple studies
increases the likelihood that some significant associations observed will be due
to chance. When multiple hypothesis tests are performed, the probability of
observing a statistically significant association increases as the number of tests
increases (Sedgwick, 2014). Furthermore, it makes delineating the consistency
of findings challenging because multiple indicators are used to measure the
same risk factor (Trone et al, 2014). An example of this would be a situation in
which one study shows that ‘smoked ≥100 cigarettes in life’ is significantly
associated with training injury but ‘smoked in 30 days prior to training’ is not,
while another study shows the opposite.



The two-step backward stepwise regression approach places an implicit
emphasis on the influence of confounders on observed univariable
associations. Indeed, despite many statistically significant associations being
observed in univariable regression models, it is common for only a few to
remain statistically significant in multivariable models. However, the importance
of such findings is often ambiguous because risk factors that are statistically
significant in either univariable or multivariable analyses are often discussed in
the interpretation of the results. When collating findings in a review of the
literature, one must be mindful of those associations that are weakened or
eliminated when other variables are adjusted for. The likelihood of
multicollinearity between similar indicators must also be considered
(Whittingham et al, 2006; Blacker et al, 2008).



In relation to the preceding point, the influence of adjustment for other variables
on specific risk factors is often unknown because in backward stepwise
regression only those variables that are statistically significant at a predefined
significance level remain in the final model. Thus, if self-reported physical
activity or smoking shows a strong dose-response association in univariable
analysis, but is subsequently omitted from the final model, it is not always easy
to discern from the reported results what effect adjustment had on the observed
parameter estimates (see Knapik et al (2013a) and Trone et al (2014) for
examples).
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The popularity of this approach stems from its use by a team of researchers in the US
who have played a key role in the emergence of military injury epidemiology as a field
of research. Although widely criticised, it can be a legitimate approach, particularly
when attempting to identify new risk factors when there is no existing literature (Field,
2013). The review of the injury risk factor literature that follows does not aim to
undermine the importance of studies that have utilised the approach. However, it was
deemed prudent by the thesis author that the issues described above were conveyed
because they became important considerations throughout the critical appraisal and
narrative synthesis process.

Smoking
Smoking is the most widely reported lifestyle risk factor associated with an increased
risk of training injuries among military recruits (Figure 2.9).The causal mechanisms
underpinning this association are not fully understood, but most of the pertinent injury
epidemiology literature cites evidence concerning the physiological and metabolic
consequences of habitual smoking (Knapik et al, 2013a; Knapik et al, 2013b). For
example, smoking can impair the immunological response to tissue damage and
reduce muscular force production, the latter hypothesised to be attributable to the
impact of oxidative stress on hormonal regulation (for review see Sale et al, 2007). It
could be argued that the majority of military recruits are too young at the onset of
training for such chronic effects of smoking to be manifested. However, a young age of
smoking initiation has been found in military recruits who are self-reported smokers so
it not implausible. From a psychosocial perspective, civilian studies have found that
smokers are more likely to be risk takers (O’Cathail et al, 2002; Kipping et al, 2012),
which presents another potential pathway linking this unhealthy behaviour to injuries
during military training.

There is great uncertainty in the precision of many estimates of the association
between smoking and injury risk (as indicated by the error bars in Figure 2.9), but
smokers generally have a 1.5-2 times higher risk of sustaining an injury than nonsmokers. Encouragingly, in studies reporting the independent association between
smoking and injury risk (Knapik et al, 2001a; Munnoch & Bridger, 2007) adjustments
were made for a marker of physical fitness or physical activity, which is an important
confounder.
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US Army (Altarac et al, 2000; <½ pack)
US Army (Altarac et al, 2000; ½-1 pack)
US Army (Altarac et al, 2000; >1 pack)
US Air Force (Billings, 2004; Current)
US Army (Canham-Cherval, 2006; Current)*
US Army (Cowan et al, 2011; Current)
US Army (Grier et al, 2010; Occasional)
US Army (Grier et al, 2010; Frequent)
US Army (Knapik et al, 2001; Current)*
US Army (Knapik et al, 2010)
US Army (Knapik et al, 2013a; 1-9 cigs/day)
US Army (Knapik et al, 2013a; 10-19 cigs/day)
US Army (Knapik et al, 2013a; ≥20 cigs/day)
US Army (Knapik et al, 2013b; 1-9 cigs/day)
US Army (Knapik et al, 2013b; 10-19 cigs/day)
US Army (Knapik et al, 2013b; ≥20 cigs/day)
UK Marines (Munnoch & Bridger, 2007; Current)
UK Marines (Munnoch & Bridger, 2007; 1-9 cigs/day)
UK Marines (Munnoch & Bridger, 2007; ≥10 cigs/day)
US Marine Corps (Trone et al, 2014; 1-9 cigs/day)
US Marine Corps (Trone et al, 2014; ≥10 cigs/day)
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Hazard/odds ratio of training injury

Figure 2.9

40

Forest plot of hazard ratios for the association between smoking and injury risk
during military recruit training. The reference category for all cited studies is nonsmokers. *Hazard ratio from multivariable analyses.

6

There is weak evidence that a dose-response association exists between the number
of cigarettes smoker per day and injury risk (Altarac et al, 2000; Munnoch & Bridger,
2007), but this is far from conclusive. There is, however, some consistency in the fact
that the heaviest smokers have the highest odds of injury (Altarac et al, 2000; Knapik et
al, 2013b; Trone et al, 2014). Notably, the dose-response association appears to be
more apparent in studies that have analysed univariable associations before adjusting
for confounders (Knapik et al, 2010; Knapik et al, 2013a). However, the specific
smoking variable that enables the dose-response association to be assessed is often
omitted in the final statistical model where only the dichotomous smoking variable
remains (a limitation highlighted in the preceding subsection).

In the most recent study included in this review, Trone and colleagues (2014) did not
find any smoking indicator to be an independent risk factor for injury among recruits
undergoing 12 week Marine Corp training. Nonetheless, although not statistically
significant, the unadjusted hazard ratios of smokers were consistently higher (Figure
2.9). This helps to illustrate another point made in the preceding section: the challenge
of comprehensively elucidating the relative importance of a risk factor when the
influence of other factors on its association with training injury is not reported. If
drawing conclusions from studies reporting only unadjusted associations, it must be
borne in mind that the size of the association is likely to be smaller when confounders
are taken into account. This applies to the remaining injury risk factors discussed in this
review.

In prior reviews (Kaufman et al, 2000; Blacker et al, 2005), smoking as an injury risk
factor was supported by only a few studies. In spite of the caveats in terms of
interpreting study results, more contemporary evidence generally provides further
support for these earlier assertions.
Cardiorespiratory fitness
Objectively assessed cardiorespiratory fitness at the start of training, as indicated by
run time over a predefined distance or aerobic capacity, has been thoroughly
investigated as an injury risk factor for recruits (Figure 2.10). In US studies, recruits in
the poorest fitness category (as defined by the study authors) have an increased
likelihood of training injury, with odds similar to those noted for smoking. In British Army
recruits (excluding infantry), higher odds of injury for recruits with slower 2.4 km run
times were reported by Blacker and colleagues (2008), who also demonstrated a
strong dose-response association. Importantly, in most of the studies included in this
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review cardiorespiratory fitness was an independent injury risk factor. This is perhaps
unsurprising given that cardiorespiratory training is a central component of military
recruit training. Recruits who have a greater capacity for undertaking such training will
experience less physiological stress during numerous training tasks, such as loaded
marching or running over long distances, and the onset of fatigue will be delayed.
Fatigue can negatively impact on movement mechanics, thereby increasing injury risk
(Knapik, 2015). The recent proclamation that cardiorespiratory fitness is “the most
influential…component for predicting injury occurrence” (Lisman et al, 2013 p. 640)
therefore seems a justifiable statement.

UK Army (Blacker et al, 2008; Quintile 2)*
UK Army (Blacker et al, 2008; Quintile 3)*
UK Army (Blacker et al, 2008; Quintile 4)*
UK Army (Blacker et al, 2008; Quintile 5, slowest)*
US Army (Knapik et al, 2001; Tertile 2)*
US Army (Knapik et al, 2001; Tertile 3, slowest)*
US Army (Knapik et al, 2010; Quartile 2)*
US Army (Knapik et al, 2010; Quartile 3)*
US Army (Knapik et al, 2010; Quartile 4, slowest)*
US Army (Lisman et al, 2013; slowest 50%)
UK Army (Sharma et al, 2011; slowest 50%)
US Marine (Trone et al, 2014; Quartile 2)*
US Marine (Trone et al, 2014; Quartile 3)*
US Marine (Trone et al, 2014; Quartile 4, slowest)*
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Figure 2.10
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Forest plot of hazard ratios for the association between cardiorespiratory fitness
(as indicated by run time or maximal aerobic capacity) and injury during military
recruit training. The reference category for all cited studies is the fittest group (i.e.
fastest run time or highest maximal aerobic capacity). *Hazard ratio from
multivariable analyses.
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Body mass index
A summary of studies investigating the association between BMI and training injury is
shown in Figure 2.11. Two studies included in the review provided evidence of an
independent association between BMI and injury risk during training. However, the
direction of the association was conflicting. In 986 male Air Force recruits, Billings
(2004) reported that overweight and obese recruits were at significantly greater odds of
reporting a training injury than normal weight recruits. The author cites several other
papers that have shown such a relationship to verify the findings and posit that they
were expected. However, in one of the studies cited to support this statement
(Reynolds et al, 1999), BMI was not measured, and in the other (Jones et al, 1993),
sample sizes were very small and no adjustment was made for confounding in the
analyses. This is a good example of issues identified by the thesis author and
mentioned in the introduction to this subsection.

In a large retrospective observational study of British Army recruits, Blacker et al (2008)
found that those in the lowest BMI quintile had higher risk of injury than all others in
multivariable analyses. Knapik and colleagues, on the other hand, have emphasised
the existence of a bimodal relationship between BMI and injury risk in military recruits
(Knapik et al, 2013a; Knapik et al, 2013b). To understand these findings, it has been
postulated that BMI could be associated with military training injury for two divergent
reasons. First, Knapik et al (2013b) have suggested that recruits with low BMI may lack
the strength necessitated to cope with the arduous tasks inherent in military recruit
training, in particular load carriage. Blacker and colleagues (2008) offered a similar
rationale to explain the results of their study. In contrast, it has also been proposed that
those recruits with a high BMI may be at increased risk of injury because they have to
carry additional weight during arduous load bearing exercise. This would increase the
energy expenditure for any given task leading to an earlier onset of fatigue. The
evidence of a bimodal relationship in the cited studies is, however, weak and they are
based on unadjusted results so it is likely that physical fitness is confounding the
association.
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US Army (Knapik et al, 2013; overweight)a
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Figure 2.11

Forest plot of hazard ratios for the association between BMI and injury during
a
military recruit training. The reference category for cited studies varies: normal
b
c nd
weight lowest quintile 2 quintile. *Hazard ratio from multivariable analyses.

Self-reported physical activity
The association between self-reported fitness/physical activity levels and objectively
assessed physical fitness was noted earlier. The extent to which self-reported activity
predicts training injuries, however, is less clear (Figure 2.12). In one study by Knapik
and colleagues (2010), there was no difference in injury risk when pre-training activity
levels of Air Force recruits were compared without adjustment for confounders. In
contrast, Trone et al (2014) recently demonstrated evidence of a dose-response
association between self-reported activity and injury in 900 male Marine Corps recruits,
with those reporting less or much less activity than their peers more likely to sustain an
injury than more active recruits. However, the association was diminished when
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adjusting for other variables. An investigation into injury risk factors among recruits in
military police training did find the same indicator to be an independent predictor in a
multivariable model (Knapik et al, 2013a) although evidence of a dose-response
association was absent. In an earlier study, again led by Knapik, the same selfreported activity measure was not associated with injury in male Army recruits, but
there was an association with a related measure of exercise frequency (Knapik et al,
2001a). The incongruence in findings between these studies may be due to differences
in the content and duration of the training programmes, as well as large differences in
sample sizes.

It has previously been noted with some certainty that self-reported physical activity is a
prominent injury risk factor among military recruits (Kaufman et al, 2000; Knapik et al,
2013a). As was the case with BMI, and to a lesser extent smoking, the conflation of
results from univariable and multivariable analysis seems to contribute, at least in part,
to this interpretation of the evidence. The present review is unable to offer a definitive
conclusion based on the included studies, particularly if considering the evidence for
independent associations. However, self-reported activity remains an important
exposure to be investigated in risk factor studies, particularly if objective measures of
cardiorespiratory fitness are not feasible.
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US Army (Knapik et al, 2001; ‘same’)
US Army (Knapik et al, 2001; ‘less/much less’)
US Army (Knapik et al, 2010; ‘more’)
US Army (Knapik et al, 2010; ‘same’)
US Army (Knapik et al, 2010; ‘less’)
US Army (Knapik et al, 2010; ‘much less’)
US Army (Knapik et al, 2013a; ‘more’)*
US Army (Knapik et al, 2013a; ‘same’)*
US Army (Knapik et al, 2013a; ‘less’)*
US Army (Knapik et al, 2013a; ‘much less’)*
US Army (Knapik et al, 2013b; ‘more’)*
US Army (Knapik et al, 2013b; ‘same’)*
US Army (Knapik et al, 2013b; ‘less’)*
US Army (Knapik et al, 2013b; ‘much less’)*
US Marine (Trone et al, 2014; ‘same’)
US Marine (Trone et al, 2014; ‘less/much less ‘)
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Figure 2.12

Forest plot of hazard ratios for the association between self-reported physical
activity (compared with peers) and injury during military recruit training. The
reference category for all cited studies was ‘much more active’ with the exception
of Knapik et al (2001) which had a reference category of ‘more/much more
active’. *Hazard ratio from multivariable analyses.

Prior injury
Military recruits who report a previous injury have a higher risk of injury in some
(Knapik et al, 2013a; Knapik et al, 2013b; Lisman et al, 2013), but not all (Knapik et al,
2010), studies. Importantly, however, in two of the former studies, the association loses
statistical significance when accounting for other variables (Knapik et al, 2013a; Knapik
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et al, 2013b). As demonstrated in recent US studies, it may be important to
discriminate the extent to which adequate recovery from a prior injury was made
(Knapik et al, 2013a; Knapik et al, 2013b; Trone et al, 2013). However, more studies
are required to substantiate this finding.

Functional movement
Two recent studies have reported that scores on a series of tests designed to assess
functional movement and biomechanical deficiencies can be used to predict injury risk
among military recruits (O'Connor et al, 2011; Lisman et al, 2013). O’Connor et al
(2011) found that the risk of any injury was twice as high among male officer
candidates with Functional Movement Screen (FMS) scores ≤14, which indicates
poorer functional movement. However, the authors caveated that physical fitness test
results had similar predictive ability and higher sensitivity (i.e. better ability to correctly
predict injured recruits). In contrast to many other military injury epidemiological
studies, no multivariable analyses were performed so it was unclear from the study
whether fitness would be a confounding factor in the relationship between FMS and
injury outcomes. In the other study, however, which had a different research focus but
analysed the same data, Lisman et al (2013) showed that low FMS scores
independently predicted injury occurrence while adjusting for 1.5 mile run time and
other risk factors (including smoking).

Additional support for the importance of biomechanical factors in predisposing recruits
to an increased risk of injury has been provided in a prospective study in the British
Army. Sharma et al (2011) were particularly interested in medial tibial stress syndrome
(MTSS) as an injury outcome which, as a subset of all musculoskeletal injuries, has a
relatively low incidence. It was found that excessive medial pressure on the plantar
surface of the foot during walking was significantly associated with MTSS in a cohort of
468 infantry recruits. Similar findings were reported by Franklyn-Miller et al (2014) in a
recent study of Naval Officer recruits. Although this is encouraging and builds on prior
work conducted in athletic populations, more studies that measure biomechanical
exposures using protocols such as FMS are needed to better establish its legitimacy as
an important injury risk factor.

A note on other lifestyle behaviours
Although smoking and physical activity have received some attention as injury risk
factors in military recruit training, convincing evidence pertaining to the importance of
other lifestyle behaviours – namely alcohol consumption and diet – has yet to emerge.
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This is particularly surprising for alcohol consumption which, as outlined in Section
2.4.2, has been the focus of considerable research attention in the military literature.
Furthermore, acute bouts of intoxication have been linked with diminished physical
performance the following day (website) and it has been hypothesised that reduced
psychomotor functioning and judgment may increase injury risk (ref). It has also been
suggested that excessive alcohol consumption can impair bone formation (24 from
Lappe). A US study by Lappe et al (2001) has been frequently cited to suggest that an
association between alcohol consumption and injury in military recruits may exist.
Although the study did show that recruits who consumed more than 10 drinks per week
were more likely susceptible to injury than those consuming less than 10 drinks per
week, the study was quite specific: it investigated female recruits and considered only
the relatively severe occurrence of stress fracture. Furthermore, the sample of recruits
who consumed more than 10 drinks per week was small, no adjustment was made for
lifestyle confounding (i.e. smoking), and the reference period for the exposure was
unclear (i.e. past month or past year). In light of the negative impacts of alcohol misuse
on the health, wellbeing and performance of military personnel (see Section 2.4.2), it
would be instructive if more future military research considers alcohol use of entering
recruits as a potential injury risk factor.
There is also an absence of evidence in terms of diet as a risk factor for injury. In a
review of the literature, Bergman and Miller (2001) suggested that energy deficit from
restricted dietary intake may increase injury risk and Loucks et al (2011) contend that
this is primarily due to the earlier onset of fatigue and suppression of the immune
system. Calcium, vitamin D and iron (particularly in women) are essential for healthy
bone metabolism and insufficient dietary intake of these nutrients is another
mechanism by which dietary intake is proposed to increase predisposition to injury
(Morton et al, 2012). As mentioned earlier, Canham-Chervak (2006) found that females
in a high risk diet/lifestyle index category were more likely to be injured during training
than females in the low risk category, but the validity of the diet measure was unclear.
Studies that use a validated measure of dietary intake to investigate the association
between dietary factors and injury risk are warranted.

2.5.5

Summary of the epidemiology of training injuries in the military

Injuries sustained by recruits during initial training are one of the major challenges
faced by military organisations worldwide. The morbidity and attrition associated with
training injuries not only comes at a huge personal cost to individuals, but is financially
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and operationally detrimental to the military. The magnitude, characteristics and risk
factors of military training injuries has therefore received considerable research
attention.

The articles included in this literature review show a wide variation in injury rates. This
is most likely explained by differences in training intensity and duration, specific training
programme content and environmental conditions. More commonality is observed with
regard to injury type and location with overuse injuries of the lower body accounting for
most injuries sustained during recruit training.

A large number of prospective observational studies, mostly conducted in US military
populations, have reported risk factors for injury among military recruits. This review
has emphasised the importance of critiquing aspects of study design and analytical
methods when making generalisations about observed risk factors, particularly those
observed in isolated studies. Notwithstanding this important caveat, smoking and
cardiorespiratory fitness have the strongest and most consistent evidence of an
association with injury. Prior injury may increase the risk of injury with recent evidence
highlighting the importance of distinguishing between the extent of recovery made (i.e.
full or partial). There is also emerging evidence to suggest functional movement ability
is important. More research is needed to elucidate the injury implications of other
modifiable risk factors, particularly lifestyle behaviours.

Surveillance and risk factor identification are crucial for injury prevention, providing the
intelligence necessary for determining the current size of a problem, monitoring trends,
and targeting and evaluating interventions. While general conclusions can be
tentatively drawn from existing literature, the most valuable injury intelligence is that
which is specific to the military population of interest.

2.6

Rationale for the current work

This chapter has presented a summary of key academic literature relevant to the study
of lifestyle behaviours and training injuries in military populations. It has been
emphasised that there is a lack of robust, contemporary data on lifestyle behaviours in
the British Armed forces. This is especially the case for recruits. It is important for
military policymakers and recruiters to understand what the most important health
behaviours of incoming personnel are, how they change over time, and how they

49

impact on training success. One major threat to training success is musculoskeletal
injuries. Surveillance of injury rates and associated risk factors is an essential element
in the overall injury prevention process, but study findings are rarely generalisable
between military organisations and services.

The most commonly employed research method for obtaining information on lifestyle
risk factors for injury has been the administration of self-report questionnaires. The
empirical utility of this approach in epidemiological studies has been made clear
through the reviews presented. However, the psychometric properties of the
questionnaires used in previous military investigations have not been well reported.
Furthermore, in studies that have used items from existing questionnaires, the validity
and reliability of responses in military populations have yet to be firmly established.
This is despite the fact that such information is essential in aiding interpretation of data
and its subsequent use in the strategic planning for injury control and prevention. A
valid and reliable method to assess multiple injury risk factors before recruits
commence training is therefore warranted.

The Infantry Training Centre in Catterick is the largest British Army training
establishment; accordingly, infantry recruits represent a large proportion of all British
Army recruits. They perform the most arduous British Army initial training course
(Wilkinson et al, 2008), have the lowest first-time pass rate (40 to 60%), and have the
highest rates of medical discharge due to training injuries (Blacker et al, 2005; Blacker
et al, 2008). It has been recommended that military injury research should be focussed
on groups and environments with the largest potential impact on readiness (Jones et
al, 2000). The work presented in this thesis was commissioned and funded by the
Headquarters Army Recruiting and Training Division (UK Ministry of Defence) in
recognition of the need to better understand lifestyle behaviours and training injuries
among this high-risk population. This lays the foundations for prioritised action required
to improve recruit health and wellbeing during initial training and to evaluate the
effectiveness of such action on longer term military outcomes.

2.7

Strengths and limitations of the literature review process

The literature review process adopted for this thesis offers a structured, objective and
transparent approach to evidence synthesis. The literature search was conducted in a
systematic manner and the processes involved, including search terms and inclusion
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and exclusion criteria, have been documented clearly. Drawing on criteria set out in
popular critical appraisal tools, an attempt has been made to offer a uniquely critical
perspective on the existing literature. Crucially, this has highlighted various gaps in the
literature that help to formulate and justify the current programme of work. Furthermore,
the review process has revealed important implications of analytical design and results
interpretation that are directly relevant to the studies presented in this thesis.

The review of the literature also has limitations. While the principles of the ESRC
guidance informed the approach taken for this review (see Section 2.3.1), the final
approach probably lies somewhere between a narrative synthesis and a more
traditional narrative review. The thesis author was solely responsible for study
screening and data extraction meaning there was no validation from a second
reviewer. Also, a validated checklist was not used to assess the quality of each study
included in the review. These limitations increase the possibility of author subjectivity.
The judgement of whether or not a study was ‘relevant’ for inclusion during the
literature search process was particularly subject to this potential bias. A broader range
of electronic databases may also have identified some additional peer-reviewed papers
or research reports. Finally, the validity and usefulness of visually presenting results
from a range of heterogeneous studies could be challenged. However, it is hoped that
the inconsistencies between studies were appropriately caveated and the visualisations
were effective in summarising key results from a breadth of relevant literature.

51

3

General methods

3.1

Overview

The individual studies presented in this thesis use distinct methodological approaches,
designed to address specific research questions. However, certain aspects of the
methods are consistent across studies. Furthermore, as the study chapters are written
in the format of peer-reviewed manuscripts, the methods employed have been
summarised succinctly. The purpose of this chapter is to present detailed information
on general methods and so justify their inclusion throughout the programme of
research.

3.2

Military Pre-training Questionnaire (MPQ)

In their review of the assessment of physical activity by self-report, Sallis and Saelens
(1997) highlighted that few studies provided a detailed rationale for the design and
development of the measurement tool used. The authors emphasised that such detail
was particularly instructive and recommended that it should be provided in studies that
present new measures (Sallis & Saelens, 2000).

3.2.1

Self-report questionnaires

The assessment of lifestyle behaviours among prospective British Army recruits was a
central component of the current research. Where possible, the most accurate method
is to quantify behaviours using objective measures (Brener et al, 2003; Medical
Research Council, 2014). However, in study designs that require data on lifestyle
behaviours to be collected from a large number of participants, objective measurement
is not usually feasible on the grounds of human and financial resources as well as
participant and investigator burden (Wilcox & Ainsworth, 2009). These practical
considerations can be overcome by the use of self-report questionnaires, which offer
the most efficient method of collecting data from a large number of participants
(Shephard, 2003; van Poppel et al, 2010; Medical Research Council, 2014). They also
enable measurement of multiple behaviours to be measured concurrently.
Consequently, self-report questionnaires have become the most extensively used
method for collecting lifestyle behavioural data in epidemiological and surveillance
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studies and thus offered the most applicable approach in the current research
programme.

Despite their empirical utility in studies with large sample sizes, self-report
questionnaires have a number of important limitations. These include biases pertaining
to sampling method, response rate, social desirability and recall ability. Such biases
must be taken into account when questionnaire data are interpreted and applied
(Brener et al, 2003). As such, they are discussed in more detail throughout this thesis
in the context of the specific research findings presented.

3.2.2

Development of the MPQ: key considerations

The selection of the most appropriate questionnaire to measure lifestyle behaviours is
dependent on a number of factors. Fundamentally, the tool chosen must be driven by
the objectives of the research questions (Sallis & Saelens, 2000; Bradburn et al, 2004;
Valanou et al, 2006; Medical Research Council, 2014). The specific dimensions of
lifestyle behaviour to be measured must be carefully considered in the context of
whether the measures are to be used as primary outcomes in a study or to be explored
as covariates (Medical Research Council, 2014). This presented a challenge to the
current research programme. The overarching aim of the research was to investigate
risk factors for training injuries (Study 4). However, a better understanding of the
prevalence of lifestyle behaviours among prospective recruits was also a key objective
(Study 3). Thus, it was important that the measurement tool selected could be
employed for both of these purposes.
Reliability and validity
The extent to which self-reported lifestyle behaviour is reflective of actual behaviour will
depend on the reliability and validity of the self-report method. Atkinson and Nevill
(1998) define reliability as the consistency of measurements on a test or the absence
of measurement error. For a self-report questionnaire to be considered reliable, its
responses must be reproducible and stable under the conditions in which it is likely to
be administered (Medical Research Council, 2014). Indeed, Brener et al (2003) stress
that “the extent to which a question yields the same response when asked more than
once, is a necessary precondition for validity” (p. 439).

Measurement tools used in epidemiological studies should always be validated
(Schmidt & Steindorf, 2006). Validity refers to the extent to which a measurement tool
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accurately assesses the actual outcome of interest. It can be measured in different
ways depending on the specific category of validity to be tested. The validity of selfreported behaviours is usually subdivided into three main categories: content, criterion
and construct validity (Wilcox & Ainsworth, 2009). The definitions of these categories,
however, are not always consistent. This is particularly the case for criterion and
construct validity and has resulted in different terms being used in validation studies
that aim to test the same validity category (Sallis & Saelens, 2000; Wilcox & Ainsworth,
2009; van Poppel et al, 2010). For the purposes of this thesis, the following definitions
were used:

Content validity:

the extent to which a self-report measure incorporates the domain of
the phenomenon under investigation (Porta, 2008). For example, a
self-report measurement that aims to quantify overall physical
activity may lack content validity if it doesn’t include physical activity
performed at work.

Note: The majority of studies that assess the validity of self-reported
behaviours measure responses against criterion or construct
measures; content validity is often implicitly assumed (van Poppel et
al, 2010).

Criterion validity: the extent to which a self-report measure of behaviour is related to
other measures of the same behaviour deemed to be more accurate
(i.e. ‘criterion’ measures) (Shephard, 2003). For example, the
criterion validity of physical activity could be assessed by
comparison with accelerometry.

Construct validity: the extent to which a self-report measure of behaviour is related to a
different construct that it theoretically should be related to
(Washburn et al, 2000; Porta, 2008). For example, the construct
validity of physical activity could be assessed by comparison with
body fat percentage (Washburn et al, 1987).
The epidemiology of lifestyle behaviours can only be meaningfully described if valid
measures are used. Similarly, interpreting the association between lifestyle behavioural
risk factors and training injuries is dependent on the premise that the risk factors are
reliably and validly explored (Shephard, 2003). The Medical Research Council (2014)
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advises that measurement tools are tested for these psychometric properties before
being applied in research studies. This is the focus of Studies 1 and 2 presented in this
thesis. The statistical methods used to assess these measurement properties are
explored further in Section 3.6.
Questionnaire design
Questionnaire design is also important for the validity of obtained information and
should be appropriate to the characteristics of the population under investigation
(National Statistics Service, 2014). A survey by the Ministry of Defence in 2003/04
found that 41% of recruits at British Army Training Regiments had literary skills at Entry
Level 3 or below, equivalent to those of an 11 year old (House of Commons Defence
Select Committee, 2005). The reading age among recruits at the Infantry Training
Centre Catterick may be even lower (Gee, 2007), an assertion supported by the fact
that infantry recruits typically come from more deprived areas (Bray et al, 2013b). To
minimise the likelihood of the validity of the Military Pre-training Questionnaire (MPQ)
being threatened due to inaccuracies arising from comprehension and cognition factors
(Brener et al, 2003), it was imperative that MPQ items were comprehensible to recruits
with a low reading age.
Questionnaire format
There are two major questionnaire formats: open-ended and closed-response. In an
open-ended question, there are no pre-determined response options; participants
answer in their own words. In contrast, closed-response questions provide respondents
with a fixed list of response options. The less structured open-ended approach can
elicit more detailed information. However, responses can be difficult to encode, analyse
and compare (Polgar & Thomas, 2008). Importantly, respondents can also find such
questions difficult and time-consuming to answer, a particular concern given the low
literacy levels of Army recruits (House of Commons Defence Select Committee, 2005)
and the desire to minimise administrative burden.

Closed-response questions, on the other hand, are easier and quicker for respondents
to answer. A particular strength of closed-response questions is the ability to collect
less ambiguous data that are easier to analyse and compare between individuals and
populations (Bowling, 1997). An accurate but simple categorisation of health
behaviours may be more appropriate and applicable than an attempt at exact
quantification (Shephard, 2003). In large population studies, categorisation also
facilitates investigations of dose-response relationships, which can be more easily
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interpretable (Wareham & Rennie, 1998). The main weakness of closed-response
questions is that the pre-coded response options may not sufficiently encapsulate
respondents’ views. In addition, if questions use a Likert-scale response option,
respondents may avoid using extreme response categories. This is known as central
tendency bias (Nicholls, 2010). Alternatively, in long lists of questions with the same
response categories, some respondents have a tendency to answer all questions with
the same response. This is known as acquiescence bias if the response indicates
agreement (Hinz et al, 2007). In light of the strength and weaknesses of different
question formats, brief closed-response questionnaire items were deemed preferable
for inclusion in the MPQ. Analyses of responses to closed questions in the MPQ in this
programme of research suggest that these biases were not an issue. For example, of
the 1,639 recruits who fully responded to the dietary habits questionnaire, which
contains 24 items with the same response categories, none exclusively answered all
items with the central response option and only five answered all items with the same
answer response.

3.2.3

Development of the MPQ: item selection

It was agreed a priori by the research team that the self-report questionnaire being
developed for the current programme of research studies would include only items on
the four main modifiable lifestyle behaviours: smoking, alcohol consumption, diet and
physical activity (World Health Organization, 2011a). This was for two main reasons:
(1) to ensure that data were collected to enable the key research aims of describing
lifestyle behaviours among British Army infantry recruits and exploring their association
with injury risk to be addressed; (2) to reduce participant burden by making the
questionnaire as brief as possible. Other lifestyle behaviours, including drug use and
sexual behaviour, were excluded due to their more sensitive nature (Brener et al, 2003;
Bray et al, 2009). This decision was subsequently endorsed by the Ministry of Defence
Research Ethics Committee who approved the study (Appendix D).

Item selection for the MPQ occurred in several steps (Bradburn et al, 2004; Polgar &
Thomas, 2008). Items in existing questionnaires used in other military epidemiological
studies, or used to measure lifestyle behaviours in civilian research and surveillance
studies, were identified by a rapid literature search. Data on the psychometric
properties of items were obtained (if available) and considered alongside the other key
considerations outlined in Section 3.2.2 to prioritise options.
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New items were also developed based on a review of literature pertaining to risk
factors for musculoskeletal injuries. Chapter 2 summarises the results of these reviews
for each MPQ domain. Where relevant, MPQ items were made specific to the
population being investigated (i.e. British Army recruits) and wording was made
culturally sensitive and simplified wherever possible. The proposed MPQ was then
discussed among the research team until a consensus on final content was reached.

3.2.4

Development of the MPQ: justification of questionnaire items

Physical activity
Physical activity is a challenging construct to measure. This might, at least in part,
explain the abundance of self-report questionnaires that have been developed to
assess physical activity behaviour (van Poppel et al, 2010; National Cancer Institute,
2014). In fact, Shephard (2003) has asserted that the sheer number of physical activity
questionnaires that have been used indicates that many do not yield either reliable or
valid information.

Prior physical activity level was incorporated into the MPQ using two main approaches.
First, a single-item physical activity question (SPAQ) that asks respondents to compare
their activity levels with others of the same age and sex was included (Washburn et al,
1987; see Section 2.4.4). The SPAQ has been used extensively in military research
and responses have been found to predict injury risk in some (Wilkinson et al, 2011;
Knapik et al, 2013a; Trone et al, 2014), but not all (Knapik et al, 2001a; Knapik et al,
2010) studies (see Section 2.5.4). The SPAQ has also demonstrated test-retest
reliability, construct validity and criterion validity in a number of non-military studies
(Washburn et al, 1987; Washburn et al, 1989; Sternfeld et al, 2000).

Second, the popular Leisure-Time Exercise Questionnaire (LTEQ) was also
incorporated. The LTEQ provides a simple method of assessing free time leisure
activity and captures information on the exercise domains of intensity, duration and
frequency (Godin & Shephard, 1985) thereby providing greater content validity than the
SPAQ (van Poppel et al, 2010). Specifically, LTEQ respondents report how often in a
typical week they participated in mild (e.g. bowling or easy walking), moderate (e.g. fast
walking or easy cycling) and strenuous (e.g. football or swimming) exercise for more
than 15 minutes (Godin & Shephard, 1985). The frequency of participation in mild,
moderate and strenuous categories is multiplied by nine, five, and three respectively,
and summed to create a composite score. The score represents the respondent’s total
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metabolic equivalent energy expenditure (METs) in a typical week. Thus, in contrast to
SPAQ responses, which only permit responses to be ranked into ordered categories,
LTEQ responses can be analysed to provide descriptive statistics such as the mean. It
has been cautioned that most studies that utilise self-reports do not provide accurate
estimates of absolute physical activity levels (Sallis & Saelens, 2000; Helmerhorst et al,
2012), but adequate measurement properties of the LTEQ have been demonstrated in
a range of studies conducted in different populations and settings (Godin & Shephard,
1985; Jacobs et al, 1993; Miller et al, 1994; Godin & Shephard, 1997)

The original LTEQ also included a second question asking respondents how frequently
they participated in leisure-time activities long enough to work up a sweat with
response options of ‘never/rarely’, ‘sometimes’ and ‘often’. Although not used in the
calculation of the total LTEQ score, this simple item has demonstrated reliability and
validity (Godin & Shephard, 1985; Washburn et al, 1990; Jacobs et al, 1993) and was
included in the MPQ.

Other commonly used and widely validated self-report measures of physical activity
were considered, including: the long and short versions of the International Physical
Activity Questionnaire (Craig et al, 2003); the Baecke questionnaire (Baecke et al,
1982); the EPIC-Norfolk questionnaire (Wareham et al, 2002); the Allied Dunbar
National Fitness Survey (Brownbill et al, 2003) used in the national health surveys of
England (National Centre for Social Research, 2008) and Scotland (Scottish
Government, 2014); the Minnesota Leisure Time Activity Questionnaire (Richardson et
al, 1994); and questions used in the Behavioral Risk Factor Surveillance System
(Centers for Disease Control and Prevention, 2014; National Cancer Institute, 2014).
These have distinct advantages, such as encompassing work-related physical activity
and the ability to monitor adherence to national physical activity recommendations.
However, in light of the key considerations of brevity, comprehensibility and time to
complete, these useful questionnaires were deemed less suitable for the purposes of
the present research.

In addition to previously validated items, other items aimed at investigating specific
aspects of the participants’ pre-training exercise behaviour were developed and
incorporated in the MPQ. These were identified in a review of the literature of military
lifestyle behaviours and injury risk factors (Appendix C) and comprised items on
exercise type, frequency of continuous running, and any changes in the amount of
exercise performed in the previous six months. Such information may provide a
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valuable insight into the pre-training physical activity behaviour of recruits and its
influence on injury risk during initial training.
Diet
In epidemiological and population surveillance research, the eating habits of
populations are most often measured through the use of food frequency questionnaires
(FFQs) (Brener et al, 2003; Medical Research Council, 2014). Self-report FFQs offer a
pragmatic method for assessing habitual dietary intake by asking questions concerning
usual frequency of consumption of specific food items or groups over a specific
reference time period (Medical Research Council, 2014). The length of items included
in FFQs is widely varied, ranging from 10 (Bray et al, 2009) to 200 items (Kroke et al,
1999; Centers for Disease Control and Prevention, 2014). Response categories can
also vary in number, with many questionnaires including nine options per question
ranging from ‘never’ to ‘6+ times per day’ (Centers for Disease Control and Prevention,
2014). These characteristics have obvious implications in terms of cognitive difficulty
for respondents (Brener et al, 2003). As with physical activity self-report measures,
tools that ask a greater number of questions can help yield quantitative estimates of
absolute nutritional intake. However, these can be unreliable and it is advised that
FFQs are better employed to assess the ranking of intakes within a population (Cade et
al, 2004).

In order to assess the nutritional habits of recruits prior to entering initial training, a
modified version of the nutrition section of the Rapid Eating and Activity Assessment of
Patients (REAP) was incorporated into the MPQ (Gans et al, 2006). The REAP has
demonstrated excellent reliability scores, correlates well with the Healthy Eating Index
Score (Kennedy et al, 1995) and reflects intake of most food groups and nutrients
related to general dietary guidelines (Gans et al, 2006). Importantly, the REAP has also
been validated with individuals with lower education levels (Gans et al, 2006).
Specifically, the REAP assesses intake of: wholegrains; fruits and vegetables; dairy;
meat; fried foods; fat and oils; sugary drinks and foods; and salt. The REAP also
addresses issues regarding dietary behaviours such as skipping breakfast and eating
out. Such items are commonly featured in other studies assessing the dietary habits of
military personnel and recruits (see Appendix C). Items on alcohol consumption and
physical activity were excluded as these were considered in separate MPQ sections.

An additional item on use of supplements was included in the diet section of the
lifestyle questionnaire. Although the current evidence is limited, nutritional
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supplementation may minimise the risk of musculoskeletal injury (Tengstrand et al,
2007; Maïmoun et al, 2008). In addition, a similar item is used in the Department of
Defense’s Health Related Behaviour Survey (Bray et al, 2009).
Drinking
Different aspects of alcohol consumption can be estimated using self-report measures.
For instance, quantity-frequency methods are commonly incorporated in national
population surveys (Rehm et al, 1999). These ask respondents, on average, how often
they consume a particular drink type and how many drinks they consume on each
occasion. This is because they enable average weekly consumption to be quantified
and compared against recommended guidelines. However, these methods are timeconsuming to administer and are known to substantially underestimate population
consumption based on objective sales data (Robinson et al, 2013). In situations where
the goal is to quickly identify people whose alcohol consumption may result in
increased risk of alcohol-related harm, brief screening tools are more appropriate.

The Alcohol Use Disorders Identification Test (AUDIT) is a ten-item screening tool
initially designed by the World Health Organization to assess hazardous alcohol use in
primary care settings (Conigrave et al, 1995; Babor et al, 2001). The AUDIT has
consistently been found to be a reliable and valid measure of hazardous and harmful
drinking (Saunders et al, 1993; Reinert & Allen, 2007). It is also predictive of alcoholrelated social problems (Saunders et al, 1993; Reinert & Allen, 2007) and has been
shown to be psychometrically robust and feasible in a range of settings, drinking
cultures and populations. To date, the AUDIT has been the most commonly used
screening tool for measuring alcohol consumption and misuse in military studies (see
Section 2.4.2)

Despite its popularity and usefulness, the full AUDIT has been considered by some to
be too lengthy for use in routine practice (National Institute of Health and Clinical
Excellence, 2010). In addition, since the questionnaire is designed to detect alcohol
dependence, some of the questions asked are of a particularly sensitive nature.
Consequently, a range of shorter screening tools have been developed. These include
the Fast Alcohol Screening Test (Hodgson et al, 2002), the Single Alcohol Screening
Questionnaire (Canagasaby & Vinson, 2005) and briefer versions of the AUDIT: the
AUDIT-Primary Care (Piccinelli et al, 1997) and the AUDIT-Consumption (AUDIT-C;
Bush et al, 1998). Each of these tools has been shown to be effective in screening for
potentially harmful drinking behaviour. However, the AUDIT-C was incorporated into
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the MPQ. This was for a number of reasons. First, scores on the AUDIT-C have
consistently demonstrated strong temporal stability and criterion validity in a variety of
subject populations (Reinert & Allen, 2007). Second, the AUDIT-C items are less
personal than those in other brief screening tools. Third, in addition to a composite
score, the AUDIT-C includes an item which provides a useful indicator of ‘binge
drinking’ (Aalto et al, 2009). Fourth, the AUDIT-C is highly correlated with the total
score in the full AUDIT (Rona et al, 2010). Finally, it has been considered appropriate
for use in military settings by the World Health Organization (Babor et al, 2001).
Indeed, the AUDIT-C has been used to assess drinking behaviour in the British
(Henderson et al, 2009; Aguirre et al, 2013) and US Armed Forces (Canham-Chervak,
2006).
Smoking
A comprehensive set of smoking-related questions was incorporated into the MPQ to
allow an accurate documentation of the smoking prevalence, habits and behaviour of
infantry recruits. A meta-analysis by Patrick and colleagues (1994) found that selfreported smoking behaviour has good test-retest reliability. In addition, validation using
biochemical markers (usually cotinine) has mostly found acceptable levels of specificity
(the proportion of self-reported smokers also categorised as smokers according to a
biochemical measure) and sensitivity (the proportion of self-reported non-smokers also
categorised as non-smokers according to a biochemical measure) (Patrick et al, 1994).
This is in accordance with studies performed in military populations (Galanti et al, 1995;
Huerta et al, 2005). Nonetheless, in national population surveys, smoking prevalence
estimates that are adjusted for saliva cotinine levels are about three percentage points
higher than unadjusted estimates (Miller, 2010).

Items selected for the MPQ contained generic questions to enable current smoking
status to be categorised and smoking prevalence to be estimated. Item wording was
based on questions included in the national Health Survey for England (National
Centre for Social Research, 2008). The Cigarette Dependence Scale-5 (CDS-5; Etter,
2005) was included for current smokers. These five items allow the determination of a
dependency score that has been shown to demonstrate better validity and reliability
than other measures of cigarette dependency (Etter, 2005). Importantly, the CDS-5
also enables cigarette pack-years to be calculated, which is useful indicator of past
smoking exposure in epidemiological studies (Thomas et al, 2013). In addition, it also
facilitated the classification of current smokers according to the reported number of
cigarettes smoked per day. This was important to enable any potential dose-response
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relationship between smoking and injury risk to be investigated. This has previously
been shown in US Army recruits (Reynolds et al, 1999; Altarac et al, 2000; Knapik et al,
2001a) but, owing to limited data collection procedures, not in UK Army populations
(Etherington & Owen, 1998; Greeves et al, 2006).

Other items
The MPQ was designed primarily to collect data on pre-training lifestyle behaviours
among British Army infantry recruits which could subsequently be used to investigate
behavioural risk factors for training injuries. However, data on other potential injury risk
factor domains were considered for inclusion, particularly if data to characterise them
were best collected using a retrospective self-report questionnaire. The MPQ therefore
also incorporated items on injury history because, as discussed in Section 2.5.4, prior
injuries have been shown to predict injury risk. Items selected were based on those
used in prior studies (Lappe et al, 2001; Shaffer et al, 2006; Van Middelkoop et al,
2008). Additionally, an item on prior shin pain was included since shin pain is often
indicative of tibial stress fractures (Ruohola et al, 2006), which are a problem in British
Army recruits during initial training (Izard & Bilzon, 2007).

The MPQ is presented in Appendix E.

3.2.5

MPQ administration

Situational context
In study 1, the MPQ was administered to a convenience sample of 58 infantry recruits
who completed the questionnaire in a quiet classroom environment in small groups
(range 2 to 5). A verbal brief was provided by a project investigator in the absence of
military staff. In Studies 2-4, the MPQ was administered to new platoon intakes
(approximately 40 recruits) during their ‘Introduction to Gym’ session in week one of
training. It was not possible for project investigators to verbally brief every new intake of
platoons invited to participate in the study. Instead, selected members of British Army
staff were advised on how to explain the research to recruits including the provision of
instructions for MPQ administration and a verbal briefing script (Appendix F).
Observations of the MPQ being administered by Army staff were performed on various
occasions throughout the study time period to provide reassurance that the MPQ was
being administered appropriately.

62

Sample size determination
The primary purpose of this programme of research was to elucidate risk factors for
training injuries with a particular focus on lifestyle behaviours. Sample sizes in Studies
2 and 3 were therefore a consequence of power calculations performed for Study 4.
The required sample size was estimated based on differences in injury incidence
between smokers and non-smokers. This was because smoking was the lifestyle risk
factor most commonly investigated in military injury investigations and so, unlike for
other health behaviours, an estimated effect size could be calculated. Using data from
Altarac et al (2000), it was determined that a minimum sample size of 371 recruits was
required to detect a 0.2 difference in injury incidence between smokers and nonsmokers at 0.80 power and 5% alpha (two-tailed).

However, this required sample size was based on the number of recruits who were
expected to successfully complete training. First time pass-out rates are as low as 40%
during infantry training (Carter et al, 2006) meaning that the proportion of recruits
discharged or backsquadded (repeating aspects of training) could plausibly be 60%.
Thus, a minimum of 1,030 participants was required allowing for 10% participant
dropout from the study. During a preliminary study meeting at the Infantry Training
Centre, it was advised by Army staff that it would be more meaningful and logistically
more pragmatic to ask all recruits entering training over a one-year period to volunteer
as participants. This was supported by the Ministry of Defence Research Ethics
Committee. A total of 1,960 recruits completed at least part of the MPQ in Studies 2-4
which, in practice, spanned a total period of 17 months.

In accordance with STROBE (von Elm et al, 2007) and Consolidated Standards of
Reporting Trials (CONSORT) guidance (CONSORT, 2014), post-hoc calculations of
statistical power were not performed. Instead, power is indicated in study chapters
using 95% confidence intervals (Smith & Bates, 1992; von Elm et al, 2007).
Minimising response bias by ensuring confidentiality
The accuracy of responses to self-report questionnaires can be affected by the
sensitivity of the items it contains (Bowling, 2005). As mentioned earlier, the MPQ was
designed to exclude questions that might be considered by recruits to be overly
sensitive. However, even with non-sensitive items, it is important that respondents are
assured that the research has a legitimate purpose and that their answers will be
anonymised and kept confidential (Bradburn et al, 2004). These conditions help to
reduce response biases, such as those related to social desirability (Brener et al,
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2003). Social desirability is one of the most common sources of bias affecting the
validity of self-report research findings (Nederhof, 1985) and refers to the tendency of
some respondents to report an answer which they think will be viewed as more
favourable (Bowling, 2005). For instance, Sheppard et al (2013) reported that
estimates of alcohol misuse were consistently higher in studies that ensured participant
anonymity compared with studies that did not. In the epidemiological studies reported
in the present thesis (Studies 2-4), respondents completed the MPQ in the first week of
training. It is reasonable to assume that this is a time when respondents will be keen on
making positive first impressions with Army staff.

A number of steps were taken in an attempt to minimise the potential for social
desirability bias affecting the study results. It was emphasised on the participant
information sheet and consent form, during the verbal brief by Army staff, and on the
front page of the questionnaire that any data collected would be treated in complete
confidentiality and that military staff would not have access to individual participant
results (Appendices E-G). It was also made clear that their responses would in no way
affect the outcome of their training or their military careers. Also, recruits’ names were
not requested in the questionnaire. Instead, service personnel number was requested
and this was covered and sealed using a security protective strip before the
questionnaire was submitted. Finally, participants were instructed to write ‘no comment’
as a response to any question that they did not want to answer. Item non-response is
described in more detail in Section 3.5.4.

3.3

Sociodemographic, anthropometric and physical fitness data

3.3.1

Data collected at British Army selection

Data on recruits’ date of birth, ethnicity, nationality, postcode (for those recruits residing
in the UK), height and body mass are collected at the Army Development and Selection
Centre (ADSC). In addition, prospective infantry recruits are required to complete a
range of physical performance tests as part of the Physical Selection Standards for
Recruits.
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2.4 km run
This test provides a reliable indication of cardiorespiratory fitness (Burger et al, 1990).
Recruits are required to perform a maximal effort 2.4 km run on an outdoor track. The
time taken to complete the distance (s) is recorded with a stopwatch.

Heaves (i.e. pull-ups)
This test provides a measure of upper body strength (Negrete et al, 2013) and is
popular in the Armed Forces. Recruits are required to hang from a wooden beam with
an underhand grip, hands shoulder width apart. From the starting position of arms fully
extended, recruits pull their body up until their chin is above the beam and return to the
starting position. The score is recorded as the number of pull-ups successfully
completed without rest.
Back extension strength
An isometric dynamometer (Lafayette Instruments, Loughborough, UK) is used to
measure recruits’ lower back strength. Recruits stand in an upright position with a
harness around their shoulders which is connected to the dynamometer’s strain gauge.
They are instructed to pull backwards with maximal force for a three second period.
The test is performed twice and the maximum force exerted (kg) is recorded as the test
score.

Static lift strength
Static lift strength is measured using a dynamometer specially developed for the British
Army's selection procedures for new recruits (Lafayette Instruments Europe, 2014). A
pull bar is attached to a high accuracy load cell with a 38 cm chain. Recruits are
instructed to adopt a squat position (feet flat and approximately shoulder width apart,
knees bent and back straight) on a base plate. With arms straight and an overhand
grip, they are instructed to look forward and pull with maximum exertion. The test is
performed twice and the maximum force exerted (kg) is recorded as the test score.

Dynamic lift strength
Dynamic lift strength is measured using a dynamometer specially developed for the
British Army's selection procedures for new recruits and aims to simulate the lifting of
heavy equipment such as ammunition boxes onto the back of a military vehicle
(Lafayette Instruments Europe, 2014). Standing on a platform in the squat position,
recruits hold onto a lifting bar with arms straight and an overhand grip and lift a fixed
weight. The starting weight for males is 30 kg and is increased by 5 kg increments after
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each successful attempt. The maximum weight (kg) safely lifted is recorded as the test
score.
All data collected at the ADSC are stored on the British Army’s Training, Administration
and Financial Management Information System (TAFMIS) database. The TAFMIS
database is also used to record the outcome of recruits who start training (i.e. whether
they pass or are discharged). For Studies 2-4, data on sociodemographic,
anthropometric and physical fitness characteristics at the ADSC, and on training
outcome, were extracted retrospectively for study participants (i.e. those who
completed the MPQ) by staff members in the Department of Occupational Medicine,
Army Recruiting and Training Division (ARTD) using service personnel number.

3.3.2

Data collected during infantry training

To monitor physical fitness progression throughout training, recruits must complete the
Army Physical Fitness Test (PFT) during weeks 1, 14 and 24. The PFT is designed to
monitor fitness components believed to improve military task performance, reduce the
prevalence of fatigue, psychological stress, maintain health, and prevent illness (British
Army, 2002). The PFT consists of a 2.4 km run (as described in Section 3.3.1) and two
tests of muscular endurance:

Press-ups test
The press-ups test measures the muscular endurance of the chest, shoulder, and
triceps muscles. Recruits lie flat on their stomach with their legs straight, feet together
and hands positioned under their shoulders. The press-up involves raising the body by
fully extending the elbow. The body is then lowered by flexing the elbow until the upper
arms are at least parallel to the ground. This counts as one repetition. The body must
remain in a generally straight line throughout the movement. The maximum number of
repetitions completed in a 2 minute period is recorded as the test score. Rest is
permitted during the 2 minute period.
Sit-ups test
The sit-ups test measures the muscular endurance of the abdominal and hip flexor
muscles. The staring position requires recruits to lie flat on their back with their knees
bent (70 to 110°) and a partner holding their ankles thus securing their feet to the
ground. The arms are folded across the chest with fingers placed in the depression of
the clavicle. A repetition involves recruits raising their torso to, or beyond, a vertical
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position (the base of the neck is above the base of the spine). The body is then
lowered until the shoulder blades touch the ground. The maximum number of
repetitions completed in a 2 minute period is recorded as the test score. Rest is
permitted during the 2 minute period.

All PFT results are recorded by British Army staff. Data were obtained retrospectively
for study participants using service personnel number and inputted into a computer
database by a member of the research team. In addition, data on recruits’ training start
date, training platoon, training completion or discharge date and, where relevant,
discharge loss category, are recorded on the TAFMIS database. These administrative
data were extracted retrospectively for study participants by ARTD staff using service
personnel number.

3.4

Injury data

In Study 4, data on injuries incurred by recruits throughout the course of training were
obtained by ARTD staff. An injury was defined as an event that occurred during
training, resulted in damage to the body and for which the recruit sought medical care
(Knapik et al, 2001b). Medical staff at the Infantry Training Centre record details of all
reported injuries incurred by recruits into a computer database. Information is recorded
on date of visit, diagnosis, anatomical location, number of training days lost, injury
outcome and outcome date. Diagnoses included categorisation of injuries into
traumatic or overuse. Traumatic injuries were defined as those caused by a single
abrupt overload of the tissue or joint with sudden onset and usually a known cause
(Knapik et al, 2001a; Ekstrand et al, 2011). Overuse injuries were defined as those
resulting from long-term energy exchanges resulting in cumulative microtrauma over
time (Knapik et al, 2001a). Only data on lower back and lower limb injuries, which
account for the majority of all injuries sustained during military training (Jones et al,
1993; Havenetidis et al, 2011; Wilkinson et al, 2011; Zambraski & Yancosek, 2012),
were made available for analyses. Further information on the categorisation of injuries
is provided in Table 3.1.
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Table 3.1

Information collected by medial staff to describe injuries sustained by infantry
recruits.

Injury
characteristic

Categories

Context

Training; Non-training

Type

Traumatic; Overuse

Diagnosis

Blister; Bruising; Cartilage; Fracture; Laceration; Ligament; Muscle
strain; Non-fracture bone; Non-freezing cold injury; Non-specific soft
tissue; Stress fracture; Tendon

Anatomical
location

Lumbar spine; Pelvis; Thigh; Knee; Shin; Ankle; Foot

Side

Left; Right; Bilateral

Outcome

Return to training; Return to training and further injury; Medical
discharge; Non-medical discharge

3.5

Data management

Good data management practices are essential in research. This section describes the
processes implemented throughout this research programme to ensure that the data
analysed were of high quality, well organised and sufficiently documented (UK Data
Archive, 2002).

3.5.1

Creation of study dataset

Completed MPQs were stored securely by the Senior Medical Officer at the Infantry
Training Centre. At regular intervals, a member of project staff attended the Infantry
Training Centre in order to allocate a random, unique participant ID to study
participants. These were inputted into an encrypted and password-protected electronic
document on a Ministry of Defence computer. This was the only file which made it
possible to link service personnel numbers to participant ID codes and therefore
contained no other information. During project staff visits, questionnaire responses
were inputted into SPSS (Statistical Package for the Social Sciences v19.0, IBM United
Kingdom Limited, Portsmouth, UK) to create an MPQ dataset.
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Data stored in the TAFMIS database were extracted into Microsoft Excel and
participant ID codes were assigned to service personnel numbers using the linking file.
The data were then converted into SPSS to create a TAFMIS dataset. The TAFMIS
dataset was then merged with the MPQ dataset on ID number. Finally, data on PFT
results collected throughout training were inputted into Microsoft Excel and ID codes
were assigned before merging to create a study dataset. Thus, the study dataset
contained all necessary data for analyses, but did not contain service personnel
numbers. Other potentially identifiable data (postcode and date of birth) were extracted
into a separate dataset to derive new variables (income deprivation quintile and age at
start of training; see Section 3.5.3). The derived variables were remerged with the final
dataset and the original variables deleted.

A flow diagram of the data entry and anonymisation protocol is shown in Appendix H.

3.5.2

Data coding and cleaning

SPSS syntax was used to label and code original variables included in the study
dataset. All data were screened for potentially erroneous values, defined as those
outside the range of possible scores or those identified by SPSS as an extreme value
(any case greater than the top 25% of values plus 3 times the interquartile range) (Field,
2013). If the source of error could not be identified and corrected, or the value was
deemed implausible, the erroneous value was excluded from analyses. More detailed
information on the original variables included in the study dataset is provided in the
Data Dictionary in Supplementary Electronic Appendix A.

3.5.3

Derivation of new variables

In each study presented in this thesis, it was necessary to derive new variables from
original variables to facilitate analyses. The definition of derived variables is provided in
the Derived Variable Specification (Supplementary Electronic Appendix B). When new
variables were derived for analyses, the data screening process detailed in Section
3.5.2 was performed to identify potentially erroneous values or extreme outliers.

Development of a measure of socioeconomic status
In addition to derived variables created from original dataset variables, a bespoke areabased measure of recruits’ socioeconomic status was developed by drawing on
external data sources. Initially, postcodes were matched to the smallest geographical
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area at which multiple deprivation scores are available for individual UK countries: the
Index of Multiple Deprivation (2010) was used to obtain deprivation rank scores for
Lower Super Output areas in England (Department for Communities and Local
Government, 2014); the Welsh Index of Multiple Deprivation (2008) was used to obtain
deprivation rank scores for Lower Super Output areas in Wales (Welsh Government,
2014); the Scottish Index of Multiple Deprivation (2009) was used to obtain deprivation
rank scores for datazones in Scotland (Scottish Government, 2014); and the Northern
Ireland Multiple Deprivation Measure (2010) was used to obtain deprivation scores in
Northern Ireland (Northern Ireland Statistics and Research Agency, 2014). Deprivation
rank scores were then categorised into quintiles, with ‘1’ being the 20% most deprived
areas within the recruits’ country of residence and ‘5’ being the 20% least deprived
areas.

However, a subsequent discussion with an expert on the comparability of area-based
deprivation measures in the UK (Dr David Walsh, University of Glasgow) highlighted
that this approach had important limitations. Although very similar, the indices of
multiple deprivation used in each of the UK’s constituent countries use differently
defined data components (Walsh et al, 2010). Based on the approach by Walsh et al
(2010), a composite measure of income deprivation was therefore created to indicate
the proportion of the adult population within the area who were in receipt of key
income-related benefits in 2009: income support; job-seeker’s allowance; and/or
pension credit benefits (NOMIS, 2014). This enabled a consistent approach across UK
countries, but did not guarantee comparability because benefits data for each UK
country are produced for differently sized small areas (the smaller the population size,
the more likely the measure is to pick up small pockets of deprivation) (Reid, 2009).
Nonetheless, the large majority (83%) of recruits resided in England so this is unlikely
to have had a substantive impact.

3.5.4

Missing data

In Studies 2-4, not all participants had a complete dataset because some data were
either missing or identified as erroneous. Different options exist for handling missing
data in analyses. The most common are listwise and pairwise deletion because these
are the usual options in statistical software packages. Listwise deletion means that a
case with a missing value on any variable included in the analyses is excluded.
Although it can reduce sample size and, in turn, statistical power, it is more appropriate
for regression (Allison, 2001; Field, 2013), which was the main statistical technique
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used in this programme of research (see Section 3.6). However, listwise deletion is
inappropriate if missing data are not missing at random as this can introduce bias into
parameter estimates (Allison, 2001). This can be a particular problem in studies using
self-report questionnaires because of item non-response. For example, results from the
MPQ could be biased if non-response is particularly high for a certain item or if recruits
with particular characteristics were less likely to respond. Analyses were therefore
performed to check for systematic differences in missing data. Specifically:
 the percentage of non-response was calculated for each MPQ item;
 sociodemographic characteristics were compared between those with and without
data on key MPQ items from each topic.

The mean item non-response was 2.2%. Only two MPQ items had a non-response of
>5% (n > 98), with the maximum being 7.5% (n = 147) for the final REAP item (the
other item was also in the REAP). However, item non-response was consistently
highest among recruits from the most income deprived areas and in the youngest age
group (aged 17 years). Nonetheless, as this pattern was consistent across MPQ topics,
it suggests that item non-response was not due to the sensitivity of particular
questions. Furthermore, the number of recruits who did not respond within these
sociodemographic groups was very small (~4% of the total number of respondents
within the sociodemographic group) and unlikely to bias results. Listwise deletion was
therefore considered to be the most appropriate method for handling missing data in
the current research. In the results section of each chapter, the sample sizes analysed
are provided (Vandenbroucke et al, 2007).
Post-hoc missing data analyses
Because not all recruits had data on all sociodemographic characteristics, results in
Studies 2-4 could also be biased if MPQ responses were systematically different
between those with and without sociodemographic data. Further missing data analyses
were therefore performed post-hoc:
 MPQ responses were compared between those with and without sociodemographic
data;
 physical performance test results and injury incidence were compared between
those with and without sociodemographic data.
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There were no systematic differences in the proportion of recruits who suffered an
injury during training between those with and without sociodemographic data. Results
for the key items within each MPQ domain were not different between recruits with and
without data on sociodemographic characteristics. The only exception to this was the
SPAQ self-reported activity item: a higher proportion of recruits without
sociodemographic data reported being ‘more active’ or ‘much more active’. Similarly,
recruits with missing sociodemographic data were also more likely to perform better in
physical fitness tests. To assess the impact that this may have had on the
interpretation of the results presented, a sample of analyses in Studies 2-4 that
included these variables were re-run with each sociodemographic characteristic
containing a new ‘missing’ category. This had only a marginal effect on the results and
no impact on their interpretation. Thus, other analyses were not re-run meaning recruits
with missing sociodemographic data were excluded from the analyses in the results
presented.

Full results from all missing data analyses are presented in Appendix I.

3.5.5

Quality assurance

In addition to data screening and cleaning, other practical checks were performed to
provide assurance of data accuracy throughout the data analyses process. To ensure
the merging process had been completed successfully, descriptive statistics (such as
frequencies, means, ranges and sample sizes) were compared between developed
study datasets and original Microsoft Excel datasets. Frequencies of original and
derived variables were also checked to ensure that the correct number of cases was
contained in each category.

3.6

Statistical analyses

The specific statistical analyses performed in each study of this programme of research
are summarised in the individual study chapters. However, the brief descriptions
provided conceal the background reading, assumption testing, robustness checking
and decision making that was required to identify the most appropriate techniques. The
purpose of this section is to provide additional details on these broader considerations
in order to justify the analytical methods performed.
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3.6.1

Assessing reliability

In Study 1, the test-retest reliability of the MPQ is assessed to give an indication of the
reproducibility of results in repeated administrations to the same recruits. Most data
collected by the MPQ are categorical, for which it is widely agreed that kappa and
weighted kappa statistics provide the most appropriate measure of reliability (Streiner &
Norman, 2006; Terwee et al, 2007). For continuous data, however, a wide range of
statistical methods are commonly adopted, typically involving a measure of correlation
and/or a measure of agreement.

Relative reliability
Traditionally, the use of Pearson or Spearman correlation coefficients has been the
most common technique for assessing test-retest reliability (Atkinson & Nevill, 1998). A
high correlation coefficient is interpreted as representing good ‘relative reliability’.
However, these approaches have been widely criticised because they neglect
systematic bias and are largely dependent on variation between individuals (Bland &
Altman, 1986; Atkinson & Nevill, 1998). Consequently, the Intraclass Correlation
Coefficient (ICC) has become a popular statistic in reliability studies because it is more
sensitive to the presence of systematic bias in the data (Atkinson & Nevill, 1998; van
Poppel et al, 2010). The ICC is therefore reported as a measure of test-retest reliability
for continuous MPQ items in Chapter 4. In addition, as suggested by Morrow and
Jackson (1993), 95% confidence intervals around the ICC estimates are also reported.

Absolute reliability
A high correlation between questionnaire responses on two separate occasions does
not necessarily denote good agreement between responses. Thus, an assessment of
agreement is also required to analyse ‘absolute reliability’ (Atkinson & Nevill, 1998;
Hopkins, 2000; Medical Research Council, 2014), which is viewed by some as being
the most important (Hopkins, 2000). Different statistical approaches exist to test
absolute reliability and the strengths and limitations of these have been debated in the
literature (Atkinson & Nevill, 1998; Hopkins, 2000).
Atkinson and Nevill (1998) recommend the use of Bland and Altman’s limits of
agreement (LoA) method because it enables measurement bias to be visually
examined, giving a clear indication of whether or not the data are heteroscedastic.
Scedasticity refers to the extent to which the variance of a measure relates to the
magnitude of the measured variable (Field, 2013). In the context of test-retest reliability
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studies, heteroscedasticity describes a situation when the variance of data measured
on two occasions increases as the measured value increases. An example of this
would be if differences in AUDIT-C scores reported by recruits between the two MPQ
administrations in Study 1 increased as AUDIT-C scores increased. Detecting the
presence of heteroscedasticity is important in reliability assessment because it means
that small, but potentially meaningful, changes in a measure over time, are more
difficult to detect for individuals with higher scores (Atkinson & Nevill, 1998). Further, it
implies a threat to the precision of single measurements.
In light of the above, it is perhaps unsurprising that Bland and Altman’s LoAs are now
routinely reported in reliability studies (van Poppel et al, 2010; Helmerhorst et al, 2012).
Yet, Hopkins (2000) argues that another measure of absolute reliability – the typical
error (or standard error of measurement (SEM)) – is better. He cites a number of
reasons for this assertion. LoA values are dependent on the sample size, thereby
making meaningful comparisons between studies difficult (Hopkins, 2000). In addition,
Hopkins argues that the SEM is more intuitive and more effectively conveys the
underlying concept of reliability: measurement error across repeated measurements.
This is consistent with others who have contended that Bland-Altman plots are more
relevant to studies comparing methods than those assessing reliability (Weir, 2005). In
Study 1, both LoA and SEM statistics are reported. Although Hopkins (2000) suggests
that this is inappropriate because they are closely related, it is consistent with Atkinson
and Nevill’s (1998) recommendation that researchers should cite and interpret a
number of statistical methods for assessing reliability.

3.6.2

Assessing validity

Validity can be defined as the extent to which a measurement instrument assesses the
true exposure of interest and is the focus of Study 2, which examines the validity of the
MPQ. As is the case with statistical assessment of a questionnaire’s reliability (Section
3.6.1), validity can be tested using a variety of statistical techniques. In fact, the same
statistical tests are often used to test both psychometric properties. For example, in
reviews of studies testing the validity of physical activity (van Poppel et al, 2010;
Helmerhorst et al, 2012; Medical Research Council, 2014) and dietary tools (Cade et al,
2004), correlation coefficients were by far the most commonly used. Furthermore, it is
also argued in the validity literature (with strong evidence) that measures of correlation
should not be used in isolation to test validity, but instead should be complemented
with measures of absolute agreement (Cade et al, 2004; Schmidt & Steindorf, 2006).
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Again, the Bland-Altman plot is usually recommended (Cade et al, 2004; Schmidt &
Steindorf, 2006). However, Bland-Altman plots are only useful when assessing
absolute agreement, which requires the units of measurement to be the same for both
measures (Helmerhorst et al, 2012). This was not the focus of the validation carried out
in Study 2.

Another popular statistical test of association used to examine the validity of self-report
questionnaires is regression. Hopkins et al (2009) strongly recommend the use of
regression statistics in validity studies because they can be derived in all validity
studies irrespective of the nature of the measures being compared. Regression
analyses can also be adjusted for potential confounders and, in the case of a
continuous outcome variable (i.e. linear regression), can be used to produce partial
correlation coefficients (Field, 2013). As mentioned above, these can be useful for
making comparisons with other studies.

Some studies that have assessed the validity of self-reported physical activity have
used statistical tests of differences, such as analysis of covariance (ANCOVA; Bowles
et al, 2004; Fogelholm et al, 2006). Multiple regression and ANCOVA are related and
are both variations of the general linear model in statistics (Field, 2013). An advantage
of ANCOVA is that it allows comparison of the estimated adjusted mean of an outcome
variable between groups (e.g. comparing mean run times adjusted for smoking
behaviour and socioeconomic status between recruits self-reporting as being ‘more
active’, ‘less active’ or ‘about the same’ as others of the same age). Adjusted mean
values are intuitive to interpret especially when visually displayed (Fogelholm et al,
2006). In addition, post-hoc analyses can be performed to test whether or not the mean
values between groups are statistically significantly different.

In Study 2, dichotomous, ordinal and continuous MPQ items were compared against a
range of criterion and construct measures. It was also necessary to adjust analyses for
potential confounders. A combination of ANCOVA and multiple logistic regression
analyses were considered to offer the most appropriate and comprehensive analytical
approach. In addition, linear regression models (including partial correlation
coefficients) were performed as sensitivity analysis to complement the main ANCOVA
analysis.
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3.6.3

Regression analyses

Regression was the most commonly used statistical method in this programme of
research. A combination of regression techniques were used to answer different
research questions depending on the type of outcome (or ‘dependent’) variable to be
examined. These included: binary logistic regression (Studies 2 & 3); multinomial
logistic regression (Study 3); and Cox proportional hazards regression (Study 4). While
each of these techniques is unique, key concepts apply to them all and were
considered before finalising the approach specified in the individual study chapters.

Multiple regression method
In multiple regression analyses, there are three main methods for entering independent
variables (exposures and/or confounders) into a model: forced entry; hierarchical; and
stepwise. In Study 2, logistic regression models were fitted to data to examine the
validity of MPQ items against training discharge. The first step in the modelling strategy
was to test the association between the MPQ item and outcome variable in an
unadjusted (i.e. univariable) regression model. If the association was significant (p <
0.10), the model was subsequently adjusted for other variables which, based on prior
evidence, could confound the association (sociodemographic characteristics and
lifestyle behaviours) (Hosmer & Lemeshow, 2000). In the adjusted model, all variables
were entered into the model simultaneously. Thus, although the final model used a
forced entry method, the modelling strategy contained a step harmonious with
hierarchical regression (Field, 2013).

The forced entry method was also considered the most appropriate method to examine
associations between sociodemographic characteristics and lifestyle behaviours in
Study 3. The variables entered into the models had previously been shown to be
associated with lifestyle behaviours in other populations.

The modelling strategy and regression method used in Study 4 was inconsistent with
Studies 2 and 3. All potential risk factors for training injury were initially examined using
unadjusted regression. Only risk factors that were significant at the p < 0.10 level in
univariable analyses were entered into multivariable regression models. This contrasts
Studies 2 and 3 in which multivariable models were adjusted for certain confounders
(sociodemographic variables and lifestyle behaviours) without first examining their
individual univariable associations with the outcome variable. Furthermore, backward
stepwise regression was used in the multivariable model, which is a technique widely
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criticised for relying too heavily on mathematical criteria often at the expense of
theoretical and evidence–based judgement (Whittingham et al, 2006; Field, 2013). This
is despite the fact that the risk factors included in Study 4 have previously been
associated with injury risk, which would suggest forced entry or hierarchical regression
would be more suitable (Field, 2013). However, backward stepwise regression is the
most commonly employed technique for investigating injury risk factors in military
settings and so was used in this study for consistency (Knapik et al, 2001a; Knapik et
al, 2001a; Blacker et al, 2005; Blacker et al, 2008; Wilkinson et al, 2011; Knapik et al,
2013a). The forced entry method was instead used as sensitivity analyses (Section
3.6.4).

Checking assumptions and model robustness
Most regression techniques make a number of assumptions about the variables being
analysed. Violations of these assumptions can lead to biased results and inaccurate
interpretations (Field, 2013). A number of statistical diagnostic tests were therefore
performed to check assumptions and model robustness. These are described briefly
below, using examples from the analyses undertaken for the study chapters where
appropriate. For brevity, the results from all of the diagnostic tests performed are not
presented in this thesis; however, they are available in Supplementary Electronic
Appendices C-F.

Linear regression models (Study 2 sensitivity analysis):
 A statistically significant (p < 0.05) F-ratio in analysis of variance (ANOVA), which
tests whether or not the model is better at predicting the outcome variable than
using the mean, was taken as evidence that the model suitably fitted the data (Field,
2013).
 The large sample size obtained in Study 2 (n = 1,960) may have precluded the need
to assess the assumption of normally distributed residuals (Field, 2013).
Nonetheless, this assumption was checked using normal probability (P-P) plots
(Pallant, 2007; Field, 2013). For example, Figure 3.1 shows the normal P-P plot of
data in the model used to examine the association between the self-reported SPAQ
and different criterion validation measures after adjustment for sociodemographic
characteristics and other lifestyle behaviours. In Figure 3.1a (2.4 km run time during
week one of training), the data points lie close to the diagonal line indicating no
major deviations from normality. However, in Figure 3.1b (sit ups score during week
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14 of training), there is deviation from the diagonal line indicating a violation of this
assumption.

(a)

(b)

Figure 3.1

Normal P-P plot used to check assumption of normally distributed residuals in
adjusted linear regression models testing the association between the selfreported SPAQ and (a) 2.4 km run time during week one of training and (b) situps score during week 14 of training.

 The Durbin-Watson test was used to check the assumption of independent errors in
model residuals (Field, 2013). Values between 1.5 and 2.5 were considered
acceptable (Pallant, 2007; Field, 2013).
 All variables included in the models were checked for zero variance. Zero variance
existed only for dynamic lift strength measured at the ADSC. This variable was
therefore excluded from analyses.
 Standardised residuals were plotted against standardised predicted values to check
the assumption of homoscedasticity. Figure 3.2a shows this scatterplot for the
model used to examine the association between self-reported diet (REAP score)
and BMI after adjustment for other variables. The assumption of homoscedasticity is
met because there is no clear relationship between the residuals with most scores
concentrated along the zero line. In contrast, Figure 3.2b shows the scatterplot of
predicted and actual residuals for the univariable model used to examine the
association between LTEQ score and press-ups score during week one of training.
The distribution of residuals demonstrates funnelling which is typical of
heteroscedasticity (Field, 2013).
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(a)

(b)

Figure 3.2

Plots of standardised residuals against predicted (fitted) values in the linear
regression models used to examine the association between (a) self-reported diet
(REAP score) and BMI (adjusted) and (b) LTEQ score and press-ups score
during week one of training (unadjusted).

 The presence of multicollinearity between independent variables in multiple
regression models was tested using Variance Inflation Factor (VIF) and tolerance
statistics. Specifically, VIF values greater than 10 or tolerance statistics less than 0.2
were treated as potential violations of this assumption (Field, 2013).
 Undue influence of extreme cases was checked by ensuring that <5% of
standardised residuals had values of ±2 and that no cases had a Cook’s Distance
value of greater than one (Field, 2013).

Logistic regression (binary and multinomial) models (Study 2 and Study 3):
 A statistically significant chi-square value (p < 0.05) of the -2 x log-likelihood
statistic, and a non-significant (p ≥ 0.05) Hosmer-Lemeshow Test, was considered
evidence of a good model fit (Pallant, 2007; Field, 2013).
 Cases exerting undue influence on logistic regression models were identified using
Cook’s distance and standardised residuals as described above for linear regression
models.
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3.6.4

Assumptions in Analysis of Covariance

ANCOVA was used to assess the validity of physical activity measures in the MPQ in
Study 2 and has similar assumptions to other linear models. Indeed, the following
diagnostic tests outlined above for linear regression models were used to check
ANCOVA assumptions: normally distributed residuals; homoscedasticity; and non-zero
variance. However, there are two additional assumptions that must be checked when
performing ANCOVA. These are described briefly below.


Levene's Test of Equality of Error Variances was used to assess the
assumption of homogeneity of variances. A statistically significant (p < 0.05)
test result provides evidence to suggest that variances are not equal and that
the assumption has been violated (Pallant, 2007).



Interaction terms between covariates and the independent variable were
entered into ANCOVA models to test the assumption of homogeneity of
regression slopes. Statistically significant (p < 0.05) interactions indicate that
the assumption has been violated.

3.6.5

Violation of assumptions

In statistical models in which any of the above assumptions were violated,
bootstrapping was performed as sensitivity analyses (Section 3.6.4). Bootstrapping is a
technique that is robust to violations of assumptions (Field, 2013). Results from the
original and bootstrapped analyses were then compared. In all instances the results
were similar between methods, interpretations did not change, and so results from
original analyses only are presented throughout the rest of this thesis (Vandenbroucke
et al, 2007). However, an example is provided in Table 3.2, which compares original
and bootstrapped results for the adjusted linear regression model used to examine the
association between the SPAQ and sit-ups score during week 14 of training (see
Figure 3.1b). In addition, Table 3.3 compares original and bootstrapped results for the
ANCOVA model used to test for differences in press-ups score during week 24 of
training between SPAQ categories in which the assumption of homogeneity of
variances was violated.
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Table 3.2

Results for the adjusted linear regression model used to examine the association
between the SPAQ and sit-ups score during week 14 of training based on original
and bootstrapped (1000 samples) analyses.
Sit ups score during week 14
Original results
β

95% CI

Bootstrapped results
β

p

95% CI

p

Self-reported activity
Much more active

Ref

Ref

More active

-2.0

-4.0

0.1

0.06

-2.0

-4.4

0.1

0.09

About the same

-3.1

-5.2

-1.0

0.004

-3.1

-5.2

-0.8

0.007

Less active

-5.0

-7.2

-2.7

<0.001

-5.0

-7.6

-2.6

0.002

Much less active

-5.5

-9.2

-1.9

0.003

-5.5

-8.9

-2.0

0.004

Table 3.3

Results for the ANCOVA model used to examine differences in press-up score
during week 14 of training between SPAQ categories based on original and
bootstrapped (1000 samples) analyses.
Much less
active

Less
active

About the
same

More
active

Much more
active

-2.6
(-8.6 to 3.5)

-4.4
(-10.1 to 1.4)

-8.5
(-14.2 to -2.7)a

-11.4
(-17.7 to -5)a

-0.4
(-4.1 to 3.0)

-3.9
(-7.3 to 0.0)

-9.5
(-13.0 to -5.3)b

-13.2
(-17.4 to -7.1)b

2.6
(-3.5 to 8.6)

-1.8
(-4.9 to 1.3)

-5.9
(-9.1 to -2.8)a

-8.8
(-12.9 to -4.7)a

0.4
(-3.0 to 4.1)

-3.5
(-5.3 to -0.6)c

-9.1
(-11.4 to -5.6)b

-12.9
(-16.1 to -7.4)b

Much less
active

Less
active

About the
same

More
active

Much more
active

4.4
(-1.4 to 10.1)

1.8
(-1.3 to 4.9)

-4.1
(-6.7 to -1.5)a

-7.0
(-10.7 to -3.3)a

3.9
(-0.0 to 7.3)

3.5
(0.6 to 5.4)c

-5.6
(-8.6 to -2.4)b

-9.4
(-13.0 to -4.5)b

8.5
(2.7 to 14.2)a

5.9
(2.8 to 9.1)a

4.1
(1.5 to 6.7)a

-2.9
(-6.6 to 0.8)

9.5
(5.3 to 13.0)b

9.1
(5.6 to 11.4)b

5.6
(2.4 to 8.6)b

-3.8
(-8.1 to 1.8)

11.4
(5 to 17.7)a

8.8
(4.7 to 12.9)a

7.0
(3.3 to 10.7)a

2.9
(-0.8 to 6.6)

13.2
(7.1 to 17.4)b

12.9
(7.4 to 16.1)b

9.4
(4.5 to 13.0)b

3.8
(-1.8 to 8.1)

Notes: SPAQ, Single-item Physical Activity Questionnaire. Means adjusted for income deprivation quintile,
ethnicity, smoking status, age, body mass index, alcohol consumption and smoking status.
a

p < 0.001, b p < 0.01, c p < 0.05.
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3.6.6

Sensitivity analyses

Sensitivity analyses were performed in each study to investigate the impact of
decisions made in the statistical analyses performed. In accordance with the
Strengthening and Reporting of Observational Studies in Epidemiology (STROBE)
recommendations, detailed findings are not presented for them all, particularly when
they were consistent with the main results presented (Vandenbroucke et al, 2007).

3.7

Study reporting

The way in which research is presented is as important as the collection and analysis
of data (Strasak et al, 2007). Reporting of observational research should be detailed
enough to assess the strengths and weaknesses of the study. In an attempt to improve
the quality of reporting of observational research, a team of methodologists,
researchers and editors developed the STROBE statement to provide guidance on the
key features of studies that should be included in a report. The statement consists of a
checklist of 22 items and was used throughout this thesis to ensure that key items were
addressed. Additionally, a number of other sources were consulted to ensure that
results are presented clearly in text, tables and charts, and provide all necessary
information (Pallant, 2007; Strasak et al, 2007; American Psychological Association,
2009; Field, 2013).
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4

Study 1: Test-retest reliability of the Military Pretraining Questionnaire

4.1

Abstract

Background
Musculoskeletal injuries are a significant cause of morbidity during military training. A
brief, inexpensive and user-friendly tool that demonstrates reliability and validity is
warranted to effectively monitor the relationship between multiple predictor variables
and injury incidence in military populations.
Aim
To examine the test–retest reliability of the Military Pre-training Questionnaire (MPQ),
designed specifically to assess risk factors for injury among military recruits across five
domains (physical activity, injury history, diet, alcohol and smoking).

Methods
Analyses were based on a convenience sample of 58 male British Army recruits.
Kappa (К), weighted kappa (Кw) and intraclass correlation coefficients (ICC) were used
to evaluate the two week test–retest reliability of the MPQ. Absolute reliability was
assessed using Bland-Altman plots and the coefficient of repeatability. For index
measures constituting the assessment of a given construct, internal consistency was
assessed by Cronbach’s alpha (a) coefficients.

Results
Reliability of individual items ranged from poor to almost perfect (К range = 0.45 to
0.86; Кw range = 0.11 to 0.91; ICC range = 0.34 to 0.86) with most items demonstrating
moderate reliability. Overall scores related to physical activity, diet, alcohol and
smoking constructs were reliable (ICCs = 0.63 to 0.85) and there was no evidence of
systematic bias between administrations. Support for the internal consistency of the
incorporated alcohol (α = 0.78) and cigarette (α = 0.75) scales was also provided.
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Conclusion
The MPQ is a reliable self-report instrument for assessing multiple injury-related risk
factors during initial military training. Further assessment of the psychometric
properties of the MPQ (e.g. different types of validity) with military populations/samples
will support its interpretation and use in future surveillance and epidemiological studies.

Key words
Reliability; questionnaire; alcohol; diet; injury; military; physical activity; risk factors;
smoking.

4.2

Introduction

Musculoskeletal injuries are a major cause of morbidity during initial training in military
populations, often resulting in loss of valuable training time, reduced performance and,
in cases of severe injury, permanent medical discharge (Braithwaite et al, 2009). This
is not only a high personal cost to individuals but can also result in substantial financial
and personnel losses to military organisations (Blacker et al, 2008). A key to the
aetiology, prevention and treatment of these training related injuries lies in an
understanding of their associated risk factors. The collection of epidemiological data
over the past decade has represented an essential research method in the
identification of risk factors for injury incidence among military recruits worldwide.
Indeed, this forms a crucial step in the overall injury control process by providing the
information necessary to design, implement and evaluate intervention strategies (Jones
& Knapik, 1999).

In addition to those risk factors that cannot be modified (e.g. age and race), the
association between injuries and other intrinsic characteristics prior to entering military
service have been extensively investigated. As explained in detail in Chapter 2,
physical fitness, smoking status and physical activity are the most widely reported
among military recruits and personnel (see Section 2.5.4) Other studies and
commentaries have suggested that past injuries (van Gent et al, 2007), alcohol
consumption (Lappe et al, 2001) and dietary habits (Schneider et al, 2007) may be
important risk or protective factors for injury. The most commonly employed research
method for obtaining such information has been the administration of self-report
questionnaires. The empirical utility of this approach in epidemiological studies is
apparent. However, the psychometric properties of the questionnaires used in previous
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military investigations have not been well reported. Furthermore, in studies that have
used items from existing questionnaires, the validity and reliability of responses in
military populations have yet to be firmly established. This is despite the fact that such
information is essential in aiding interpretation of data and its subsequent use in the
strategic planning for injury control and prevention.

In studies designed to prospectively investigate risk factors for injury, it is also
imperative that the influence of multiple risk factors is examined simultaneously in order
to minimise confounding (Jones et al, 2004). The Military Pre-training Questionnaire
(MPQ) has been developed to offer a brief, inexpensive and easy to administer method
to assess several important characteristics of recruits before they commence training.
The MPQ may therefore provide a means to effectively monitor the relationship
between multiple predictor variables and injury risk. This, in turn, will help to identify
prospective recruits at increased susceptibility to training injuries. The purpose of the
present work was to perform an initial psychometric evaluation of the MPQ by
assessing the test–retest reliability and internal consistency of its items and scales
within a representative sample.

4.3

Methods

4.3.1

Study design

Fifty-eight male British Army infantry recruits (mean age 20 years, standard deviation
2.8 years), who were undertaking the Combat Infantryman’s Course at the Infantry
Training Centre, Catterick, UK, were invited to participate in the study. The sample size
was based on the recommendation that at least 50 subjects are included in studies that
estimate test-retest reliability of quantitative variables (Rankin & Stokes, 1998; van
Poppel et al, 2010). Administration of the questionnaire was performed on two separate
occasions to small groups of recruits (range 2 to 5) in a quiet environment. The median
time between administrations was 14 days (range 12 to 16 days). Questionnaires were
completed in ~15 to 20 min under the supervision of a project investigator, and
participants were encouraged to seek advice on any items they did not fully
understand. The work was conducted as part of a larger prospective cohort study to
assess the relationship between MPQ risk factors and injury incidence among British
Army infantry recruits that had approval from the Ministry of Defence Research Ethics
Committee.
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4.3.2

Development of the MPQ

A detailed description of the MPQ is provided in Section 3.2. In brief, items for the MPQ
were either selected from existing questionnaires or developed based on a review of
literature pertaining to risk factors for musculoskeletal injuries. Where relevant and with
ecological validity in mind, questions were made specific to the population being
investigated in this study (i.e. British Army recruits). The questionnaire was divided into
five main sections: physical activity; diet; alcohol; smoking; and injury history.

4.3.3

MPQ feasibility

The readability of the questionnaire was tested using the Flesch Reading Ease Score
and Flesch-Kincaid Grade Level readability statistics (Microsoft Word 2007, Microsoft
Corporation, Redmond, Washington). The feasibility of implementing the MPQ with
British Army recruits was assessed upon completion of the first administration.
Participants answered a question regarding the questionnaire’s ease of use and
understanding. The assessment was on a 4-point scale (1 = very easy, 2 = fairly easy,
3 = fairly hard, 4 = very hard).

4.3.4

Statistical analyses

Test–retest reliability was assessed for each individual item using the simple kappa (К)
statistic for categorical variables and weighted К (Кw) with quadratic weighting for
ordered categorical variables. When an individual item had a number of subcategories, test–retest reliability was assessed for each sub-component.

Intraclass correlation coefficients (ICC) based on a one-way random effects model
(ICC1,1) were calculated to assess the relative test–retest reliability of continuous
variables (Fleiss, 1986). This included overall index scores for the LTEQ (including
sub-scores), REAP, AUDIT-C and CDS-5.

The strength of agreement between test–retest responses for both categorical and
continuous variables was characterized according to the ratings suggested by Landis
and Koch (1977): poor = 0 to 0.2, fair = 0.2 to 0.4, moderate = 0.4 to 0.6, substantial =
0.6 to 0.8 and almost perfect = 0.8 to 1.0. Cutoffs for qualitative ratings of agreement
based on ICC values were those provided by Cicchetti (1994): poor for ICC values less
than 0.4, fair for values between 0.4 and 0.6, good for values between 0.6 and 0.75,
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and excellent for values >0.75. 95% confidence intervals are also presented to provide
an indication of the precision of reliability estimates (Morrow & Jackson, 1993).

In accordance with recommendations that a number of statistical methods should be
used for assessing reliability (Atkinson & Nevill, 1998; Weir, 2005; see Section 3.6.1 for
further discussion), the absolute reliability of MPQ scale scores (Leisure Time Exercise
Questionnaire (LTEQ); Alcohol Use Disorders Test - Consumption (AUDIT-C); Rapid
Eating Assessment for Patients (REAP); and Cigarette Dependency Scale-5 (CDS-5))
was also assessed. First, to enable easy identification of systematic bias and
heteroscedasticity, Bland and Altman’s limits of agreement (LoA) method was used
(Bland & Altman, 1986). The difference between MPQ scores was plotted against the
mean score for each respondent. LoAs represent the range within which the ‘true’
value of the difference between MPQ administrations would be expected to lie 95 times
out of 100 and were calculated as:
95% LoA = mean difference ± 1.96 x SD
where SD is the standard deviation of the mean difference. In addition to visual
inspection, systematic bias was also assessed using the 95% confidence interval of the
mean difference while heteroscedasticity was statistically tested by calculating the
correlation between the absolute differences between test-retest scores and the mean
of both scores against the null hypothesis of r = 0.

Second, the standard error of measurement (SEM) was calculated for the same MPQ
scale scores using the following equation (Weir, 2005):

SEM  SD 1  ICC
where SD is the sample standard deviation and ICC is the calculated intraclass
correlation coefficient. The enabled determination of the coefficient of repeatability
(CR), which provides the 95% confidence interval of the difference in scores between
paired observations (Vaz et al, 2013), and was calculated as:

CR  1.96  2  SEM
For index measures related to the same construct, internal consistency was assessed
after the first administration by calculating Cronbach’s alpha (α) coefficients. Only
certain questions on alcohol drinking (AUDIT-C) and smoking (CDS-5) were amenable
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to such assessment. Internal consistency was deemed acceptable if Cronbach’s α was
>0.7 (Landis & Koch, 1977), which is the standard threshold of acceptability for pilot
studies (Lance et al, 2006).

Where possible, additional analyses were performed on data drawn from the larger
sample of British Army infantry recruits involved in the larger epidemiological studies
presented in this thesis (Chapters 6-8). A subsample of these recruits completed the
smoking section of the MPQ during their medical examination on exit from training (this
included recruits exiting for different reasons: discharged as of right, medically
discharged or those who completed training). Thus, test-retest reliability could be
assessed for the following smoking-related items: whether or not respondents had ever
smoked a cigarette (n = 507) and age when first smoked (n = 309). The median time
between administrations in this larger sample of recruits was 194 days (mean = 167
days; range 19 to 851 days).

All statistical analyses were conducted using Stata Version 10 (StataCorp LP, College
Station, Texas, USA) and IBM Statistical Software for the Social Sciences version 19
(IBM United Kingdom Limited, Hampshire, UK).

4.3.5

Sensitivity analyses

Sensitivity analyses were performed to assess the impact of excluding outliers from the
analyses. Outliers are responses that differ greatly between separate administrations
and can have a large influence on the ICC of continuous measures. An outlier was
defined as an observation exceeding three standard deviations from the mean
difference between administrations (Evenson & McGinn, 2005). Results based on
analyses excluding outliers are described in the text, although both ICCs are presented
in the Results tables.

4.4

Results

4.4.1

Questionnaire feasibility

The MPQ had a Flesch Reading Score of 62.2 and a Flesch-Kincaid Grade Score of
8.0, which equates to a reading age of approximately 13-14 years of age. Almost all
participants found the MPQ either very easy (62%) or fairly easy (36%) to complete
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with only one respondent reporting that they found it fairly hard. No respondents
deemed the questionnaire very hard to complete.

4.4.2

Physical activity

Items pertaining to physical activity showed fair to almost perfect reliability (range 0.34
to 0.85; Table 4.1). When the total score was assessed, the LTEQ demonstrated good
test-retest reliability [ICC1,1 = 0.75 (95% confidence interval 0.61 to 0.85); Table 4.6].
No systematic change in the mean LTEQ score was noted between measurements
[-1.05 (-5.21 to 3.11)]. However, the CR and 95% LoA range were relatively wide
(Table 4.5 and Figure 4.1), suggesting that an individual recruit’s LTEQ score would
need to change by approximately 30 units between two administrations to be confident
of a real change.

4.4.3

Diet

The reliability of individual questions on the REAP ranged from poor to substantial
(range 0.11 to 0.74). The majority of items, however, demonstrated moderate
agreement between administrations (Table 4.2). The overall REAP score, calculated by
totalling the score of the individual items (Gans et al, 2006), had good relative reliability
[ICC = 0.67 (0.57 to 0.79), Table 4.5]. There was no evidence of systematic bias using
tests of absolute agreement (Table 4.5 and Figure 4.2). Bland-Altman LoAs and the CR
were similar (~0.40) and indicate that if using the REAP to assess individual changes
over time, respondent’s score would be required to either increase or decrease by
approximately 22% (CR/mean of all REAP scores; Wang et al, 2012).

4.4.4

Alcohol consumption

The alcohol items of the MPQ showed substantial to almost perfect agreement across
administrations (Table 4.3). The item on frequency of alcohol consumption in the past
year had the highest reliability [Кw = 0.81 (0.78 to 0.85)]. In contrast, the item asking
respondents the typical number of drinks they consumed when drinking alcohol in the
past year was the least reliable item in this section [Кw = 0.63 (0.55 to 0.75)]. The
reliability of the overall AUDIT-C score was high [ICC1,1 = 0.90 (0.84 to 0.94)] and there
was no evidence of systematic bias or heteroscedasticity (Table 4.5 and Figure 4.3).
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4.4.5

Smoking

Whether or not respondents had ever smoked a cigarette [К = 0.86 (0.71 to 1.00)] and
the current smoking status of respondents [К = 0.80 (0.61 to 0.99)] demonstrated
almost perfect reliability (Table 4.3). The reliability of self-reported smoking history was
also very high between test and retest [ICC1,1 = 0.86 (0.78 to 0.92)]. Individual items on
the CDS-5 ranged in their reliability from substantial to almost perfect. The overall
CDS-5 scale score showed excellent reliability [ICC1,1 = 0.85 (0.67 to 1.00); Table 4.5].
Consistent with the other health behaviours, the repeatability of the CDS-5 among
recruits was not subject to systematic bias (Table 4.5 and Figure 4.4). The CR
suggests that an approximately four point change in CDS-5 score over time within a
recruit could be statistical evidence of a real change.

The reliability of several smoking-related items was weakened when the MPQ was
administered over a longer time period (Table 4.6). Nonetheless, substantial reliability
was still demonstrated for the item asking whether or not respondents had ever
smoked [К = 0.72 (0.65 to 0.79)]. Similarly, for those respondents who had smoked,
reported age at first cigarette again showed excellent reliability between test and retest
[ICC1,1 = 0.83 (0.79 to 0.86)].
4.4.6

Injury history

All items related to injury history demonstrated moderate to almost perfect agreement
(range 0.49 to 0.86, Table 4.4). The highest reliability was found for the item pertaining
to prior bone fracture [К = 0.86 (0.73 to 0.99)]; injury recall in the past year had the
lowest reliability [К = 0.49 (0.24 to 0.73)].

4.4.7

Internal consistency

Both the AUDIT-C (α = 0.95) and CDS-5 (α = 0.75) had high internal consistency. This
was further supported by the follow-up analyses of data collected from a larger sample
of recruits [AUDIT-C, α = 0.77 (n = 1913); CDS-5, α = 0.78 (n = 975)].
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Table 4.1

Test-retest reliability of physical activity items in the MPQ.

Items

Test-retest
reliability

Response options

n

95% CI

Much less / slightly less /
about the same / slightly
more / much more

58

0.71

a

0.67 to 0.83

Hard, tiring exercise (heart beats
rapidly and get out of breath quickly)

number of times a week

58

0.85

b

0.77 to 0.91

Moderate exercise (fairly tiring but not
exhausting)

number of times a week

58

0.51

b

0.29 to 0.67

Mild exercise (small amount of effort)

number of times a week

58

0.34

b

0.10 to 0.55

Mild exercise (small amount of effort)

number of times a week

57

0.50

b

0.27 to 0.67

In a typical week before joining the
Army, how often during your spare
time did you do any activity long
enough to work up a sweat?

Never or rarely / sometimes
/ often

58

0.61

a

0.59 to 0.61

Running

Yes / No

58

0.51

c

0.28 to 0.74

Team sport: football, rugby, hockey
etc.

Yes / No

58

0.70

c

0.51 to 0.89

Swimming

Yes / No

58

0.78

c

0.56 to 0.99

Cycling

Yes / No

58

0.83

c

0.63 to 1.00

Weight training

Yes / No

58

0.45

c

0.21 to 0.67

In the 6 months before joining the
Army how often did you complete a
continuous run (steady pace)?

Never / less than once a
month / 1-3 times a month /
1-2 times a week / 2-4 times
a week / 5 or more times a
week

58

0.72

a

0.64 to 0.75

In the 6 months before joining the
Army how much did you change the
amount of exercise you did compared
to the 6 months before that?

Increased a lot / increased /
did not change / decreased
/ decreased a lot

58

0.67

a

0.57 to 0.77

Physical Activity
Before joining the Army, how active
do you think you were compared with
other the same age as you?
In a typical week before joining the
Army, how many times did you do the
following kinds of exercise for more
than 15 minutes during your spare
time?

What type of exercise did you do the
most before joining the Army?:

a

b

c

Kappa. ICC1,1. Weighted kappa.
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Table 4.2

Test-retest reliability of diet items in the MPQ.

Items

Response options

n

Testretest
a
reliability

95% CI

Diet
In an average week, how often do
you:

a

Skip breakfast?

58

0.41

0.25 to 0.44

Eat 4 or more meals from sit-down or
take-out restaurants?

58

0.49

0.41 to 0.66

Eat more than 3 servings of whole
grain products a day?

58

0.51

0.43 to 0.63

Eat more than 2-3 servings of fruit a
day?

58

0.47

0.40 to 0.50

Eat more than 3-4 servings of
vegetables/potatoes a day?

58

0.45

0.36 to 0.54

Eat or drink more than 2-3 servings of
milk, yogurt or cheese a day?

58

0.64

0.50 to 0.75

Use semi-skimmed or whole milk
instead of skimmed (no fat) milk?

58

0.48

0.38 to 0.54

Use regular cheese instead of low fat
cheeses as a snack, on sandwiches,
pizza etc.?

58

0.54

0.53 to 0.59

Eat beef, pork, or dark meat chicken
(leg and thigh)?

58

0.74

0.56 to 0.92

Eat more than 170 g of meat, chicken,
turkey or fish a day?

58

0.19

0.19 to 0.33

Choose higher fat red meats like
prime rib, T-bone steak, hamburger
etc instead of lean red meats?

58

0.11

-0.08 to
0.23

Eat the skin on chicken and turkey or
the fat on meat?

58

0.60

0.48 to 0.68

Use regular processed meats instead
of low fat processed meats?

58

0.23

0.15 to 0.37

Eat fried foods such as fried chicken,
fried fish, French fries or chips?

58

0.37

0.28 to 0.51

Weighted kappa.
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Response options for all
items: usually or often /
sometimes / rarely or
never

Table 4.2

Test-retest reliability of diet items in the MPQ (continued).
Testretest
a
reliability

95% CI

58

0.50

0.39 to 0.66

Use regular salad dressing &
mayonnaise instead of low-fat or fatfree salad dressing and mayonnaise?

58

0.62

0.57 to 0.63

Add butter, margarine or oil to bread,
potatoes, rice or vegetables at the
table?

58

0.51

0.46 to 0.57

Cook with oil, butter or margarine
instead of using non-stick sprays or
cooking without fat?

58

0.18

0.08 to 0.48

Eat regular sweets instead of low-fat
or fat-free sweets?

58

0.59

0.49 to 0.66

Eat regular ice cream instead of lowfat or fat-free ice-cream?

58

0.48

0.41 to 0.74

Eat sweets like cakes, cookies,
pastries, doughnuts, muffins,
chocolate and jelly sweets more than
2 times a day?

58

0.60

0.46 to 0.66

Drink 500 mL or more of non-diet fizzy
drinks a day?

58

0.55

0.53 to 0.65

Eat high salt processed foods like
canned soup or pasta,
frozen/packaged meals, chips?

58

0.28

0.19 to 0.43

Add salt to foods during cooking or at
the table?

58

0.58

0.55 to 0.76

Items

Response options

n

Diet
In an average week, how often do
you:

Response options for all
items: usually or often /
sometimes / rarely or
never

Eat regular crisps and crackers
instead of low-fat crisps and crackers?

a

Weighted kappa.
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Table 4.3

Test-retest reliability of alcohol and smoking items in the MPQ.

Response options

n

Testretest
reliability

How often did you have a drink
containing alcohol in the past year?

Never / monthly / 2-4 times
a month / 2-3 times a week
/ 4 or more times a week

58

0.81

a

0.78 to 0.85

How many drinks did you have on a
typical day/night when you were
drinking in the past year?

0 / 1-2 / 3-4 / 5-6 / 7-9 / 10
or more

58

0.63

a

0.55 to 0.75

How often do you have six or more
drinks on one occasion?

Never / less than monthly /
monthly / weekly / more
than once a week

58

0.70

a

0.60 to 0.74

Have you ever smoked a cigarette
(including roll-ups)?

Yes / No

58

0.86

b

0.71 to 1.00

How old were you when you first tried
smoking a cigarette (including rollups) even if it was only a puff or two?

Age in years

42

0.97

c

0.95 to 0.98

Do you smoke cigarettes at all now?

Yes / No

42

0.80

b

0.61 to 0.99

Please rate your addiction to
cigarettes on a scale of 0 (not
addicted) to100 (very addicted)

22

0.81

c

0.59 to 0.91

How many cigarettes do you usually
smoke a day?

22

0.68

c

0.38 to 0.85

Items

95% CI

Alcohol

Smoking

a

How soon after waking do you usually
smoke your first cigarette or roll-up?

Within first 5 minutes / 515 min / 15-30 min / 30
min-1 hour / 1 hour or
more

22

0.74

a

0.45 to 0.87

For you, quitting smoking would
be.....?

very easy / fairly easy /
fairly difficult / very difficult
/ impossible

22

0.91

a

0.90 to 0.95

How much do you agree with this
statement: 'After a few hours without
smoking I have a strong urge to have
a cigarette'?

Totally disagree / fairly
disagree / don't agree or
disagree / fairly agree /
fully agree

22

0.60

a

0.23 to 0.78

b

c

Weighted kappa. Kappa. ICC1,1.
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Table 4.4

Test-retest reliability of injury history items in the MPQ.

Items

Test-retest
reliability

Response options

n

95% CI

Have you ever broken or fractured a
bone?

Yes / No

58

0.86

c

0.73 to 0.99

Have you ever had a lower leg stress
fracture?

Yes / No / Don't Know

58

0.55

c

0.48 to 0.64

Have you ever suffered from shin
pain?

Yes / No

58

0.77

c

0.58 to 0.96

In the past year have you suffered
from any type of injury that meant you
couldn't take part in exercise or sport
for longer than a week?

Yes / No

58

0.49

c

0.24 to 0.73

Injury History

a

b

c

Kappa. ICC1,1. Weighted kappa.

Table 4.5

Test-retest reliability and agreement of scales incorporated in the MPQ.

Items

n

Mean difference
(95% CI)

ICC1,1
(95% CI)

CR

95% LoA
range

Physical Activity
LTEQ

58

-1.09
(-6.16 to 4.00)

0.63
(0.45 to 0.76)

37.68

-38.97 to 36.80

LTEQ

56

-1.05
(-5.21 to 3.11)

0.75
(0.61 to 0.85)

30.37

-31.44 to 29.33

58

0.03
(-0.02 to 0.08)

0.67
(0.51 to 0.79)

0.40

-0.36 to 0.42

AUDIT-C

58

-0.10
(-0.51 to 0.31)

0.87
(0.79 to 0.92)

3.01

-3.18 to 2.97

AUDIT-C

57

0.00
(-0.36 to 0.36)

0.90
(0.84 to 0.94)

2.63

-2.68 to 2.68

22

0.45
(-0.28 to 1.19)

0.85
(0.67 to 1.00)

3.86

-2.79 to 3.70

Diet
REAP
Alcohol

Smoking
CDS-5

Notes: Reliability estimates in italics exclude outliers, defined as ≥3 SDs from the mean difference between
MPQ administrations (Evenson & McGinn, 2005). ICC, Intraclass Correlation Coefficient. CR, Coefficient of
Repeatability. LoA, Limits of Agreement.
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Table 4.6

Test-retest reliability of specific MPQ smoking items, responded to by a larger
sample of British Army recruits.

Items

Testretest
reliability

Response options

n

95% CI

Have you ever smoked a cigarette
(including roll-ups)?

Yes / No

507

0.72

a

0.65 to 0.79

How old were you when you first

Age in years

309

0.73

b

0.68 to 0.78

0.83

b

0.79 to 0.86

Smoking

tried smoking a cigarette (including

302

roll-ups) even if it was only a puff
or two?

Notes: Reliability estimates in italics exclude outliers, defined as ≥3 SDs from the mean
a
b
difference between MPQ administrations (Evenson & McGinn, 2005). Kappa. ICC1,1.

Figure 4.1
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Bland-Altman plot of the difference in recruit’s LTEQ scores between MPQ
administrations and mean LTEQ score. Note: The scatter is spread evenly
around zero suggesting no systematic bias and there is no evidence of
heteroscedasticity (r = 0.03, p = 0.80). The grey dashed line shows the linear
2
trendline (R = 0.00).

Figure 4.2

Bland-Altman plot of the difference in recruit’s REAP scores between MPQ
administrations and mean REAP score. Note: The scatter is spread evenly
around zero suggesting no systematic bias and there is no evidence of
heteroscedasticity (r = -0.04, p = 0.79). The grey dashed line shows the linear
2
trendline (R = 0.00).

Figure 4.3

Bland-Altman plot of the difference in recruit’s AUDIT-C scores between MPQ
administrations and mean AUDIT-C score. Note: The scatter is spread evenly
around zero suggesting no systematic bias and there is no evidence of
heteroscedasticity (r = 0.03, p = 0.83). The grey dashed line shows the linear
2
trendline (R = 0.00).
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Figure 4.4

4.5

Bland-Altman plot of the difference in recruit’s CDS-5 scores between MPQ
administrations and mean CDS-5 score. Note: The scatter is spread evenly
around zero suggesting no systematic bias and there is no evidence of
heteroscedasticity (r = -0.14, p = 0.53). The grey dashed line shows the linear
2
trendline (R = 0.02).

Discussion

Analysis of participants’ responses to the MPQ provides support for the measure as a
reliable assessment of multiple risk factors for injury in military recruits. In a
representative sample, most of the individual items had at least moderate reliability
while scale scores related to lifestyle behaviours demonstrated good to excellent
reliability with no evidence of systematic bias between administrations.

Two common approaches of assessing pre-training physical activity level were
incorporated into the MPQ since they are easy to complete and have demonstrated
criterion validity in prior studies (see Section 3.2.4). The simplified approach proposed
by Washburn et al (1987) was found to have substantial reliability over the two week
period (Кw = 0.71). In US Army recruits, the test-retest reliability of the same question
was 0.86 when administered twice over a 6-week period (Ward et al, 2003), indicating
that this item demonstrates strong temporal stability among different military
samples/populations. The MPQ also asks respondents to report pre-training physical
activity behaviour using the LTEQ (Godin & Shephard, 1985). In line with previous
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findings, reliability was highest for the strenuous exercise frequency component
(Jacobs et al, 1993) and the total LTEQ score demonstrated good reliability (Godin &
Shephard, 1985). In general, the LTEQ is comparable to other physical activity
questionnaires for reliability but is one of the best for validity (Pereira et al, 1997).
Given the good reliability of these items in this study, these data support the use of the
LTEQ to evaluate baseline physical activity levels in groups of prospective military
recruits.

The remaining items in the physical activity section asked respondents questions
regarding exercise type, frequency of continuous running and any changes in the
amount of exercise they performed in the six months prior to joining military service.
These items had moderate to almost perfect reliability. To the author’s knowledge, no
prior studies have examined the test-retest reliability of these items, which were
included in the MPQ based on a literature review of risk factors for musculoskeletal
injury incidence in military and civilian populations. Future research will improve
interpretation of information gained from these reliable items as predictors of injury risk
during initial military training.

Although the validity of self-reported injury history has been investigated (Gabbe et al,
2003), its reliability has not been verified objectively. Nonetheless, variables associated
with prior injury are commonly used as predictor variables in injury risk factor
investigations (Knapik et al, 2013a; Knapik et al, 2013b; Lisman et al, 2013). In the
MPQ, previous bone fracture was the item with the highest reliability. This is not
surprising since bone fractures are likely to be more easily remembered compared with
other injuries (Sundblad et al, 2006). Indeed, the item pertaining to any other injuries
demonstrated only moderate reliability. For the remaining items in the injury section,
history of shin pain demonstrated substantial agreement across administrations, while
history of lower leg stress fracture was less reliable. Given their stability over time, the
injury history items included in the MPQ will be useful in future investigations on risk
factors for injuries.

Specific nutrients appear to be important for enhancing the quality of conditioning and
avoiding musculoskeletal injuries during training (Slobounov, 2008). Yet, the
association between dietary habits prior to entering military training and future injury
risk is not well understood. The REAP (Gans et al, 2006) was incorporated into the
MPQ to rapidly assess recruits’ prior dietary behaviours. Reliability estimates for
individual items on the REAP demonstrated considerable variation between the two
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MPQ administrations, ranging from poor to substantial; however, the overall score had
substantial reliability. Slightly higher reliability scores were reported by Gans et al
(2006), but their participants were mostly female high-school graduates who were older
than the recruits in this study, making direct comparison inappropriate.

Evidence relating alcohol consumption to musculoskeletal injury remains equivocal.
Henderson et al (2000) found no association between injury rates and alcohol
consumption in male and female recruits. In contrast, female recruits who consumed
>10 drinks per week were more susceptible to stress fractures than those who
consumed <10 drinks per week (Lappe et al, 2001). In the present study, like in others
conducted within various non-military populations (Reinert & Allen, 2007), the AUDIT-C
had high test-retest reliability (ICC = 0.90). Importantly, the internal consistency of the
AUDIT-C was high, supporting the assumption that it is a strong measure of the single
construct of alcohol consumption. This is consistent with some (Foran et al, 2012), but
not all (Fear et al, 2007), military investigations assessing the internal consistency of
the original 10 item AUDIT. The high internal consistency observed in this study was
also demonstrated in a larger sample for recruits who completed the MPQ after a
longer time period had elapsed between administrations. Thus, the AUDIT-C appears
to be a reliable method to assess alcohol consumption in military settings.

Smoking is one of the most consistently reported risk factors for injury in military
recruits (Altarac et al, 2000; Knapik et al, 2001a; Canham-Chervak, 2006; Munnoch &
Bridger, 2007; see Section 2.5.4). Huerta et al (2005) investigated the reliability of selfreported smoking history among 7,276 participants before and after military service.
Despite an average of ~2 years elapsing between measurements, a high level of
answer–re-answer reliability was found. Similarly, self-reported smoking status in the
present study was found to have almost perfect agreement. Reported age at first
cigarette was also highly reliable (ICC = 0.97). This is noticeably higher than the ICC
reported by Huerta et al (2005) (ICC = 0.73), which is unsurprising given the shorter
time interval between administrations. Indeed, when the MPQ was administered on two
occasions to a follow-up sample of recruits, in which the median time between
administrations was ~6 months, the ICC of age at first cigarette fell to 0.73. For current
smokers, individual items of the CDS-5 had at least moderate reliability, comparing well
to previous findings (Etter, 2005). In addition, the overall score had excellent reliability
and had high internal consistency. The CDS-5 can therefore be deemed a reliable
measure of cigarette dependency, providing a valid approach of assessing smoking as
a risk factor for injury (Etter, 2005). Furthermore, since the CDS-5 includes an item
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asking respondents the usual number of cigarettes smoked per day, it permits
investigation of the dose–response relationship with injury risk, previously shown in US
army recruits (Altarac et al, 2000; Munnoch & Bridger, 2007).

The primary aim of his study was to assess the test-retest reliability of the MPQ for use
in group-level military investigations, ensuring that it is able to reliably differentiate
scores between different individuals. The discussion so far has therefore focused on
the results that enable assessment of whether or not this aim was achieved.
Accordingly, it has focused on the reliability statistics most commonly reported in these
types of investigations (kappa and correlation coefficients). However, a key strength of
this study was the use of additional statistical methods for assessing absolute
reliability. Specifically, Bland-Altman’s limits of agreement and the coefficient of
repeatability (CR; sometimes referred to as the smallest real difference) were
calculated for total scale scores pertaining to the four lifestyle behaviours incorporated
in the MPQ. While the use of more than one measure of absolute reliability has been
criticised (Hopkins, 2000), the statistics calculated in this study produced similar
estimates of measurement error, thereby providing reassurance in the results.
Furthermore, the use of Bland-Altman plots enabled a visual representation of whether
heteroscedasticity was present in the data. Despite suggestions that these plots are
more relevant to studies comparing methods than assessing reliability (Weir, 2005),
this would not have been possible if reporting only the CR.

Importantly, an understanding of parameters of absolute reliability enables
consideration of whether an observed change over time for an individual is likely to be
real or due to the test-to-test ‘noise’ in the data (Weir, 2005). The results suggest that
relatively large changes over time in LTEQ score would be required to be statistically
considered a real difference for an individual recruit. The CR for other behaviours was
lower, but relative changes of between 20-40% in scores would still be required to
ensure that changes do not simply reflect measurement error. Although not the
intended use of the MPQ, which has been designed for use in military research studies,
such knowledge could be useful to practitioners who may wish to use the MPQ to, for
example, evaluate the effect of an alcohol brief intervention on self-reported alcohol
consumption levels.

There are several methodological considerations that should be taken into account
before using the MPQ in future research and practice. First, participants consisted of a
fairly homogenous non-random sample of young white men and so future work should
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be undertaken with more diverse military personnel. Also, although all of the items are
applicable to females, additional sex-specific items (e.g. contraceptive use and
menstrual function) would need to be included to maximize use of the MPQ in female
recruits.

Second, inherent in most self-report measures and test–retest techniques is the
assumption that no substantial changes occur between administrations. Although most
of the items in the MPQ are based on respondents’ behaviours and experiences prior
to joining the military, it is possible that true changes occurred between surveys. This
would weaken the reported reliability estimates in certain sections of the MPQ,
especially smoking (Chisick et al, 1998) and injury status. In contrast, it is possible that
the time interval (14 days) between both administrations did not completely eliminate
recall bias. However, in this study the elapsed time was deemed long enough to
sufficiently minimise recall bias while being short enough to minimise potential
changes. This assertion is supported by the results from the larger sample of recruits.
Items related to smoking had lower reliability when the MPQ was administered twice
over a longer time period (median = ~6 months).

Third, the categorisation of results to enable qualitative description of the strength of
reliability has been questioned due to its somewhat arbitrary nature (Atkinson & Nevill,
1998; Charter & Feldt, 2001). This particularly applies to categorisation of ICCs, which
has been described as not theoretically defensible on the grounds that the ICC varies
depending on the ICC version used and that the magnitude of the ICC depends on the
variability of the data (Charter & Feldt, 2001). Nonetheless, categorisation provides a
useful guideline for communicating and comparing results, giving researchers a
common description of an abstract concept. Indeed, despite a number of alternatives
being proposed in the literature, the categories used in this study to define kappa
coefficients remain the most commonly reported (Gwet, 2012). Furthermore, for all
reported statistics in the present study, a range of uncertainty was provided by
calculating 95% confidence intervals.

Lastly, reliability is associated with the accuracy and repeatability of a test. However,
validity is also critically important. Most of the items and scales in the MPQ have
previously been demonstrated to be valid; indeed, they were chosen specifically based
on how well they measure what they purport to measure. Nonetheless, the MPQ
requires further testing in military populations to delineate more clearly the validity of its
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various components. This will support the interpretation and use of these measures in
future surveillance and epidemiological studies.

In conclusion, this study provides initial psychometric support for the MPQ in the form
of sufficiently reliable responses to the questionnaire items. The MPQ is a low-cost
instrument that is straightforward to administer and analyse. It can be easily modified to
fit the specific needs of other military populations and therefore presents an effective
tool for assessing multiple risk factors that may be predictive of injury during military
training. This will help to identify prospective recruits at increased risk of training injury
and to enhance the efficacy of injury prevention strategies. Further research is
necessary to assess the reliability of the MPQ in more demographically diverse military
populations and to test its validity against objective criterion measures.

4.6

Key points

 Training injuries are a major problem among military populations. Understanding
injury risk factors is a crucial step in the overall injury control process.
 The Military Pre-training Questionnaire offers a brief, inexpensive and suitably
reliable method to assess multiple risk factors for injury prior to military recruit
training.

 Assessment of the validity of the Military Pre-training Questionnaire in other military
populations/samples will support its interpretation and use in future surveillance and
epidemiological studies.

103

5

Study 2: Physical activity assessment for military
epidemiological research: validity of two short
self-report measures

5.1

Abstract

Background
Military recruits who commence initial training with low levels of physical fitness have a
higher risk of training injury and a lower likelihood of training success. A simple selfreported physical activity measure that is associated with objectively measured fitness
may offer a very useful screening tool for prospective military recruits. Validation of any
potential measure is crucial before recommending its widespread use in military injury
monitoring programmes and epidemiological studies.
Aim
To assess the validity of two short self-report measures of physical activity to predict
initial physical fitness and training outcome in British Army infantry recruits.

Methods
In a prospective cohort study, British Army infantry recruits completed a single-item
physical activity questionnaire (SPAQ; n = 1,927) and a Leisure Time Exercise
Questionnaire (LTEQ; n = 1,886) during week one of a 26 week training programme.
Analysis of covariance was used to assess validity, adjusting for age, ethnicity, body
mass index, income deprivation, and selected lifestyle behaviours. Criterion validity
was assessed by comparing responses to the LTEQ and SPAQ with concurrently
assessed objective measures of physical fitness: 2.4 km run time; press-ups score and
sit-ups score (maximum number in two minutes). Predictive validity was assessed
using results from the same tests conducted during weeks 14 and 24 of training.
Multiple logistic regression models were used to assess the predictive utility of the two
measures by entering training outcome as the outcome variable.
Results
The SPAQ was significantly associated with run time, sit-ups score and press-ups
score. Associations remained for those physical fitness tests repeated throughout
training. In addition, differences in outcome measures across SPAQ categories were
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dose-dependent: as self-reported activity decreased, fitness test performance
worsened. For example, compared with individuals who reported that they were ‘much
more active’ than their peers, those who reported the ‘same’ or ‘much less’ activity
levels had run times that were 35.9 s (-48.2 to -23.6 s) and 57.5 s (-78.2 to -36.8 s)
slower, and press-ups scores of 8.0 (-11.6 to -4.5) and 11.9 (-17.9 to -6.0) fewer,
respectively. The SPAQ was also a significant predictor of recruit discharge prior to the
completion of training. The LTEQ was associated with 2.4 km run time in week one of
training only.
Conclusion
This study provides strong support for the validity of the SPAQ as a pre-training
physical activity screening tool to assist with predicting the initial physical fitness levels
and likely training outcomes of British Army infantry recruits.
Key words
Self-reported; questionnaire; physical activity; fitness; military.

5.2

Introduction

Physical inactivity is one of the world’s leading modifiable lifestyle risk factors for
morbidity and mortality (Lee et al, 2012). Considerable attention has therefore been
placed on how best to measure physical activity levels. Adequate measurement is
crucial for monitoring trends, evaluating interventions, identifying low/high risk groups
and exploring associations with health outcomes (van Poppel et al, 2010).

The gold standard method of assessing free-living physical activity energy expenditure
involves using doubly labelled water to measure total energy expenditure (Plasqui et al,
2013), but technological advances have led accelerometry to become the most
common objective method to monitor activity patterns in field settings (van Poppel et al,
2010). However, these methods are impractical in many circumstances due to the
costs involved and specific expertise required. For instance, in epidemiological studies,
which require data to be collected from very large samples, self-report measures of
physical activity are the most popular approach (Dahl-Petersen et al, 2013).

A large number of self-report questionnaires have been developed to measure physical
activity. These vary widely in terms of length, ease of completion, content and
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psychometric properties (van Poppel et al, 2010; Milton et al, 2011). For example, long
and multifaceted physical activity questionnaires are useful for monitoring the
proportion of adults in a country meeting national physical activity guidelines (Bromley
& Shelton, 2010). Yet, while such questionnaires provide a wealth of data on physical
activity across different domains, shorter and less burdensome tools are more
appropriate for certain studies and population groups (Milton et al, 2011).

In military studies, a single-item physical activity question developed by Washburn et al
(1987) (or slightly modified versions), which asks respondents to consider whether they
are more or less active than their peers, is commonly used to measure pre-training
physical activity levels (Swedler et al, 2011; Wilkinson et al, 2011; Knapik et al, 2013a;
Knapik et al, 2013b). This method has demonstrated validity against other
questionnaires (Washburn et al, 1989) and criterion measures of physical activity
(Washburn et al, 1987) in general populations. However, the psychometric properties
of self-report questionnaires are culturally dependent and so validity assessed in one
population may not be directly applicable to others (Washburn et al, 2000). Although
the test-retest reliability of Washburn et al’s (1987) approach has been demonstrated in
a convenience sample of British Army infantry recruits (see Chapter 4), its validity
against objective outcome measures in military populations is unknown.

Objective measures of physical fitness are frequently used to validate subjective
measures of physical activity (Fogelholm et al, 2006; van Poppel et al, 2010;
Helmerhorst et al, 2012). This approach has been criticised on the basis that physical
activity and fitness represent distinct constructs (van Poppel et al, 2010). However,
both constructs are related and fitness measures can often provide a more pragmatic
criterion measure. For example, military recruits with higher levels of pre-training
physical fitness have a lower risk of training injury (Knapik et al, 2001a; Blacker et al,
2008) and increased likelihood of training success (Cuddy et al, 2011). Thus, a simple
self-reported physical activity measure that is associated with objectively measured
fitness has the potential to offer a very useful screening tool for prospective military
recruits. Such validation is crucial before recommending its widespread use in military
injury monitoring programmes and epidemiological studies.

The main aim of this study was to assess the validity of a single-item physical activity
measure against objective criterion measures of physical fitness and training outcome
in British Army infantry recruits. In addition, we aimed to compare its validity with that of
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another short measure of physical activity, which has been used more widely in general
populations.

5.3

Methods

5.3.1

Study design

The study was conducted as part of a larger prospective cohort study to assess risk
factors for injury among British Army infantry recruits. Recruits who commenced the
Combat Infantryman’s Course at the Infantry Training Centre, Catterick, UK, between
September 2008 and March 2010 were eligible to take part in the study. Recruits from
selected incoming platoons were invited to participate during week one of training by a
member of British Army staff after receiving a full written and oral explanation of the
study. Recruits were assured that participation in the study was voluntary and that nonparticipation would have no influence on training outcome or their military career.
Ethical approval was obtained from the Ministry of Defence Research Ethics
Committee.

After providing written informed consent, participants willing to take part in the study
were asked to complete the Military Pre-training Questionnaire. In brief, the MPQ is a
reliable self-report instrument specifically designed to assess risk factors for injury
among military recruits across five domains: physical activity; injury history; diet;
alcohol; and smoking (see Chapters 3 & 4)

5.3.2

Sociodemographic characteristics

Data on participants’ sociodemographic and anthropometric characteristics, and on
training outcome, were extracted from the British Army’s Training, Administration and
Financial Management Information System by staff members in the Department of
Occupational Medicine, Army Recruiting and Training Division. Results from physical
fitness tests conducted during training were obtained from Army staff.

Participants who resided in the UK at selection were assigned an income deprivation
score based on their postcode (see Section 3.5.3). Income deprivation scores were
categorised into quintiles, with ‘1’ being the 20% most income deprived areas of the UK
and ‘5’ being the 20% least income deprived areas.
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5.3.2

Physical activity measures

The validity of two self-reported physical activity measures incorporated into the MPQ
was tested in this study: a single-item physical activity question (SPAQ) and the
Leisure Time Exercise Questionnaire (LTEQ) (Table 5.1).

Table 5.1

A brief description of the self-reported physical activity measures included in this
study.

Physical activity
measure

Description

Single-item physical
activity question
(SPAQ). Adapted from
(Washburn et al, 1987)

Before joining the Army, how active do you think you were compared
with other men the same age as you?

Leisure Time Exercise
Questionnaire (LTEQ).
Adapted from (Godin &
Shephard, 1985)

In a typical week before joining the Army, how many times did you do
the following kinds of exercise for more than 15 minutes during your
spare time?

Much more active/more active/about the same/less active/much less
active

Hard, tiring exercise / moderate exercise / mild exercise
Total LTEQ score is created from responses. A higher LTEQ scores
indicates higher activity levels.

5.3.3

Validation measures

Recruits’ fitness test results during week one of training were used as objective
measures to assess the criterion validity of the SPAQ and LTEQ. Measures included
2.4 km run time, press-ups score and sit-ups score (maximum number in two minutes)
(Table 2). Predictive validity was assessed using results from physical fitness tests
conducted during weeks 14 and 24 of training. Body mass index (BMI) was used to
assess the construct validity of the SPAQ and LTEQ. Convergent validity was
assessed by examining the association between SPAQ responses and LTEQ scores.

5.3.4

Analyses

Validity was assessed by examining the association between responses to the selfreported physical activity measures and objective validation measures using analysis of
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covariance (ANCOVA). For ease of interpretation and comparison with the SPAQ
results, LTEQ scores were categorised into quintiles for analyses. SPAQ category and
LTEQ quintile were used as grouping (exposure) variables with fitness test results as
the outcome variables (Fogelholm et al, 2006). Age, ethnicity, income, BMI, income
deprivation, and other lifestyle behaviours were entered as covariates. Statistical
significance was denoted as p < 0.05.

The association between self-reported physical activity and whether or not a participant
was discharged prior to the end of training was tested using logistic regression models.
If the SPAQ or LTEQ was associated with the criterion measure in unadjusted analyses
(p < 0.10), models were adjusted for the potentially confounding effects of age,
ethnicity, BMI, income deprivation, and selected lifestyle behaviours.

Not all participants had a complete dataset because some data were either missing or
identified as erroneous. No systematic differences were identified in sociodemographic
characteristics between those who responded to the MPQ and those who did not.
Missing data were therefore assumed to be at random and were handled using listwise
deletion. Post-hoc missing data analyses revealed that recruits with missing
sociodemographic data were more likely to report higher levels of physical activity in
the MPQ; however, this had little impact on the results (see Section 3.5.4). All statistical
analyses were performed using Statistical Package for the Social Sciences version
19.0 (IBM United Kingdom Limited, Portsmouth, UK).

5.3.5

Sensitivity analyses

Sensitivity analyses were carried out to assess whether substantively different results
would be obtained if using regression as the main statistical test which, as discussed in
Section 3.6.2, is a common methodological approach for assessing questionnaire
validity (Hopkins et al, 2009). Specifically, linear regression models were used to test
the association between responses to the self-reported physical activity measures and
objective validation measures. If the SPAQ or LTEQ was associated with the criterion
measure in unadjusted analyses (p < 0.10), models were adjusted for the potentially
confounding effects of age, ethnicity, BMI (excluding the models that tested construct
validity as BMI was entered as the outcome variable), income deprivation, and selected
lifestyle behaviours. Statistical significance was denoted as p < 0.05.
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The criterion validity of the SPAQ and LTEQ were also measured against recruits’
fitness test results from the pre-training Army Development and Selection Centre. From
a practical perspective, the selection centre may present the most appropriate
opportunity for collecting data on pre-training lifestyle behaviours of prospective
recruits. Measures included: 2.4 km run time; back extension strength; static lift
strength; and maximum number of pull-ups. The same analytical approach as
described for the main analyses was used.

5.4

Results

5.4.1

Sample characteristics

A total of 1960 recruits completed at least part of the MPQ at the start of the study. The
characteristics of the study sample are presented in Table 5.2.

Table 5.2

Descriptive characteristics of the study sample.
n

Sample
estimate

1785

20.7 ± 3.0

White

1664

93

Other

121

7

1 Most deprived

530

31

2

398

23

3

313

18

4

248

14

5 Least deprived

233

14

1773

22.6 ± 2.7

Characteristic

Age, mean ± SD (years)
Ethnicity (%)

Income deprivation quintile (%)

2

Body mass index (BMI), mean ± SD (kg/m )
Physical activity level (SPAQ) (%)
Much less active

95

5

Less active

345

18

About the same

612

32

More active

636

33

Much more active

239

12

1886

53.4 ± 31.5

Yes

537

27

No

1423

73

Physical activity level (LTEQ score), mean ± SD
Discharged before end of training (%)
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5.4.2

Validity of the SPAQ

Results from ANOCA analyses showed that there were significant differences in 2.4 km
run time between SPAQ categories and post-hoc tests revealed a dose-dependent
pattern: as self-reported levels of physical activity increased, run time in week one
decreased (Figure 5.1). For example, compared with those reporting that they were
much more active than others of the same age prior to joining the British Army, recruits
reporting much lower levels of activity had a mean 57.5 s slower 2.4 km run time (95%
confidence interval -78.2 to -36.8 s; p < 0.001). Differences between SPAQ categories
were independent of other sociodemographic and lifestyle characteristics.

Consistent with the differences found between SPAQ response categories and running
performance measured in week one of training, there was a significant main effect of
SPAQ on 2.4 km run time during weeks 14 and 24. In general, as self-reported physical
activity increased, the time taken for recruits to run 2.4 km significantly decreased
(Figure 5.1). Similar dose-dependent differences were found between the SPAQ and
mean scores on other physical performance tests: recruits who reported lower levels of
physical activity compared to others before joining the Army completed significantly
fewer press-ups and sit-ups throughout training compared with those who were much
more active (Figure 5.2 and Figure 5.3).

The SPAQ was also a significant predictor of recruit discharge prior to the completion
of training. Recruits who reported that they were much less active [OR 2.4 (1.3 to 4.3),
p = 0.003] or less active [OR 1.7 (1.1 to 2.7), p = 0.012] before training had significantly
higher odds of being discharged than those who reported being much more active.
There was no significant difference in mean BMI between SPAQ categories (Figure
5.4).

5.4.3

Validity of the LTEQ

There was a significant main effect of LTEQ on 2.4 km run time during week 1 only;
however, post-hoc differences did not indicate a strong dose-dependent pattern (Figure
5.5). LTEQ score was not significantly associated with any other objective physical
fitness test result measured in week one (Figure 5.5) or throughout training (Appendix
J). There was also no association between LTEQ score (not categorised into quintiles)
and training discharge [OR 1.00 (0.99 to 1.00), p = 0.29].
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5.4.4

Convergent validity of the SPAQ and LTEQ

Despite these differences, the SPAQ and LTEQ were significantly associated with each
other. Compared with being much more active than others before training, being much
less active was associated with a 17.2 unit decrease (-29.6 to -4.9; p = 0.001) in LTEQ
score, being less active with a 13.8 unit decrease (-22.3 to -5.3; p < 0.001) and being
about the same with a 9.9 unit decrease (-17.6 to -2.2; p = 0.003) (Figure 5.4).
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Figure 5.1

Estimated 2.4 km run time during weeks one, 14 and 24 of training by selfreported SPAQ category in infantry recruits. Means adjusted for age, income
deprivation quintile, ethnicity, BMI, smoking status, alcohol consumption and diet.
Error bars indicate 95% CIs. Significant (p < 0.05) between-group differences are
shown by identical letters.
113
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Figure 5.2
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Estimated number of press-ups during weeks one, 14 and 24 of training by selfreported SPAQ category in infantry recruits. Means adjusted for age, income
deprivation quintile, ethnicity, BMI, smoking status, alcohol consumption and diet.
Error bars indicate 95% CIs. Significant (p < 0.05) between-group differences are
shown by identical letters.
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Figure 5.3

Estimated number of sit-ups during weeks one, 14 and 24 of training by selfreported SPAQ category in infantry recruits. Means adjusted for age, income
deprivation quintile, ethnicity, BMI, smoking status, alcohol consumption and diet.
Error bars indicate 95% CIs. Significant (p < 0.05) between-group differences are
shown by identical letters.
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Estimated LTEQ score and BMI by self-reported SPAQ category in infantry
recruits. Means adjusted for age, income deprivation quintile, ethnicity, BMI
(LTEQ analyses only), smoking status, alcohol consumption and diet. Error bars
indicate 95% CIs. Significant (p < 0.05) between-group differences are shown by
identical letters.
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Figure 5.5

Estimated 2.4 km run time, press-ups score and sit-ups score during week one of
training by self-reported LTEQ quintile in infantry recruits. Means adjusted for
age, income deprivation quintile, ethnicity, BMI (LTEQ analyses only), smoking
status, alcohol consumption and diet. Error bars indicate 95% CIs. Significant (p
< 0.05) between-group differences are shown by identical letters.
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5.4.5

Sensitivity analyses

There were significant associations between SPAQ categories and 2.4 km run time, situps score and press-up score during week one (all p < 0.001) when data were
analysed using linear regression (Tables 5.3-5.7). In general, as self-reported physical
activity level decreased, fitness test result worsened. There was also a significant
association between SPAQ categories and objective criterion measures when physical
fitness was measured in weeks 14 and 24 of training. Mean LTEQ score increased as
SPAQ self-reported activity increased, but there was no association between BMI
between SPAQ categories (Figure 5.4). For LTEQ, a significant association were
observed between quintiles in 2.4 km run time in week one only (Figure 5.5). Thus,
results from linear regression were very similar to those obtained using regression
models and do not change the interpretations of our main findings.

When physical fitness test results from selection were entered as outcome variables in
ANCOVA analyses, the SPAQ was significantly associated with 2.4 km run time, static
lift strength and maximum number of pull-ups, while there were no significant
associations with back extension strength (Figure 5.6). The LTEQ was associated with
2.4 km run time only at selection (Appendix J). These results were again supported by
additional analyses using linear regression models.

Tables showing the full results from all sensitivity analyses are presented in Appendix
J.
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Table 5.3

Results from adjusted linear regression models examining the association
between self-reported physical activity (SPAQ) and 2.4 km run time (s) in week
one (test of criterion validity) and throughout (test of predictive validity) training.

2.4 km run time

Week 1 (n=1294)

Week 14 (n=897)

Week 24 (n=793)

SPAQ category

 (95% CI)

 (95% CI)

 (95% CI)

Much more active

Ref

Ref

Ref

More active

14.6 (6.2 to 23.1)

About the same

35.8 (27.2 to 44.4)

a

16.4 (7.9 to 24.9)

Less active

52.0 (42.5 to 61.4)

a

33.8 (24.5 to 43.0)

a

24.4 (15.7 to 33.1)

a

Much less active

57.9 (43.5 to 72.3)

a

39.3 (24.6 to 54.1)

a

23.5 (10.0 to 37.0)

b

b

8.3 (0.2 to 16.9)

c

2.6 (-4.9 to 10.6)
a

13.2 (5.4 to 21.0)

b

Notes: SPAQ, Single-item Physical Activity Question. Models were adjusted for age, income deprivation
a
b
c
quintile, ethnicity, BMI, AUDIT-C score, smoking status and REAP score. p < 0.001, p < 0.01, p <
0.05.

Table 5.4

Results from adjusted linear regression models examining the association
between self-reported physical activity (SPAQ) and number of press-ups in week
one (test of criterion validity) and throughout (test of predictive validity) training.

Press-ups

Week 1 (n=1302)

Week 14 (n=981)

Week 24 (n=795)

SPAQ category

 (95% CI)

 (95% CI)

 (95% CI)

Much more active

Ref

Ref

Ref

More active

-2.6 (-5.1 to -0.2)

About the same

-8.0 (-10.5 to -5.6)

Less active

-8.6 (-11.3 to -5.9)

Much less active

-11.9 (-16.0 to -7.7)

c

-4.1 (-6.5 to -1.7)

b

-3.0 (-5.5 to -0.4)

c

a

-7.3 (-9.7 to -4.9)

a

-6.9 (-9.5 to -4.4)

a

a

-9.7 (-12.4 to -7.1)
a

a

-13.4 (-17.7 to -9.2)

-8.9 (-11.8 to -6.0)
a

a

-11.4 (-15.8 to -6.9)

a

Notes: SPAQ, Single-item Physical Activity Question. Models were adjusted for age, income deprivation
a
b
c
quintile, ethnicity, BMI, AUDIT-C score, smoking status and REAP score. p < 0.001, p < 0.01, p <
0.05.
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Table 5.5

Results from adjusted linear regression models examining the association
between self-reported physical activity (SPAQ) and number of sit-ups in week
one (test of criterion validity) and throughout (test of predictive validity) training.

Sit-ups

Week 1 (n=1304)

Week 14 (n=983)

Week 24 (n=797)

SPAQ category

 (95% CI)

 (95% CI)

 (95% CI)

Much more active

Ref

Ref

Ref

More active

-4.1 (-6.2 to -2.0)

a

-2.0 (-4.0 to 0.1)

-2.4 (-4.7 to -0.1)

c

About the same

-6.4 (-8.5 to -4.2)

a

-3.1 (-5.2 to -1.0)

b

-3.7 (-6.1 to -1.4)

b

Less active

-8.1 (-10.4 to -5.7)

-5.0 (-7.2 to -2.7)

a

-5.3 (-7.9 to -2.7)

a

Much less active

-10.3 (-14.0 to -6.7)

-5.5 (-9.2 to -1.9)

b

-5.9 (-9.9 to -1.9)

b

a

a

Notes: SPAQ, Single-item Physical Activity Question. Models were adjusted for age, income deprivation
a
b
c
quintile, ethnicity, BMI, AUDIT-C score, smoking status and REAP score. p < 0.001, p < 0.01, p <
0.05.

Table 5.6

Results from adjusted linear regression models examining the association
between the SPAQ and body mass index (test of construct validity) and the
SPAQ and LTEQ score (test of convergent validity).

2

BMI (kg·m ) (n=1626)

LTEQ score (n=1586)

SPAQ category

 (95% CI)

 (95% CI)

Much more active

Ref

Ref

More active

0.10 (-0.32 to 0.52)

1.3 (-4.0 to 6.6)

About the same

-0.17 (-0.59 to 0.26)

-10.1 (-15.4 to -4.7)

a

Less active

0.10 (-0.37 to 0.57)

-13.9 (-19.8 to -7.9)

a

Much less active

-0.17 (-0.51 to 0.85)

-17.2 (-525.8 to -8.6)

a

Notes: SPAQ, Single-item Physical Activity Question. LTEQ, Leisure Time Exercise Questionnaire Models
were adjusted for age, income deprivation quintile, ethnicity, alcohol consumption, BMI (LTEQ model only),
a
b
c
smoking status and dietary intake. p < 0.001, p < 0.01, p < 0.05.
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Table 5.7

Results from linear regression models examining the association between selfreported physical activity (LTEQ) and 2.4 km run time, number of press-ups and
number of sit-ups during week one of training.
2.4 km run
time (s) (n=1264)

Press-ups
(n=1431)

Sit-ups
(n=1433)

LTEQ score

 (95% CI)

 (95% CI)

 (95% CI)

1 (Lowest)

Ref

Ref

Ref

2

1.8 (-6.9 to 10.5)

1.2 (-1.1 to 3.5)

0.9 (-1.2 to 2.9)

3

-10.1 (-18.9 to -1.3)

0.9 (-1.5 to 3.2)

1.8 (-0.3 to 3.8)

4

-8.4 (-17.2 to 0.4)

1.4 (-0.9 to 3.8)

2.0 (-0.1 to 4.1)

5 (Highest)

-17.7 (-26.5 to -8.9)

0.6 (-1.8 to 2.9)

1.6 (-0.4 to 3.7)

c

a

Notes: LTEQ, Leisure Time Exercise Questionnaire. Models for 2.4 km run time and sit-ups score are
adjusted for age, income deprivation quintile, ethnicity, BMI, AUDIT-C score, smoking status and Rapid
a
b
Eating Assessment for Patients (REAP) score. Model for press-ups score is unadjusted. p < 0.001, p <
c
0.01, p < 0.05.
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Back extension strength (kg)

120

110

100

90

80

F (4,1604) = 0.4, p = 0.82, ήp2 = 0.001
70

120

Static lift strength (kg)

c
115

b
abc

a
110

105

F (4,1603) = 5.4, p < 0.001, ήp2 = 0.01
100

12

Number of pull-ups

abc
10

abc
a

b

c

8

6

F (4,1564) = 16.7, p = <0.001, ήp2 = 0.04
4

Much less
active

Less
active

About the
same

More
active

Much more
active

SPAQ category
Figure 5.6
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Estimated back extension strength, static lift strength and pull-ups score at
selection by self-reported SPAQ category in infantry recruits. Means adjusted for
age, income deprivation quintile, ethnicity, BMI, smoking status, alcohol
consumption and diet. Error bars indicate 95% CIs. Significant (p < 0.05)
between-group differences are shown by identical letters.

5.5

Discussion

This study assessed the validity of two physical activity measures against objective
measures of physical fitness and training outcome in a military population. Significant
associations with a range of concurrent and prospective measures have provided
strong support for the criterion validity of the SPAQ for assessing pre-training physical
activity levels among prospective military recruits. The SPAQ was also able to predict
likelihood of training discharge suggesting it has predictive utility. In contrast, the
validity of the LTEQ was less convincing. Although it was associated with 2.4 km run
time, the association was weak and mean differences between quintiles were not dosedependent. Furthermore, unlike the SPAQ, it was not associated with any other
indicator of physical fitness or with training outcome.

The validity of different variants of the SPAQ has been shown previously in different
population samples (Washburn et al, 1987; Sternfeld et al, 2000). For example, in a
sample of 348 US college students, Washburn and colleagues (1987) found that those
reporting that they were much more active than others reported higher activity levels in
another physical activity survey and lower triceps skinfold thickness and resting heart
rate compared with those who reported they were somewhat less active. Large
variation in the objective criterion measures resulted in less marked stepwise patterns
than those reported in this study. In another military investigation, Riley et al (2005)
used a similar self-report tool to the SPAQ and found that self-assessed fitness
predicted objective fitness score. However, the measure was dichotomised in adjusted
regression analyses, precluding the assessment of a dose-dependent association. In
this study, self-reported physical activity based on the SPAQ was strongly associated
with 2.4 km run time after adjustment for potential confounding variables. Mean
differences between SPAQ categories were dose-dependent: as self-reported activity
increased, 2.4 km run time improved. This is a particularly important finding because
the British Army reintroduced the 2.4 km run as an entry test (Wilkinson et al, 2011),
owing to its association with training injury (Blacker et al, 2008).

In addition to cardiorespiratory fitness, the current study showed that the SPAQ was
significant associated with muscular endurance at the start of training, as measured by
push-up and sit-up test performances. Similarly, our sensitivity analyses showed that
the SPAQ was associated with maximum number of pull-ups and static lift strength at
selection. In contrast, there was no significant main effect for back extension strength
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at selection. This may be because these tests require both proficient technique and
specialised equipment unlike body weight exercises such as sit-ups, press-ups and
pull-ups, which can be performed anywhere with little or no instruction. Further, such
exercises are often associated with military training and it is likely that recruits had
practiced them at some point prior to training (e.g. they are commonly performed at
school and recommended in military pre-training guidance) (British Army, 2014).

Another key finding from this study is the apparent predictive validity of the SPAQ. The
dose-dependent differences in cardiovascular fitness (2.4 km run time) and muscular
endurance (sit-ups, press-ups) between SPAQ response categories during week one
of training largely remained during weeks 14 and 24. In addition, recruits who reported
that they were less active or much less active than others prior to joining the British
Army were significantly more likely to be discharged. Cardiovascular fitness and
muscular endurance are predictors of training injury and outcome among military
recruits (Blacker et al, 2008; Lisman et al, 2013). This provides support for the potential
applicability of this item for injury risk factor surveillance and pre-training screening.

LTEQ score was also associated with 2.4 km run time during week one of training,
which is unsurprising given the strong association observed between the SPAQ and
LTEQ (i.e. convergent validity). However, post-hoc analyses revealed that 13% of
recruits who reported that they were in the lowest two quintiles of LTEQ scores (i.e.
least active) were in the fastest two quintiles for 2.4 km run time during week one of
training. This compares to only 5% of recruits who reported being less active or much
less active than others in the SPAQ but who were also in the fastest two run time
quintiles. Furthermore, unlike the SPAQ, LTEQ score was not associated with any
other physical fitness test results at selection or during training, or with training
discharge. The LTEQ has previously been shown to correlate significantly with maximal
aerobic capacity (r = 0.24) and accelerometer motion scores (r = 0.32) (Godin &
Shephard, 1985; Sallis et al, 1993). Although statistically significant, the unadjusted
correlation with 2.4 km run time during week one of training time in this study was weak
(r =-0.11; results not shown). The LTEQ relies on recall of activity bouts in a typical
week. Chapter 4 of the present thesis highlighted the difficulty in reporting this
accurately. Despite the overall LTEQ score demonstrating good reliability, the reliability
of the moderate and light exercise frequency components was only fair to moderate.

Neither self-reported physical activity measure was significantly associated with BMI
after adjustment for potential confounders. This is contrary to the well accepted
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association between these two variables in other large population studies (Sternfield et
al, 2000; Gray & Leyland, 2009). Indeed, both measures have been shown to correlate
with constructs of body fat in other studies (Washburn et al, 1987; Jacobs et al, 1993;
Sternfeld et al, 2000). This may be attributable to the narrow BMI range (interquartile
range = 4; 77% of recruits were of a healthy weight, i.e. BMI 18.5–25; World Health
Organization, 2014a) in this population of young military recruits, which is likely to have
limited the discriminative abilities of the SPAQ and LTEQ. Furthermore, as highlighted
by Dall et al (2007), BMI is an imperfect measure to identify overweight and obese
military personnel, who generally have greater muscle mass than the civilian
population.

The results presented here suggest that the simple SPAQ provides a more useful
measure of self-reported physical activity in military populations. Compared with the
LTEQ, the SPAQ has demonstrated superior concurrent validity against cardiovascular
fitness and muscular endurance. Furthermore, it is also a strong predictor of future
training performance and discharge. Brief measures of physical activity have primarily
been developed to reduce respondent burden and for screening purposes to assess
appropriateness for interventions (Milton et al, 2011). In US Army recruits, Gubata et al
(2011) showed that a simple physical activity question could predict the likelihood of
passing the entry fitness test. As failing the entry test is associated with
musculoskeletal injury, the authors recommended that self-reported activity could be
used by military recruiters to identify those requiring pre-training support or guidance
(Gubata et al, 2011). Findings from the present study, alongside the substantial testreliability reliability reported in Chapter 4 and the patterning by sociodemographic
characteristics shown in Appendix K (which was not seen for the LTEQ), provide
evidence that the SPAQ is an appropriate tool for assessing physical activity in UK
military recruits. This complements the empirical utility of the SPAQ, already evidenced
in some injury epidemiology studies (e.g. Wilkinson et al, 2011; Knapik et al, 2013b;
see Section 2.5.4).

Consistent with our findings, Rutten et al (2003) found that single questions on physical
activity were more closely related to perceived health than the lengthy International
Physical Activity Questionnaire. Fogelholm et al (2006) postulated that low levels of
education might influence the accuracy of responses in more difficult questionnaires,
which is likely to be particularly pertinent to infantry recruits entering the lower ranks of
the Army (Gee, 2007). This assertion is supported by additional post-hoc analyses
performed in the current study, which showed that a single-item on frequency of sweat125

inducing activity was a valid predictor of physical fitness and training outcome (Tables
J24-J25, Appendix J). This item is often included as a supplementary item in the LTEQ,
but has only three response options compared with the 5-item SPAQ. However, the
sample size in the ‘never/rarely’ group was small and there were no differences
between this group and those reporting ‘sometimes’ in most adjusted regression
models, even though both tended to be significantly different to those reporting ‘often’
sweating. Thus, in the context of the MPQ, it is proposed that the inclusion of the LTEQ
is superfluous. The LTEQ is more prone to measurement error and its accuracy is likely
to be more susceptible to respondent recall ability and different perceptions of intensityspecific activities. Similarly, compared with the SPAQ, the sweating frequency item is
unlikely to provide any additional advantage.

A number of different statistical approaches can be used to assess the validity of a
questionnaire. Univariable associations or bivariate correlations between questionnaire
items and criterion measures is the most common approach, either as the only
analyses performed, or as preliminary tests before including covariates. These are
often supplemented by tests of sensitivity, specificity and agreement in order to
determine the ability of the questionnaire item(s) to correctly classify respondents into
groups according to the criterion measure. ANCOVA was the main analytical approach
used in this study as it provides adjustment mean values for the outcome variable, thus
enabling more intuitive results to be presented than multiple regression models. The
clear dose-dependent differences in criterion measures across SPAQ categories were
considered strong evidence that misclassification bias was not an issue. Furthermore,
sensitivity analyses using multiple regression models produced very similar findings.

A particular strength of the present study was the large representative sample of British
Army recruits, for whom there were data available on a selection of key physical
performance tests. This was particularly useful for assessing the validity of those MPQ
items pertaining to physical activity. It was also possible to adjust for a wide range of
potential confounding variables including age, income deprivation, ethnicity and other
lifestyle behaviours using a robust analytical approach. This, in addition to the stepwise
patterns observed for many associations, provides reassurance in the results.

This study also had some limitations. First, while markers of physical fitness are
frequently used comparison measures in validation studies (van Poppel et al, 2010), it
has been suggested they are unsuitable because fitness and physical activity are not
synonymous (Shephard, 2003). In a systematic review of measurement properties of
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physical activity questionnaires for adults, van Popell et al (2010) considered such
criterion measures to be the lowest level of evidence, with doubly labelled water and
accelerometry ranked higher, respectively. However, the tools assessed in this study
are not designed to accurately quantify total physical activity levels or energy
expenditure. Rather, they are designed to quickly screen physical activity levels to
enable broad categorisation of respondents. In military settings, comparison of selfreport questionnaires with military-specific fitness measures is both more pragmatic
and externally valid. Furthermore, despite asking questions about physical activity and
exercise, which are related but not the same (Caspersen et al, 1985), both the SPAQ
and LTEQ were significantly associated with each other. This provides additional
support for the usefulness of the SPAQ for the broad categorisation of recruits
according to pre-training activity levels.

Second, the majority of respondents in this study were white and British, which may
limit the generalisability of our findings. Further investigation of the validity of the
physical activity measures in more diverse military populations may therefore be
warranted. Nonetheless, the MPQ was able to detect significant differences between
lifestyle behaviours by ethnicity and nationality, which were consistent with existing
literature (see Chapter 6). This provides preliminary evidence that the MPQ may be
suitable for such populations.

Finally, the validity of some additional constructs of physical activity incorporated in the
MPQ was not assessed. However, assessing the validity of these items might not be
possible due to the specific nature of the questions. Nonetheless, the test-retest
reliability of these items (Table 4.1, Chapter 4) and their empirical utility in
epidemiological studies (Appendix C) has been demonstrated. Lack of evidence on
validity should therefore not preclude them from being used in future studies.

In conclusion, this study provides strong support for the validity of the SPAQ as a pretraining physical activity screening tool to assist with predicting the initial physical
fitness levels and likely training outcomes of military recruits.
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5.6

Key points

 The Military Pre-training Questionnaire (MPQ) is a reliable tool for measuring
potential injury risk factors in British Army infantry recruits. However, the validity of
its various domains has not been tested.
 A single-item physical activity question (SPAQ) incorporated in the MPQ provides a
more valid predictor of initial physical fitness and training outcome in British Army
recruits than the Leisure Time Exercise Questionnaire.
 The SPAQ can be used by military recruiters to identify prospective recruits
requiring additional pre-training conditioning or as a valid measure of physical
activity in military epidemiological studies.
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6

6.1

Study 3: Prevalence, co-occurrence and
clustering of unhealthy lifestyle behaviours in
British Army infantry recruits

Abstract

Background
Unhealthy lifestyle behaviours can have adverse effects on the health, wellbeing and
performance of military personnel. A detailed understanding of the prevalence of
unhealthy behaviours is therefore important for informing military health promotion
policies and interventions. Such understanding is currently lacking among British Army
infantry recruits.
Aim
To describe the prevalence, co-occurrence and clustering of unhealthy lifestyle
behaviours in British Army infantry recruits.
Methods
In a prospective cohort study, British Army infantry recruits (n = 1,960) completed a
questionnaire on pre-training lifestyle behaviours during week one of training. Four
behaviours were analysed as binary variables: smoking; hazardous alcohol
consumption; low physical activity levels; and low fruit and vegetable consumption. Cooccurrence was examined using multinomial regression models and clustering using
observed to expected (O/E) ratios.

Results
The prevalence of smoking, hazardous alcohol consumption, low physical activity
levels and low fruit and vegetable consumption was 54%, 79%, 23% and 61%,
respectively. Six percent of recruits reported no unhealthy lifestyle behaviours, 20%
reported one, 35% reported three and 8% reported all four. Recruits who were British
and aged ≥20 years were more likely to have co-occurring unhealthy behaviours.
Paired combinations of unhealthy behaviours were strongly associated, particularly
smoking/drinking, smoking/activity and diet/physical activity. Clustering of unhealthy
behaviours was indicated by a greater number of recruits reporting all four unhealthy
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behaviours than was expected based on the prevalence of the separate risk factors
(O/E ratio = 1.41 (95% confidence interval 1.20 to 1.65)).
Conclusions
The majority of British Army recruits entering infantry training smoke, drink hazardously
and have low fruit and vegetable consumption. The high prevalence of multiple
unhealthy behaviours increases the likelihood of negative health and training outcomes
for recruits and has important implications for military health improvement strategies.
Policies and interventions that specifically target multiple unhealthy behaviours, make
unhealthy commodities less affordable and available, and create a culture in which
unhealthy behaviours are non-normative should be developed and evaluated.
Key words
Unhealthy lifestyle behaviour; military; clustering; smoking; alcohol; diet; physical
activity.

6.2

Introduction

Unhealthy lifestyle behaviours are associated with a higher risk of preventable chronic
disease morbidity and premature mortality (Murray et al, 2012). In the UK, four main
modifiable behaviours – smoking, high alcohol consumption, poor diet and physical
inactivity – accounted for 28% of all disability-adjusted life-years lost in 2010, mostly
attributable to cardiovascular diseases and various types of cancer (Murray et al,
2012).

Multiple unhealthy lifestyle behaviours often exist within the same individual. Buck and
Frosini (2012) found that over a quarter of English adults reported at least three of the
four main unhealthy behaviours. In Scotland, over a half of adults (59%) have four or
five lifestyle risk factors (includes overweight/obesity) (Lawder et al, 2010). Knowledge
of such ‘co-occurrence’ is important because combinations of two or more lifestyle risk
factors can have a multiplicative effect, meaning that the risk of negative health
outcomes can be higher than the additive effects of each individual behaviour (Schlecht
et al, 1999; Tamakoshi et al, 2009). Furthermore, understanding co-occurrence and
‘clustering’ of behaviours (a greater co-occurrence of behaviours than would be
expected based on the rules of probability) may be useful in developing and targeting
intervention strategies (Spring et al, 2012).
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A higher prevalence of unhealthy behaviours has been found to be more common
among certain sociodemographic groups, including men, younger age groups and
those of lower socioeconomic status based on either social class or level of education
(Chiolero et al, 2006; Poortinga, 2007; Buck & Frosini, 2012). These are characteristics
common in military recruits (Bray et al, 2013b). There is a limited literature on the
prevalence of unhealthy behaviours among military recruits in the UK Armed Forces,
but a higher prevalence of single unhealthy behaviours than the general population has
generally been observed (Fear et al, 2007; Bray et al, 2013b). However, few military
studies have investigated the prevalence of combinations of unhealthy behaviours.
This is despite the fact that unhealthy behaviours among military personnel can have
adverse short-term military-specific outcomes. Recruits who smoke or report low levels
of physical activity, for example, have been shown to have an increased risk of trainingrelated musculoskeletal injury, while alcohol misuse has been associated with
productivity loss, diminished military readiness, mental health problems, and other
serious consequences such as alcohol-related injury and incarceration (Fear et al,
2007; Iversen et al, 2009; Rona et al, 2010; Aguirre et al, 2013; Bray et al, 2013a; Bray
et al, 2013b).

Infantry recruits undergo the longest and most arduous entry training programme
across the British Army. Yet, comparatively little information is available on their
lifestyle behaviours. The purpose of this study was to investigate the prevalence, cooccurrence and clustering of unhealthy behaviours among British Army infantry
recruits. Associations between multiple unhealthy behaviours and sociodemographic
characteristics were also explored.

6.3

Methods

6.3.1

Study population and design

The study was conducted as part of a larger prospective cohort study to assess risk
factors for injury among British Army infantry recruits. Recruits who commenced the
Combat Infantryman’s Course at the Infantry Training Centre, Catterick, UK, between
September 2008 and March 2010 were eligible to take part in the study. Recruits were
invited to participate during week one of training by a member of Army staff after
receiving a full written and oral explanation of the study. Ethical approval was obtained
from the Ministry of Defence Research Ethics Committee.
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After providing written informed consent, participants willing to take part in the study
were asked to complete the Military Pre-training Questionnaire (MPQ). In brief, the
MPQ is a reliable self-report instrument specifically designed to assess risk factors for
injury among military recruits across five domains: physical activity; injury history; diet;
alcohol; and smoking (see Chapters 3 & 4).

6.3.2

Unhealthy lifestyle behaviours

Four unhealthy lifestyle behaviours were categorised as binary variables and included
in the main analyses of this study: smoking; hazardous alcohol consumption; low
physical activity levels; and low fruit and vegetable consumption. For smoking, recruits
were categorised as either ‘current smokers’ or not ‘current smokers’ based on whether
they responded ‘yes’ or ‘no’ to the question “Do you smoke cigarettes at all now?”.
Hazardous alcohol consumption was defined as a score of 5 or above on the Alcohol
Use Disorders Identification Test - Consumption (AUDIT-C), a screening tool for
alcohol problems (Bush et al, 1998; Reinert & Allen, 2007). For physical activity,
recruits were asked “Before joining the Army, how active do you think you were
compared with other men the same age as you?” Response options were: much more
active; more active; about the same; less active; or much less active (Washburn et al,
1987). Being less active or much less active than others was considered a risk factor.
Low fruit and vegetable consumption was defined according to recruit’s responses to
two questions about their dietary behaviour before joining the Army: “In an average
week, how often did you: (1) Eat more than 2-3 servings of fruit a day? (2) Eat more
than 3-4 servings of vegetables/potatoes a day?” Response options were: often;
sometimes; or never/rarely. Recruits who did not respond ‘often’ to both questions were
considered to have low fruit and vegetable consumption.

6.3.3

Sociodemographic variables

Data on participants’ age (17; 18-19; 20-21; 22+ years) and ethnicity (white; other)
were extracted from the British Army’s Training, Administration and Financial
Management Information System by staff members in the Department of Occupational
Medicine, Army Recruiting and Training Division. In addition, participants who resided
in the UK at selection were assigned an income deprivation score based on their
postcode (see Section 3.5.3). Income deprivation scores were categorised into
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quintiles, with ‘1’ being the 20% most income deprived areas of the UK and ‘5’ being
the 20% least income deprived areas.

6.3.4

Analyses

The prevalence of individual unhealthy behaviours, as well as all possible combinations
of unhealthy behaviours (co-occurrence), was calculated. Multinomial logistic
regression was performed to examine whether sociodemographic characteristics were
associated with the co-occurrence of unhealthy lifestyle behaviours. The outcome
variable was the number of unhealthy behaviours reported, which had three levels: 0 or
1 unhealthy behaviours (reference); 2 unhealthy behaviours; and 3 or 4 unhealthy
behaviours. Levels were collapsed to increase the sample size within certain groups.
Age, ethnicity and income deprivation were entered as potential confounding variables.

Associations between pairs of unhealthy behaviours were examined by estimating the
prevalence odds ratio (POR) using logistic regression models adjusted for age,
ethnicity and income deprivation. Association does not necessarily imply clustering
(Ebrahim et al, 2004). Clustering was examined by calculating the ratio between the
observed prevalence of combinations of unhealthy behaviours with the expected
prevalence of the combination. This is known as the Observed/Expected (O/E) or
‘clustering’ ratio (Schuit et al, 2002; Poortinga, 2007). A clustering ratio of 1.25
indicates that the combination of unhealthy behaviours observed is 25% higher than
would be expected if the component behaviours in the combination had been
independently distributed across the population (Tobias et al, 2007). The expected
prevalence was calculated as the product of the individual risk factor prevalences. For
example, the expected prevalence of a combination of current smoking and hazardous
drinking is calculated as:

Risk factors included in
combination (% unhealthy)

Risk factors excluded from
combination (% healthy)

Confidence intervals for the O/E ratios were calculated using Byar’s approximation
method (Eayres, 2008). Clustering is indicated when O/E ratios are high for no
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unhealthy behaviours, low for a single unhealthy behaviour, and high for multiple
unhealthy behaviours (Ebrahim et al, 2004).

Recruits who did not have data on all four unhealthy behaviours were excluded from
analyses. Recruits with any missing sociodemographic data were omitted from the
logistic regression analyses using listwise deletion after missing data analyses showed
no systematic differences in lifestyle behaviours between those with and without data
(see Section 3.5.4 and Appendix I). Analyses were conducted using IBM Statistical
Software for the Social Sciences version 19 (IBM United Kingdom Limited, Hampshire,
UK).

6.3.5

Sensitivity analyses

Sensitivity analyses were carried out to assess the impact of certain assumptions and
uncertainties on the robustness of the study results. First, because the outcome
variable in the co-occurrence analysis was ordered (i.e. number of unhealthy
behaviours), the association between number of co-occurring unhealthy lifestyle
behaviours and sociodemographic characteristics was examined using an ordered
multinomial logistic regression model. Multinomial regression was used instead of
ordinal logistic regression in the main analysis because ordered logistic regression
models assume that the distance between each category of the outcome is
proportional (Jiang et al, 2014). This assumption cannot be made for the number of cooccurring behaviours which comprise of combinations of individual behaviours with
levels that are not proportional. Nonetheless, when statistically tested using a test of
parallel lines (violation of the assumption is indicated by p < 0.05), the assumption of
proportional odds was met, albeit marginally (p = 0.09). Second, the multinomial
regression analysis was repeated with adjustment for nationality (British; non-British)
instead of ethnicity. Third, the analyses of prevalence odds ratios were repeated using
unadjusted logistic regression models to enable comparison with the base case (i.e.
adjusted) results. Finally, where appropriate, dose-dependent patterns in the PORs of
different pairs of lifestyle behaviours were examined to provide further confidence in
the robustness of any dichotomous associations observed.

6.4

Results

A total of 1,960 recruits completed at least part of the MPQ. Data on all four unhealthy
behaviours was available for 1,823 recruits while complete data including those on
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sociodemographic characteristics was available for 1,590 recruits. The
sociodemographic characteristics of the recruits included in the study are shown in
Table 6.1.

Table 6.1

Sociodemographic characteristics of the study population.

Characteristic

Description

Age (years) (n = 1658)

Ethnicity (n = 1658)

Nationality (n = 1658)

Income deprivation quintile
quintile (n = 1599)

n

%

17

298

18.0

18-19

528

31.8

20-21

391

23.6

22+

441

26.6

White

1549

93.4

Other

109

6.6

British

1552

93.6

Other

106

6.4

1 Most deprived

488

30.5

2

371

23.2

3

289

18.1

4

230

14.4

5 Least deprived

221

13.8

The majority of recruits (54%) reported being current smokers, 79% reported
hazardous drinking behaviour, 61% had low fruit and vegetable intake and 23% had
low levels of physical activity (Figure 6.1). Only 6% of recruits reported no unhealthy
lifestyle behaviours, while one in five reported a single unhealthy behaviour (Figure
6.2). About two-thirds of recruits reported two (35%) or three (31%) unhealthy
behaviours, while 8% engaged in all four.
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Figure 6.1

Prevalence of unhealthy lifestyle behaviours in British Army infantry recruits (n =
1,823).

Figure 6.2

Unhealthy lifestyle behaviour co-occurrence in British Army infantry recruits (n =
1,823).
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Table 6.2 presents associations between sociodemographic factors and the cooccurrence of unhealthy behaviours. Recruits aged 17 years were generally less likely
to report two or more unhealthy behaviours than older recruits, but the evidence for this
association was weak. Non-white recruits were considerably less likely to report
multiple unhealthy behaviours. There was no evidence of an association between cooccurrence of unhealthy behaviours and income deprivation. These sociodemographic
patterns are consistent with results based on descriptive analysis of individual health
behaviours (Appendix K).

Table 6.3 shows the prevalence and prevalence odds ratios of pairs of unhealthy
behaviours. Almost half of all recruits reported smoking and hazardous drinking and
these unhealthy behaviours were the most strongly associated. Smoking was also
associated with low levels of physical activity. Recruits who reported low levels of
activity were more likely to report low fruit and vegetable intake.

Table 6.2

Variable

Association between sociodemographic factors and co-occurrence of unhealthy
behaviours among British Army infantry recruits.

Level of
variable

Two
unhealthy behaviours
(vs no or one unhealthy
behaviours)
n

OR

95% CI

Three or four
unhealthy behaviours
(vs no or one unhealthy
behaviours)

p

OR

95% CI

p

Age (years)

Ethnicity

Income
deprivation

17

289

0.74

0.50

1.10

0.14

0.80

0.54 to 1.18

0.25

18-19

508

0.81

0.57

1.15

0.23

1.07

0.76 to 1.51

0.70

20-21

374

1.07

0.74

1.57

0.71

1.34

0.93 to 1.95

0.12

≥22

419

Ref

White

1491

Ref

Other

99

0.30

1 Most deprived

483

Ref

2

371

3

287

4
5 Least deprived

Ref

0.18 to 0.51

<0.001

0.25

0.15 to 0.43

<0.001

1.05

0.73 to 1.51

0.80

1.07

0.76 to 1.52

0.69

0.91

0.62 to 1.32

0.60

0.66

0.46 to 0.96

0.03

229

1.20

0.79 to 1.82

0.39

0.96

0.64 to 1.45

0.86

220

1.15

0.74 to 1.76

0.54

1.02

0.67 to 1.55

0.92

Notes: All sociodemographic factors are mutually adjusted for each other using multinomial logistic
regression. Unhealthy behaviours are: smoking; hazardous drinking; low fruit/veg intake; and low physical
activity. Reference category is no unhealthy behaviours. Complete –case analysis was performed meaning
the sample size is the same for each explanatory variable across possible outcome categories.
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Table 6.3

Prevalence and prevalence odds ratios of pairs of unhealthy behaviours among
British Army infantry recruits.

Unhealthy behaviour
combination

na

P (%)

POR (95% CI)

Wald

Smoking /
hazardous drinking

887

48.7

3.7 (2.8 to 4.9)

85.9

Smoking /
low fruit & veg

612

33.6

1.2 (1.0 to 1.4)

2.3

0.13

Smoking /
low activity

255

14.0

1.5 (1.2 to 1.9)

11.0

0.001

Hazardous drinking /
low fruit & veg

898

49.3

1.3 (1.0 to 1.7)

3.9

0.05

Hazardous drinking /
low activity

334

18.3

1.1 (0.8 to 1.5)

0.4

0.54

Low activity /
low fruit & veg

277

15.2

1.5 (1.1 to 1.9)

8.7

0.003

P

<0.001

a

Notes: Total n = 1823. POR = prevalence odds ratio. Analyses adjusted for age, ethnicity and income
deprivation.

The O/E ratio of all unhealthy behaviour patterns are shown in Table 6.4. Clustering of
all four unhealthy behaviours among recruits was 1.41 (95% confidence interval 1.20 to
1.65), which means that it was 41% higher than expected based on the prevalence of
the individual behaviours. The combination of no unhealthy behaviours was also found
to be clustered (O/E ratio = 1.96 (1.60 to 2.38)). Across all combinations that included
three unhealthy behaviours, the observed prevalence was similar to that expected. For
combinations of two unhealthy behaviours, the observed prevalence was generally
lower than expected, reflected by an overall O/E ratio of 0.85 (0.79 to 0.92). Smoking
as an isolated unhealthy behaviour was less prevalent, and low fruit/vegetable
consumption more prevalent, than could have been expected based on their individual
probabilities.
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Table 6.4

Clustering of unhealthy behaviours among British Army infantry recruits.

Lifestyle
behaviours

Smoking

Heavy
drinking

Low fruit/veg
consumption

Low physical
activity

4

+

+

+

+
Total

3

152

8

1.41 (1.20 to 1.65)

152

8

1.41 (1.20 to 1.65)

+

+

−

400

22

1.08 (0.98 to 1.19)

+

−

+

78

4

1.12 (0.88 to 1.39)

+

−

+

+

20

1

0.72 (0.44 to 1.11)

−

+

+

+

73

4

0.81 (0.63 to 1.01)

571

31

1.02 (0.94 to 1.11)

+

+

−

−

257

14

1.07 (0.94 to 1.21)

+

−

+

−

40

2

0.42 (0.30 to 0.57)

+

−

−

+

5

0

0.28 (0.09 to 0.65)

−

+

+

−

273

15

0.88 (0.78 to 0.99)

−

+

−

+

31

2

0.53 (0.36 to 0.75)

−

−

+

+

32

2

1.37 (0.94 to 1.93)

638

35

0.85 (0.79 to 0.92)

+

−

−

−

39

2

0.63 (0.45 to 0.86)

−

+

−

−

185

10

0.92 (0.79 to 1.06)

−

−

+

−

116

6

1.45 (1.20 to 1.73)

−

−

−

+

20

1

1.32 (0.81 to 2.04)

360

20

1.00 (0.90 to 1.11)

102

6

1.96 (1.60 to 2.38)

102

6

1.96 (1.60 to 2.38)

Total
0

O/E (95% CI)

+

Total
1

O

+

Total
2

n

−

−

−

−
Total

Notes: + unhealthy behaviour present; - unhealthy behaviours absent; O = observed prevalence in %; E =
expected prevalence of combination of unhealthy behaviours; CI = confidence interval.

6.4.1

Sensitivity analyses

Examining the association between sociodemographic factors and co-occurrence of
unhealthy behaviours using ordinal regression produced results that were very similar
to the base case model using multinomial logistic regression (Table L1, Appendix L).
Similarly, the associations observed between ethnicity and unhealthy behaviours were
very similar to those observed between nationality and unhealthy behaviours (Table L2,
Appendix L). Adjusted PORs did not substantively differ from unadjusted PORs (Table
L3, Appendix L). A dose-response pattern in PORs was observed for associations
between: smoking and alcohol consumption (Table L4, Appendix L); smoking and
physical activity (Table L5, Appendix L); and fruit/vegetable intake and physical activity
(Table L6, Appendix L). A gradient that suggests greater exposure results in greater
odds of the outcome is indicative of a strong association (Hill, 1965).
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6.5

Discussion

6.5.1

Main findings

This study has shown that unhealthy behaviours are common among British Army
infantry recruits: 54% were current smokers; 79% reported drinking at hazardous
levels; and 61% had low fruit and vegetable intake. In contrast, less than a quarter of
recruits reported low pre-training physical activity levels. These unhealthy behaviours
co-occur. Three quarters of recruits reported two (35%), three (31%) or all four (8%)
unhealthy behaviours, while 20% reported a single unhealthy behaviour and 6%
reported none. Recruits who were British and aged ≥20 years were more likely to have
co-occurring unhealthy behaviours. In addition, paired combinations of unhealthy
behaviours were strongly associated, particularly smoking/drinking, smoking/activity
and diet/physical activity. Clustering of unhealthy behaviours was indicated by a
greater number of recruits reporting no, as well as all four, unhealthy behaviours than
was expected based on the prevalence of the separate risk factors.

6.5.2

Interpretation: individual unhealthy lifestyle behaviours

Unhealthy lifestyle behaviours are typically high in military populations (Fear et al, 2007;
Hooper et al, 2008), although recent estimates for UK military recruits are scarce.
Based on data collected in 2002, Bray et al (2013b) found that 48% of male British
Army recruits smoked, a higher prevalence than observed in Royal Navy (40%) and
Royal Air Force (29%) recruits. A prevalence of 49 to 66% was noted for infantry
recruits, which is broadly consistent with the results in the present study (54%).
Similarly, Wilkinson and colleagues (2011) reported a prevalence of 53% in trained
infantry soldiers. More recently, Sharma et al (2011) found that only 30% of infantry
recruits were current smokers in their sample of 468. This may be due to the method of
data collection, which is not clearly reported by Sharma et al (2011), but is more likely
to be an interview rather than a confidential self-report questionnaire.

The high prevalence of smoking among infantry recruits is concerning, particularly as it
is similar to prevalence estimates a decade ago (Bray et al, 2013b). This is despite a
downward trend in smoking prevalence among the general population (Office for
National Statistics, 2014) and the British Armed Forces overall (Owen, 2009). Indeed,
the smoking prevalence of infantry recruits reported here is substantially higher than
young men from lower socioeconomic groups in the general adult population (National
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Centre for Social Research, 2012). Furthermore, smoking prevalence may increase in
response to adapting to life as an infantry soldier (Bray & Hourani, 2007; Bray et al,
2009; Bray et al, 2013a), particularly during and after deployment to areas of conflict
(Smith et al, 2008).

Consistent with other studies on military populations (Fear et al, 2007; Henderson et al,
2009; Fear et al, 2010c; Bray et al, 2013), high levels of alcohol consumption were
reported by infantry recruits. An AUDIT-C score of five or more has been used to
indicate hazardous levels of drinking in military men (Fear et al, 2007; Aguirre et al,
2013) and four out of five recruits reported such levels prior to training. Comparable
data do not exist for other UK military recruits, but Fear and colleagues (2007) found
that 86% of male Army personnel drank at hazardous levels. In a more recent pilot
study of UK Armed Forces personnel attending medical assessments, Aguirre et al
(2013) found a hazardous drinking prevalence of 65%. The Army have among the
highest prevalence across all services, a finding consistent with other military studies
(Fear et al, 2007; Jacobson et al, 2008; Department of Defense, 2013), which is likely
to explain the lower prevalence for all services combined. In US Army recruits,
Canham-Chervak (2006) reported a much lower prevalence of >20%, though a precise
estimate was not provided. Although not a primary outcome in this study, 47% of
infantry recruits reported binge drinking (defined as 6 or more drinks on a single
drinking occasion) at least weekly. This is similar to findings in other UK service
personnel (Hooper et al, 2008; Henderson et al, 2009; Rona et al, 2010), but higher
than reported in the US military (Ames et al, 2002; Bray et al, 2013) (see Section
2.4.2).

The AUDIT has not been used routinely in national population surveys to estimate the
prevalence of alcohol problems in Great Britain. The Scottish Health Survey included it
for the first time in 2012 and estimated that over 90% of 16-24 year olds scored five or
more on the AUDIT-C questions (Scottish Government (requested ad hoc analysis of
the 2012 Scottish Health Survey)). Although the sample size was low meaning the
estimate was relatively imprecise, this suggests that infantry recruits may be no more
likely to drink hazardously than others of the same age in the general population.

It has been suggested that healthy eating behaviours can contribute to military
performance (Hill et al, 2011; Purvis et al, 2013; Hill et al, 2014). Yet, beyond studies
investigating energy balance and physical demands (Izard et al, 2007; Wilkinson et al,
2008), limited published information exists on the nutritional behaviour of military
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personnel in the UK (see Section 2.4.4). This study has found that the majority (60%)
of entering infantry recruits had a low level of fruit and vegetable consumption prior to
joining the Army. Due to the measure used, however, it was not possible to determine
the proportion of recruits who specifically met national recommended guidelines of at
least five portions of fruit and vegetables a day (NHS Choices, 2014), which is the
indicator commonly used to indicate healthy eating in the general population (Health
and Social Care Information Centre, Lifestyles Statistics, 2014).

Infantry recruits reported healthier behaviour in terms of physical activity. A minority
considered themselves to be less or much less active than other men of the same age.
This measure of activity has been used widely in military populations, particularly in
injury risk factor studies (Jones et al, 1993; Knapik et al, 2001a), and provides a valid
and reliable measure of military-specific fitness (see Chapters 4 & 5). In US studies,
between 22 and 26% of military recruits report low levels of activity (Figure 2.6), which
is very similar to the present results. A much higher percentage (53%) of trained
infantry soldiers rated their activity levels as lower than their peers (Knapik et al, 2001a;
Wilkinson et al, 2011). This is unsurprising given that recruits were asked about their
activity levels before joining the Army and so were comparing themselves to the
general population. Prevalence estimates using this pragmatic single-item measure
are, however, not available for the general UK population.

6.5.3

Interpretation: co-occurrence of unhealthy lifestyle behaviours

There has been an increasing focus on the prevalence of combinations of multiple
heath behaviours (Poortinga, 2007; Buck & Frosini, 2012; Spring et al, 2012; Hale &
Viner, 2013) and how these affect health outcomes (Ebrahim et al, 2004; Khaw et al,
2008). It is thought that such knowledge might help inform the most appropriate
intervention strategies for behaviour change (Hale & Viner, 2012). The overall
proportion of recruits engaging in three or four unhealthy behaviours was 39%.
Comparisons with the general population are difficult because of heterogeneity in the
approaches used to measure individual behaviours, different cut-offs being used for
categorisation, and data collected over different time periods thus making comparisons
more susceptible to secular trends. Furthermore, given the sociodemographic
patterning of unhealthy behaviours, it is important to compare with young men and,
preferably, with those from similar socioeconomic backgrounds to recruits in our
sample. Unfortunately, estimates for such specific groups are not always readily
available. A number of studies have examined multiple health behaviours in
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adolescence (Spring et al, 2012), but prevalence estimates are usually for younger age
groups. Buck and Frosini (2012) recently reported that in 2008, 28% of 16-24 year old
men in the general population engaged in three or four unhealthy behaviours. This
compares with 40% among recruits in this study. To our knowledge, no other studies
have reported the prevalence of co-occurring lifestyle behaviours in a British military
population.

Particular groups in society are more likely to adopt unhealthy lifestyle behaviours.
Studies in the UK have found a higher prevalence among adults who are young, male
and from poorer socioeconomic circumstances (Chiolero et al, 2006; Poortinga, 2007;
Buck & Frosini, 2012). Infantry recruits are a population subgroup that typically falls
within these categories. Nonetheless, sociodemographic characteristics were assessed
as predictors of multiple unhealthy behaviours within the current sample of recruits.
Although the evidence was weak with no apparent patterning, the youngest recruits (17
year olds) generally appeared less likely than older recruits to report unhealthy
lifestyles, but the age range assessed was very narrow (91% of recruits were younger
than 24 years). National population surveys typically collapse 16-24 year olds into a
single age group. However, analyses of the 2011 Health Survey for England dataset
suggest that the prevalence of smoking and hazardous alcohol consumption is lower
among 16-17 than 18-24 year olds (National Centre for Social Research, 2012).

Ethnicity was also associated with number of unhealthy lifestyle behaviours. Non-white
recruits had much lower odds of reporting two or more unhealthy behaviours compared
with their British counterparts. This is consistent with findings from the civilian literature
based on Scottish adults (Lawder et al, 2010) and English adolescents (Hale & Viner,
2013). Such an association has also been observed in other military studies
investigating individual behaviours. For example, white personnel have been shown to
be more likely to report alcohol misuse in both the UK (Fear et al, 2007) and US
military (Ames et al, 2002; Bray et al, 2013). In addition, white military personnel are
more likely to smoke than their non-white counterparts (Bray & Hourani, 2007). This is
most likely due to cultural and religious differences between different ethnic groups
(NHS Health Development Agency, 2000).

Socioeconomic status is one of the fundamental drivers of inequalities in health
behaviours (McCartney et al, 2013). Both area-based and individual level measures of
deprivation are associated with multiple lifestyle risk factors in the general population
(Lawder et al, 2010; Buck & Frosini, 2012) and with individual unhealthy behaviours
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among UK Armed Forces soldiers (Fear et al, 2007) and recruits (Bray et al, 2013b).
However, there was no evidence to suggest that the number of co-occurring unhealthy
behaviours was patterned by income deprivation among infantry recruits in this study.
Our measure of deprivation was based on area level income data, meaning that it is
vulnerable to the ‘ecological fallacy’ i.e. not all deprived recruits will live in deprived
areas (Sedgwick, 2011). Yet, Bray et al (2013b) found a strong association between
smoking prevalence and the area-based Index of Multiple Deprivation among military
recruits in the UK Armed Forces, a pattern not revealed in additional analyses of our
own data (Appendix K). The different findings may be due to the fact that Bray and
colleagues (2013b) examined the association between deprivation and smoking
prevalence using estimates for all Armed Forces services and trade groups.
Nonetheless, data on area-based or individual (e.g. education) markers of
socioeconomic status are useful for assessing the social patterning of lifestyle
behaviours and should be more routinely collected and utilised.

6.5.4

Interpretation: associations between unhealthy behaviours

Health behaviours are known to correlate (Khaw et al, 2008; Spring et al, 2012). This
study found a strong association between smoking and hazardous alcohol
consumption levels. This is unsurprising given the high prevalence of these behaviours
among this recruit Army population. It is also the most commonly reported combination
of unhealthy behaviours in civilian populations (Tobias et al, 2007). Another frequently
observed association is between self-reported physical activity levels and indicators of
a healthy diet (Gillman et al, 2001). Despite a relatively low proportion of recruits
perceiving that they were less active than others of the same age, those who did had
increased odds of also reporting low fruit and vegetable consumption.

The association between smoking and physical activity is more varied. Some studies
have shown that smokers are more likely to be active (Schuit et al, 2002; Poortinga,
2007), while others have found the opposite (Laaksonen et al, 2001; Chiolero et al,
2006) or no association (Trost et al, 2002). The inconsistent findings may be due to the
different study populations investigated. On that basis, it could be hypothesised that no
association would be observed in our study given the homogenous nature of our
sample of young, male and relatively fit military recruits with a high prevalence of
current smokers. In fact, recruits who smoked in this study were more likely than nonsmokers to report lower physical activity levels. This is an important finding because,
as described in Section 2.5.4, both smoking and low physical activity levels have been
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shown to be risk factors for training injuries, a major problem among military recruits
(Knapik et al, 2001a; Knapik et al, 2013a).

The associations observed between unhealthy behaviours in this study complement
the findings in Study 2, which assessed the validity of the MPQ’s physical activity selfreport measures against objective outcomes. As objective outcome measures were
only available for indicators pertaining to physical activity, associations between
behaviours can enable an indirect assessment of validity where objective criterion
measures for health behaviours are not available (Haddock et al, 2006). Indeed, the
well-established relationship between smoking and drinking, and between physical
activity and diet, has been demonstrated. Although less definitive than the study
findings reported in Chapter 4, this provides additional support that the MPQ is an
appropriate tool for capturing lifestyle information among military recruits. This is further
enhanced by the analyses performed in Appendix K, which reveal consistent
differences in the prevalence of unhealthy behaviours between white/non-white and
British/non-British populations. The consistency of these hypothesised
sociodemographic patterns lend support to the utility of the MPQ.

6.5.5

Interpretation: clustering of unhealthy behaviours

There has been much ambiguity about the definition of clustering of health behaviours.
Clustering is not simply the co-occurrence of, or association between, multiple
behaviours. Rather, clustering is the co-occurrence of behaviours beyond that which
could be expected by chance (Tobias et al, 2007). Clustering is indicated when O/E
ratios are high for either no or all unhealthy behaviours, but low for single behaviours
(Ebrahim et al, 2004). This was observed in our study, which suggests that the
behaviours investigated are not independent of each other and may, in fact, reflect a
common causal pathway (Ebrahim et al, 2004; Tobias et al, 2007).

Two main theoretical models have been posited to explain the co-occurrence or
clustering of unhealthy behaviours, largely emerging from research into adolescence
risk taking behaviour (Hale & Viner, 2012). Gateway models are based on the
contention that those who engage in a particular risky behaviour (e.g. smoking) are
more likely to be exposed to, and therefore have greater opportunities to engage in,
other risky behaviours (e.g. drinking) (Wagner & Anthony, 2002). The ‘single syndrome’
theory, on the other hand, suggests that early years experiences that result in poor
emotional wellbeing and societal connectedness are likely to underpin propensity to
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engage in unhealthy behaviours (Jessor, 1991; Colman et al, 2009; von Stumm et al,
2011).

It could be argued that both of these proposed mechanisms are preceded by structural
or ‘fundamental causes’ related to socioeconomic status (Link & Phelan, 1995). Indeed,
markers of socioeconomic status are strong predictors of multiple unhealthy behaviours
in most other studies but, as alluded to earlier, no such association was found in this
study. The underlying factor responsible for multiple unhealthy behaviours in infantry
recruits therefore remains uncertain. It is plausible that infantry recruits have individual
characteristics that make them more likely to engage in risky health behaviours (Jones
& Fear, 2011), irrespective of the area in which they lived before joining the Army.

6.5.6

Study limitations

This study had a number of limitations. The behaviours were self-reported, which may
introduce social desirability bias if recruits answered questions in a manner that they
felt would be viewed favourably by others (e.g. British Army staff). However, the
physical activity questions have been validated against an objective criterion measure
(see Chapter 5) and there was a strong dose-response association between smoking
and alcohol consumption (Table L4, Appendix L). Furthermore, a number of important
steps were taken to ensure that the potential for social desirability was minimised (see
Section 3.25). This suggests that recruits provided accurate and honest responses.

Behavioural data were collected using the recently developed Military Pre-training
Questionnaire (see Chapters 3 & 4) and so were measured and defined in a specific
way. This made direct comparisons with other studies difficult, particularly comparisons
of the prevalence of multiple unhealthy behaviours.

Finally, there are certain features of the study design that might limit generalisability of
our results to other military recruit populations. While respondents were representative
of British Army infantry recruits, this meant that they were mostly white, British males.
Nonetheless, pairwise associations observed in our population were generally similar
to those reported in other studies using diverse populations and settings. It is therefore
suggested that the findings and their implications may apply to other military personnel,
both in the UK and in other countries.
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6.5.7

Implications

Knowledge on the prevalence, co-occurrence and clustering of unhealthy lifestyle
behaviours among military recruits in the UK is novel and has implications for Army
health improvement policy and practice. The high prevalence of smoking, alcohol
consumption and poor diet (as indicated by low fruit and vegetable consumption)
indicates that unhealthy behaviours are already acquired among many incoming
recruits, which may have negative consequences in terms of training progression and
military capability (Fear et al, 2007; Iversen et al, 2009; Rona et al, 2010; Aguirre et al,
2013; Bray et al, 2013a; Bray et al, 2013b). This presents an obvious challenge to
influencing behaviour change, particularly given recruits are entering an environment in
which smoking and alcohol consumption are often culturally ingrained (Nelson &
Pederson, 2008; Jones & Fear, 2011). However, as a period of institutional life where
actions are often externally directed and schedules ordered, military training also
presents a unique opportunity to improve the health behaviours of a population subgroup that is notoriously hard to reach.

The most common approach to achieving health behaviour change is interventions
targeted at individual behaviours. Health education on its own is typically ineffective
(Rutherford & Reid, 2013) suggesting more specific interventions are required. For
instance, smoking cessation has been shown to be effective in military settings (Owen,
2009). To reduce hazardous and harmful drinking, alcohol brief interventions (ABI) are
one of the most effective evidence-based interventions (Kaner et al, 2007). ABIs are
short, structured and non-confrontational conversation about alcohol consumption and
have been found to be both feasible and acceptable in groups unlikely to engage in
other mainstream health improvement initiatives (Graham et al, 2012). Their
effectiveness in military settings, however, has not been thoroughly evaluated (Gmel et
al, 2012).

Improvement of an individual unhealthy behaviour may increase the likelihood of
healthy changes in other behaviours (Spring et al, 2012). However, the growing
recognition that unhealthy lifestyle behaviours have common risk factors, particularly
among adolescents and young adults, has led to increased attention on interventions
that focus simultaneously on multiple behaviours (Hale & Viner, 2012; Spring et al,
2012). For instance, in a recent paper, Hale & Viner (2012) discuss the importance of
enhancing personal assets that might act as protective factors such as mental
wellbeing skills, self-esteem and social connectedness. Such approaches have shown
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mixed effectiveness in school-based settings (Jackson et al, 2010), but nonetheless
might have potential in military contexts.

The success of lifestyle interventions, whether focused on individual or multiple
behaviours, depends heavily on wider environmental and cultural influences.
Increasing the price of alcohol and tobacco is one of the most effective ways of
reducing consumption (Cornuz et al, 2003; Babor et al, 2010). Yet, lower prices than
can be found in civilian settings are commonplace in military establishments (Fear et al,
2007; Haddock et al, 2013). A ban on smoking is imposed on US military recruits
during Basic Combat Training (Jahnke et al, 2011) and has been shown to have
assisted more recruits to stop smoking than could have been expected without the ban
(Hurtado & Conway, 1996). Such ‘upstream’ regulatory measures have been
investigated in the UK with some success (Fear et al, 2007) and should continue to be
explored.

For diet, the structured military training environment provides opportunities to make
healthier food options more available. Bingham et al (2012b) manipulated selection,
placement, and attractiveness of healthy foods in garrison outlets during Finnish
military training and found that it led to healthier dietary choices across most food
groups with the exception of fruit and vegetables.

In addition to these more structural changes, a health-promoting culture is also a key
principle of effective behaviour change interventions (Jahnke et al, 2011; Jackson et al,
2012). Strong and consistent messages by senior military personnel that frame
unhealthy behaviours as non-normative are likely to increase the chances of success
of other behaviour change practices (Jahnke et al, 2011).

6.5.8

Conclusion

This study has found that the majority of British Army recruits entering infantry training
are likely to smoke, drink hazardously and have low fruit and vegetable consumption.
In contrast, a minority self-report low levels of physical activity. These unhealthy
behaviours are associated with each other with most recruits engaging in at least two,
and more than expected engaging in all four. The high prevalence of multiple unhealthy
behaviours increases the risk of negative health and performance outcomes for recruits
and has important implications for military health improvement strategies. Policies and
interventions that specifically target multiple unhealthy behaviours, make unhealthy
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commodities less affordable and available, and create a culture in which unhealthy
behaviours are non-normative should be developed and evaluated.

6.6

Key points

 There is lack of intelligence on lifestyle behaviours among UK military recruits.
 This study has found that smoking, hazardous alcohol consumption and low fruit
and vegetable consumption are prevalent behaviours among British Army infantry
recruits.
 Unhealthy behaviours are clustered in British Army infantry recruits and a majority
engage in multiple unhealthy behaviours before entering training.
 The military recruit training environment presents both challenges and opportunities
for health improvement. Interventions targeted at environmental and cultural
determinants of health behaviour are likely to be most effective.
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7

Study 4: Epidemiology of training injuries in
British Army infantry recruits: a prospective
cohort study

7.1

Abstract

Background
Injuries sustained by military recruits during initial training impede training progression
and military readiness while increasing financial costs. Research which quantifies injury
incidence and identifies modifiable risk factors in specific populations is crucial to the
injury control process. A more detailed understating of injuries among British Army
infantry recruits is required.
Aim
To investigate training-related injuries and injury risk factors among British Army
infantry recruits.
Methods
Recruits who passed a medical examination and commenced infantry training at the
British Army Infantry Training Centre, Catterick, UK between September 2008 and
March 2010 were eligible to take part in the study. At the start of training, recruits
completed the Military Pre-training Questionnaire, which contained items on lifestyle
behaviours and injury history, while data on sociodemographic, anthropometric and
physical fitness characteristics were obtained from Army databases. Data on lower limb
and lower back injuries sustained during training were obtained for 1,810 recruits.
Descriptive analyses explored injury severity, diagnosis, location and incidence rate.
Univariable and multivariable Cox regression models were used to explore the
association between time to first training injury and potential risk factors.
Results
Fifty-eight percent (95% confidence interval 55 to 60) of recruits sustained at least one
injury during training. Overuse injuries were more common than traumatic injuries (65%
and 35%, respectively). The lower leg accounted for 81% of all injuries and nonspecific soft tissue damage was the leading diagnosis (55% of all injuries). Injuries
resulted in 122 (118 to 126) training days lost per 1000 person-days. Slower 2.4 km run
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time, low body mass, past injury and shin pain were independently associated with
higher risk of any injury.
Conclusions
There was a high incidence of overuse injuries in British Army recruits undertaking
infantry training. Recruits with lower pre-training fitness levels, low body mass and past
injuries were at higher risk. Reduced 2.4 km run time performance and minimal body
mass standards should be considered for infantry physical entry criteria.
Key words
Military; injury; risk factors; lifestyle; epidemiology.

7.2

Introduction

An inevitable consequence of the necessarily high physical demands placed on military
personnel is the risk of training-related musculoskeletal injuries. Indeed,
musculoskeletal injuries have long been identified as a major problem among military
populations, resulting in loss of training time, reduced performance and, in some cases,
permanent discharge (Blacker et al, 2005). In an attempt to develop more effective
preventative strategies, epidemiological studies have been conducted in various
military settings to quantify the scale of the injury problem, and to identify the factors
associated with increased injury risk (Jones et al, 1993; Reynolds et al, 1999; Altarac et
al, 2000; Knapik et al, 2001a; Blacker et al, 2005; Havenetidis & Paxinos, 2011; Knapik
et al, 2013a; Knapik et al, 2013b; Lisman et al, 2013; see Section 2.5.4 for review of
the literature).

Most previous research into injuries during military training has been carried out in the
US (Jones et al, 1993; Reynolds et al, 1999; Altarac et al, 2000; Knapik et al, 2001a).
One published study in the UK reported that almost 60% of 660 infantry soldiers
suffered at least one injury during pre-deployment training, with previous injury and
younger age identified as independent risk factors (Wilkinson et al, 2011). Blacker et al
(2005) examined injuries across different British Army initial training courses and found
2.4 km run time, ethnicity and body mass index (BMI) to be independent risk factors for
training injury. Training establishment attended was also an injury risk factor. However,
only injuries leading to medical discharge were available in the infantry cohort. The
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authors therefore highlighted a need to accurately quantify injury incidence and injury
risk factors among British Army infantry recruits (Blacker et al, 2005). This is
particularly important because infantry recruits perform the most arduous British Army
initial training course (Wilkinson et al, 2008) and have the highest rates of medical
discharge due to training injuries (Blacker et al, 2005).

The main purpose of this study was to quantify injury rates among British Army infantry
recruits during initial training. In addition, a selected number of sociodemographic,
anthropometric, lifestyle and fitness characteristics were examined as potential risk
factors for injury.

7.3

Methods

7.3.1

Study design

A prospective cohort study design was used. Recruits entering the Line infantry, Guard
and Parachute regiments who passed an initial Army medical examination and
commenced the Combat Infantryman’s Course at the Infantry Training Centre,
Catterick, UK between September 2008 and March 2010 were eligible to take part in
the study. New intakes of platoons (consisting of ~50 recruits) initiate infantry training
every two weeks and over the course of this study recruits in 40 platoons were invited
to participate. All infantry recruits embark on 14 weeks of standard initial training
(Phase 1), followed by 12-14 weeks of trade training specific to their regiment (Phase
2). The training syllabus is highly physically demanding consisting of loaded marching,
strength and endurance exercise, weapons handling, self-defence, bayonet fighting,
intense tactical field exercises and adventure training.

Recruits were invited to participate during week one of training by a member of Army
staff after receiving a full written and oral explanation of the study. Recruits were
assured that participation in the study was voluntary and that non-participation would
have no influence on training outcome or their military career. Ethical approval was
obtained from the Ministry of Defence Research Ethics Committee.

7.3.2

Lifestyle characteristics

After providing written informed consent, participants willing to take part in the study
were asked to complete the Military Pre-training Questionnaire (MPQ). A full
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description of the MPQ is provided in Section 3.1. In brief, the MPQ is a reliable selfreport instrument specifically designed to assess risk factors for injury among military
recruits across five domains: physical activity; injury history; diet; alcohol; and smoking
(see Chapters 3 & 4). The questionnaire requested participants’ service personnel
number (i.e. not their name), which was covered and sealed using a protective security
strip before submission.

7.3.3

Sociodemographic, anthropometric and physical fitness

Data on participants’ sociodemographic, anthropometric and physical fitness
characteristics before training, and on training outcome, were extracted from the British
Army’s Training, Administration and Financial Management Information System by staff
members in the Department of Occupational Medicine, Army Recruiting and Training
Division.

Participants who resided in the UK at selection were assigned an income deprivation
score based on their postcode (see Section 3.4.3). Income deprivation scores were
categorised into quintiles, with ‘1’ being the 20% most income deprived areas of the UK
and ‘5’ being the 20% least income deprived areas.

7.3.4

Injuries

An injury was defined as an event that occurred during training, resulted in damage to
the body, and for which the recruit sought medical care. Medical staff at the Infantry
Training Centre record details of all reported injuries incurred by recruits into a
computer database. Details included: date of visit, diagnosis, anatomical location,
number of training days lost, injury outcome and outcome date. Diagnoses included
categorisation of injuries into traumatic or overuse. Traumatic injuries were defined as
those caused by a single abrupt overload of the tissue or joint with sudden onset and
usually a known cause (Knapik et al, 2001a; Ekstrand et al, 2011). Overuse injuries
were defined as those resulting from long-term energy exchanges resulting in
cumulative microtrauma over time (Knapik et al, 2001a). Data on lower back and lower
limb injuries, which account for the majority of all injuries sustained during military
training (Jones et al, 2010a; Havenetidis et al, 2011; Wilkinson et al, 2011; Zambraski
& Yancosek, 2012), were extracted by British Army staff. Two categories of injury were
created: ‘any injuries’, which included all lower back and lower limb training injuries
recorded on the injury database (i.e. all individual visits by recruits to a medical care
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provider); and, ‘time-loss injuries’, which included all training injuries resulting in one or
more days of restricted duty. By combining the different types and categories of injury,
six injury groupings were obtained (Table 7.2) (Wilkinson et al, 2011).

7.3.5

Data analyses

All statistical analyses were performed using the Statistical Package for the Social
Sciences version 19.0 (IBM United Kingdom Limited, Portsmouth, UK). Descriptive
analyses were performed on all data related to sociodemographic, anthropometric,
physical fitness, lifestyle and injury characteristics. Injury incidence proportion was
calculated as:

Injury incidence (%) = number of recruits with one or more injuries
÷ total number of recruits × 100

Due to recruit attrition and because not all recruits completed training, person-time
injury incidence rates and new injury diagnosis rates were calculated as:

Injury incidence rate (per 1000 person-days)
= number of recruits with one or more injuries
÷ total time at risk in days × 1000

New injury diagnosis rate (per 1000 person-days)
= total number of injuries
÷ total time at risk in days × 1000

For recruits who completed training or were discharged before competing training, time
at risk was calculated as:

Time at risk (days) = Training completion or discharge date
− training start date − days lost due to injury

Cox regression was used to examine the association between the time to first injury
(any injury and time-loss injury) and potential risk factors. All continuous variables were
categorised to explore possible dose-response associations (von Elm et al, 2007).
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Variables were categorised into quintiles unless there was a more appropriate
categorisation based on the data distribution (as was the case for age, smoking status
and cigarette pack-years). Some categories of nominal (ethnicity) and ordinal (selfreported physical activity) variables were combined to increase statistical precision.
Comparisons between risk factor levels were made using the Wald statistic by
comparing the hazard at different levels with a reference level (defined as a hazard
ratio (HR) of 1). Risk factors that were significant at the p < 0.10 level in univariable
analyses were entered into a backward stepping multivariable Cox regression model
with exclusion set at p > 0.10 enabling independent injury risk factors to be identified
(Machin et al, 2006). Statistical significance was denoted as p < 0.05.

7.3.6

Missing data

Recruits who completed the MPQ at the start of the study but had no medical or
training data were not included in the study. Not all participants had a complete dataset
because some data were either missing or identified as erroneous. No systematic
differences were identified in sociodemographic characteristics and injury rates in those
that responded to the MPQ and those who did not, or in those with and without data on
sociodemographic characteristics. Missing data were therefore assumed to be at
random and were handled using listwise deletion. Full details of the missing data
analyses are provided in Section 3.5.4.

7.3.7

Sensitivity analyses

Sensitivity analyses were carried out to assess the impact of certain assumptions and
uncertainties on the robustness of the study results. First, the Cox regression analyses
were repeated using the forced entry method, entering all risk factors associated with
injury in univariable analyses (p < 0.10) into models simultaneously. Second, the
analyses were repeated using physical fitness data from week one of training instead
of data from the pre-training selection centre. This was done to assess if changes in
fitness in preparation of joining the Army influenced our results. Third, data on nontraining related injuries were analysed to enable comparison with those sustained
during training. Finally, a study in the US military found that injury incidence during
military training can be influenced by seasonality (Knapik et al, 2002). Although based
on a shorter training programme (8 week) and in different environmental conditions to
the UK, final regression models were adjusted for the season recruits commenced
training.
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7.3.8

Supplementary analyses

Additional unplanned post-hoc analyses were performed to better understand the
characteristics of recruits who were discharged prior to the completion of training.
Cross-tabulations and chi-square tests were used to assess whether there was a
difference in injury status and 2.4 km run time quintile (during week once of training)
between discharged and non-discharged recruits. In addition, descriptive statistics
were performed to examine specific reasons for discharge and the mean number of
days lost of training across discharge categories.

7.4

Results

7.4.1

Study population

A total of 1,960 recruits (mean  standard deviation for age, height, body mass and
body mass index (BMI) of 20.7  3.0 years, 1.77  0.07 m, 70.8  9.8 kg and 22.6  2.7
kg/m2, respectively) completed at least part of the MPQ at the start of the study. The
large majority (93%) of recruits were of white ethnic origin and the proportion of recruits
who participated in the study was strongly patterned by area deprivation: 32% of
recruits residing in the UK at selection lived in the most income deprived quintile of
areas decreasing steadily to only 10% who lived in the least income deprived quintile.
Response rate was unknown as not all incoming platoons were invited to participate.
Injury data were available for 1,810 recruits, of whom 520 were discharged before
completing training (both injury and non-injury related discharge).

7.4.2

Descriptive analysis of injuries

Of the 1,810 recruits with medical data, 1,045 sustained one or more injuries during
training, giving an injury incidence of 58% (95% confidence interval 55 to 60%). There
were a total of 1,785 injuries over the study period and 1040 (58% (56 to 61%)) of
these were time-loss injuries. Time-loss injuries resulted in a median of 24 days
(interquartile range 7 to 71) of restricted duties. Most injuries (54%) occurred in the first
six weeks of training.
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The most common type of new injuries were overuse injuries, accounting for 65% of all
new injuries. The knee (27%), foot (26%), ankle (18%) and shin (10%) were the most
frequently reported injury sites meaning that the lower leg accounted for 81% of all
reported injuries. Non-specific soft tissue damage was the most commonly reported
diagnosis, accounting for 55% of all injuries (63% of traumatic injuries and 50% of
overuse injuries) (Table 7.1). Muscle strains were the next most common traumatic
injury (14%), while blisters accounted for 19% of overuse injuries.

After accounting for missing or erroneous data, valid time at risk could be calculated for
1686 recruits. Recruits spent a mean of 186 ± 84 days in training and injuries resulted
in 122 (118 to 126) training days lost per 1000 person-days. Table 7.2 shows the injury
incidence and new injury diagnosis rates by injury type.

7.4.3

Injury risk factors

Table 7.3 shows the univariable associations between various potential risk factors and
either any injury or any time-loss injury. For any injuries, higher injury risk was
associated with lower body mass, slower 2.4 km run time (dose-dependent
association), previous fracture, prior shin pain, and injury in the past 12 months. With
the exception of prior fracture and injury in the past 12 months, the same risk factors
were associated with higher injury risk for any time-loss injuries. There was also weak
evidence to suggest that current smoking and higher cigarette pack years were
associated with higher risk of training injury.

In multivariable Cox regression analysis, independent risk factors for any injury
included low body mass, slower 2.4 km run time (dose-dependent association), prior
shin pain and injury in the past 12 months (Table 7.4). For any time-loss injuries,
evidence was strongest for an association with 2.4 km run time (dose-response
association) and prior shin pain. The survival curves of statistically significant risk
factors for any injury and time-loss injuries are provided in Figures 7.1 (a-d) and 7.2 (ab), respectively.

7.4.4

Sensitivity analyses

There were no substantive changes to the results when risk factors were entered
simultaneously into a Cox regression model (Table M1, Appendix M) or when 2.4 km
run time was used from week one of training rather than from the selection centre
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(Table M2, Appendix M). The characteristics of non-training injuries (n = 149) were
different to injuries sustained during training: 80% were traumatic compared with only
35% of training injuries. However, it was not feasible to explore specific risk factors for
non-training related injuries because of the relatively small number of cases. Adjusting
final regression models for the potentially confounding effects of seasonality did not
have an impact on the interpretation of the results (Table M3, Appendix M).

7.4.5

Supplementary analyses

Overall, there was no evidence to suggest that the 520 recruits (29% of total sample)
who were discharged were more likely to sustain a training injury than recruits who
were not discharged (discharged = 58%, not discharged = 58%, p = 0.94). However,
discharged recruits were more likely to have lower cardiorespiratory fitness, as
measured by the 2.4-km run time at selection. For example, 28% of discharged recruits
were in the slowest quintile compared with 17% of recruits who were not discharged. In
addition, the percentage of recruits in each run time quintile who were discharged
increased as run time quintile slowed (41% of recruits in the slowest quintile were
discharged compared with 23% in the fastest quintile).

Additional descriptive analyses showed that the largest proportion of recruits who did
not complete training discharged as of right (DAOR); half of these recruits sustained at
least one injury during training while the other half did not. A further 33% of discharged
recruits left initial training under Queen’s Regulation (QR) 9.414 which includes the
categroeis of ‘services no longer required and ‘released from Army service. The
reasons for discharge within this paragraph are broad but typically don’t relate to
medical or physical fitness (Ministry of Defence, 1975). The results showed that 58% of
recruits discharged under QR 9.414 sustained an injury during training, the same
proportion as those who completed training. Eleven percent of discharged recruits were
deemed medically unfit and, of these, 82% of recruits sustained a training injury. In
addition, the mean time lost from training among this group was 111 days compared
with 20 days for recruits who were not discharged and 12 days for recruits who DAOR.
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Table 7.1

Distribution of all injuries by anatomical location.
All injuries

Acute injuries

Overuse inuries

Diagnoses

Cases (n)

Proportion of all
injuries (%)

Cases (n)

Proportion of all
acute injuries (%)

Cases (n)

Proportion of all
overuse injuries (%)

Non-specific soft tissue

974

55

391

63

583

50

Muscle strain

236

13

89

14

147

13

Blister

218

12

2

0

216

18

Non-fracture bone

91

5

9

1

82

7

Ligament

75

4

57

9

18

2

Tendon

67

4

6

1

61

5

Stress fracture

30

2

0

0

30

3

Laceration

24

1

22

4

2

0

Fracture

27

2

17

3

10

1

NFCI

22

1

9

1

13

1

Bruising

16

1

14

2

2

0

Cartilage

5

0

0

0

5

0

Total

1785

100

616

100

1169

100
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Table 7.2

Person-time injury incidence and new injury diagnosis rates, by injury type (n =
1,686).

Injury
category

Injury incidence rate a
(95% CI)

New injury diagnosis
rate b (95% CI)

Any injury

3.5 (3.2 to 3.7)

5.9 (5.6 to 6.2)

Acute injury

1.2 (1.1 to 1.3)

2.1 (2.0 to 2.2)

Overuse

2.2 (2.1 to 2.4)

3.8 (3.7 to 4.0)

Any time-loss injury

1.9 (1.8 to 2.0)

3.4 (3.2 to 3.6)

Time-loss traumatic injury

0.7 (0.7 to 0.8)

1.2 (1.2 to 1.3)

Time-loss overuse injury

1.2 (1.1 to 1.3)

2.2 (2.1 to 2.3)

a. Injured recruits/1000 person-days
b. Injuries/1000 person-days
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Table 7.3

Univariable Cox regression results for any injury and any time-loss injury.
Any injury

Variable

Level of variable

Time Loss injury
95% CI

n

HR

17

310

1

18-19

531

0.91

0.75

20-21

390

0.99

0.82

≥22

451

1.00

0.82

Ethnicity

White

1568

1

Income
deprivation

Other

114

0.82

HR

Referent

310

1

to 1.09

0.30

529

0.97

0.75

to 1.26

0.83

to 1.21

0.95

390

1.21

0.93

to 1.58

0.16

to 1.20

0.96

450

1.17

0.90

to 1.52

Referent

1565

1

0.14

114

1.05

Referent

480

1

0.61

0.64

to 1.07

0.23
Referent

0.76

to 1.45

0.78
0.55

481

1

2

376

1.01

0.85

to 1.21

0.89

376

0.91

0.72

to 1.16

0.46

3

301

0.91

0.75

to 1.10

0.33

298

0.98

0.76

to 1.26

0.88

4

237

0.94

0.76

to 1.15

0.55

238

0.79

0.59

to 1.05

0.10

5 Least deprived

222

0.97

0.79

to 1.20

0.78

221

0.98

0.74

to 1.29

Referent

0.88

Referent

313

1

0.13

0.34

158 - 172

313

1

172 - 175

357

1.15

0.95

to 1.40

0.15

354

1.09

0.83

to 1.42

0.55

175 - 179

321

1.02

0.83

to 1.26

0.83

319

0.98

0.74

to 1.31

0.92

179 - 182

358

1.01

0.82

to 1.23

0.96

359

1.16

0.89

to 1.52

0.26

182 - 200

314

0.88

0.71

to 1.08

0.23

314

0.89

0.67

to 1.18

Referent

0.42

0.02

0.04

47 - 62

331

1

Referent

62 - 68

334

0.74

0.61

to 0.91

0.004

330

0.71

0.54

to 0.95

0.02

68 - 72

336

0.76

0.62

to 0.93

0.007

333

0.92

0.70

to 1.19

0.51

72 - 79

325

0.88

0.73

to 1.07

0.20

334

1.07

0.83

to 1.39

0.60

79 - 103

337

0.80

0.66

to 0.97

0.02

326

0.84

0.64

to 1.10

0.19

Referent

329

1

Body mass index

1

Referent

0.34

0.96

14.5 - 20.2

330

1

20.2 - 21.6

330

1.07

0.87

to 1.30

0.53

330

1.06

0.81

to 1.40

0.66

21.6 - 23.1

341

0.89

0.72

to 1.09

0.24

337

0.99

0.75

to 1.31

0.96

23.1 - 25.0

329

0.94

0.77

to 1.15

0.55

330

1.06

0.80

to 1.39

0.69

25.0 - 30.8

332

1.05

0.86

to 1.28

0.64

332

1.08

0.82

to 1.42

2.4 km run-time (s)

Back extension
strength (kg)

0.17

1 Most deprived

Body mass (kg)

2

p

Referent

0.83

Height (cm)

(kg/m )

95% CI

n

Age (years)

p

Referent

0.001

0.59
0.001

456 - 575

328

1

Referent

325

1

575 - 604

331

1.19

0.96

to 1.46

0.11

330

1.27

0.95

to 1.70

Referent
0.10

604 - 629

341

1.28

1.05

to 1.57

0.02

339

1.27

0.96

to 1.69

0.10

629 - 662

337

1.30

1.06

to 1.60

0.01

336

1.38

1.04

to 1.84

0.03

662 - 762

322

1.55

1.27

to 1.91

0.00

324

1.82

1.38

to 2.39

0.00

Referent

324

1

0.15

0.25

54 - 84

328

1

84 - 93

331

0.83

0.68

to 1.02

0.08

338

0.83

0.62

to 1.09

0.18

93 - 101

341

0.90

0.74

to 1.10

0.31

333

1.06

0.81

to 1.39

0.65

101 - 111

337

0.82

0.67

to 1.01

0.06

325

0.91

0.69

to 1.20

0.52

111 - 160

322

1.00

0.82

to 1.22

1.00

333

1.09

0.84

to 1.42

0.53

Referent

332

1

Static lift strength
(kg)
46 - 97

Referent

0.58

0.82

332

1

Referent

97 - 107

333

0.88

0.72

to 1.08

0.22

332

0.92

0.70

to 1.21

0.55

107 - 118

329

0.93

0.76

to 1.13

0.45

327

0.94

0.71

to 1.23

0.64

118 - 131

339

0.87

0.71

to 1.06

0.17

339

1.06

0.81

to 1.38

0.66

131 - 197

326

0.87

0.71

to 1.06

0.16

324

0.93

0.71

to 1.23

0.63

Referent

308

1

0.45

0.38

Maximum number
of pull ups (n)
1-5

308

1

5-7

301

0.91

0.74

to 1.12

0.39

299

1.08

0.81

to 1.43

0.59

7-9

324

0.95

0.78

to 1.16

0.62

324

1.16

0.88

to 1.53

0.28

9 - 11

426

0.84

0.69

to 1.02

0.08

426

0.91

0.69

to 1.19

0.48

11 - 26

264

0.97

0.79

to 1.20

0.79

260

1.10

0.82

to 1.47

0.52

Referent
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Table 7.3

Continued.
Any injury

Variable

Level of variable

Time Loss injury
95% CI

n

HR

Never smoker

443

1

Ex smoker

310

1.02

0.84

1-10 cigs/day

507

1.13

0.96

>10 cigs/day

317

1.23

1.02

HR

Referent

440

1

to 1.23

0.88

308

1.18

0.91

to 1.54

0.22

to 1.34

0.15

508

1.35

1.07

to 1.69

0.01

to 1.49

0.03

316

1.26

0.97

to 1.63

0.09

Referent

748

1

0.11

Cigarette pack
years a

0.13

Non-smoker

753

1

0.1 - 2.6

270

1.11

0.93

to 1.34

0.25

270

1.23

0.97

to 1.57

0.09

2.6-5.0

271

1.27

1.06

to 1.52

0.01

272

1.24

0.97

to 1.57

0.08

5.0+

268

1.14

0.95

to 1.38

0.15

267

1.24

0.98

to 1.58

0.08

Referent

Referent

338

1

d

Health score
(number of
unhealthy
behaviours)e
Prior fracture

325

1

4-6

339

0.97

0.80

to 1.18

0.76

341

1.00

0.77

to 1.30

1.00

6-8

334

0.89

0.74

to 1.08

0.23

399

0.86

0.66

to 1.12

0.26

8-9

325

1.01

0.81

to 1.25

0.95

229

0.93

0.69

to 1.25

0.61

9 - 12 (highest)

335

0.89

0.73

to 1.09

0.27

330

0.99

0.76

to 1.29

Referent

0.93

Referent

311

1

0.87

0.22

1.1 - 1.7 (most)

312

1

1.7 - 1.9

338

0.92

0.75

to 1.12

0.41

337

1.00

0.77

to 1.31

0.99

1.9 - 2.0

390

0.90

0.74

to 1.09

0.29

384

0.99

0.76

to 1.28

0.92

2.0 - 2.2

266

0.94

0.76

to 1.16

0.58

264

1.03

0.78

to 1.36

0.84

2.2 - 3.0 (least)

355

0.94

0.77

to 1.14

0.53

355

0.76

0.58

to 1.01

Referent

0.06

Referent

742

1

0.52

0.57

More active

743

1

About the same

531

1.03

0.89

to 1.20

0.65

532

1.05

0.86

to 1.28

0.66

Less active

377

1.10

0.93

to 1.30

0.25

374

1.13

0.90

to 1.40

0.29

0 or 1

401

1

Referent

398

1

2

535

1.17

0.99

to 1.39

0.07

534

0.96

0.76

to 1.21

3 or 4

628

1.10

0.93

to 1.30

0.28

627

1.14

0.91

to 1.42

No

904

1

Referent

900

1

0.03

755

1.17

Referent

1474

1

0.64

28

1.39

Referent

1407

1

Yes

754

1.15

Prior stress
fracture

No

1479

1

Prior shin pain

No

Injury in past 12
months

0.74

0 - 4 (lowest)

c

Self rating of
physical activity
compared with
others

0.08

0.61

consumptionb

p

Referent

0.06

Alcohol

Healthy diet

95% CI

n

Smoking status

p

Yes

28

1.13

1410

1

Yes

243

1.26

No

1284

1

Yes

368

1.20

1.02
0.68
1.06
1.03

to 1.31
to 1.88
to 1.50
to 1.39

0.009

243

1.61

Referent

1281

1

0.02

368

1.17

Referent

Referent
0.71
0.25
Referent
0.99

to 1.39

0.07
Referent

0.75

to 2.61

0.30
Referent

1.30

to 2.00

<0.001
Referent

0.96

to 1.44

0.12

a. One pack-year of smoking would mean that someone had smoked, on average, one pack of cigarettes
(20 cigarettes) daily for one year.
b. Alcohol consumption based on Alcohol Use Disorders Identification Test (Consumption) score (Bush et
al, 1998)
c. Diet based on Rapid Eating Assessment for Patients (Gans et al, 2006)
d. Response categories of physical activity were collapsed (‘less active’ includes ‘much less active’; ‘more
active’ includes ‘much more active’).
e. The formulation of the health behaviour score is described in Section 6.2.
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Table 7.4

Multivariable Cox regression results for any injury and any time-loss injury.
Any injury

Variable

Level of
variable

n

Time Loss injury

HR

95% CI

Body mass (kg)
301

1

Injury in past 12
months

HR

95% CI

62 - 68

296

0.79

68 - 72

315

0.74

72 - 79

291

79 - 103

p value
0.15

Referent

310

1

0.64 0.98

0.03

311

0.77

0.57 1.03

0.08

0.61 0.91

0.01

324

0.90

0.68 1.18

0.44

0.82

0.66 1.00

0.05

308

1.01

0.77 1.33

0.92

312

0.71

0.58 0.88

0.001

325

0.73

0.55 0.97

0.03

456 - 575

306

1

Referent

Referent

312

1

575 - 604

297

1.14

0.92 1.42

0.24

308

1.27

0.94 1.70

0.11

604 - 629

310

1.32

1.07 1.64

0.01

326

1.30

0.97 1.74

0.08

629 - 662

308

1.32

1.07 1.64

0.01

323

1.37

1.02 1.83

0.04

662 - 762

294

1.60

1.29 1.99

0.00

309

1.86

1.40 2.47

<0.001

857

1

<0.001

No
Yes

Prior shin pain

n

0.01
47 - 62

2.4 km run-time (s)

Prior fracture

p value

No

1295

1

Yes

220

1.21

No

1181

1

Yes

334

1.19

Referent
1.01 1.46

0.04

0.001

721

1.18

1346

1

232

1.55

Referent

Referent
0.99 1.41

0.06
Referent

1.24 1.94

<0.001

Referent
1.01 1.39

0.03
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Figure 7.1a

Adjusted survival probability of not sustaining any injury during British Army
infantry training, stratified by 2.4 km run time quintile. Notes: Results from Cox
regression analysis with adjustment for body mass, injury in the past 12 months
and prior shin pain. The median survival time (days) of the different quintiles
(from unadjusted Kaplan-Meier survival analysis) was: Fastest = 155; Q2 = 135;
Q3 = 128; Q4 = 108; Q5 = 68).

Figure 7.1b

Adjusted survival probability of not sustaining any injury during British Army
infantry training, stratified by body mass quintile. Note: Results from Cox
regression analysis with adjustment for 2.4 km run time, injury in the past 12
months and prior shin pain. The median survival time (days) of the different
quintiles (from unadjusted Kaplan-Meier survival analysis) was: Lightest = 82; Q2
= 148; Q3 = 141; Q4 = 127; Q5 = 142).

164

Figure 7.1c

Adjusted survival probability of not sustaining any injury during British Army
infantry training, stratified by whether recruit had previously experienced shin
pain. Notes: Results from Cox regression analysis with adjustment for 2.4 km run
time, body mass and injury in the past 12 months. The median survival time
(days) of the different groups (from unadjusted Kaplan-Meier survival analysis)
was: Prior shin pain = 75; No prior shin pain = 130.

Figure 7.1d

Adjusted survival probability of not sustaining any injury during British Army
infantry training, stratified by whether recruit had suffered an injury in the past 12
months. Notes: Results from Cox regression analysis with adjustment for 2.4 km
run time, body mass and prior shin pain. The median survival time (days) of the
different groups (from unadjusted Kaplan-Meier survival analysis) was: Past injury
= 107; No past injury = 131.
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Figure 7.2a

Adjusted survival probability of not sustaining any time-loss injury during British
Army infantry training, stratified by 2.4 km run time quintile. Note: Results from
Cox regression analysis with adjustment for body mass, prior shin pain and prior
fracture.

Figure 7.2b

Adjusted survival probability of not sustaining any time-loss injury during British
Army infantry training, stratified by whether recruit had previously experienced
shin pain. Note: Results from Cox regression analysis with adjustment for 2.4 km
run time, body mass and injury in the past 12 months.
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7.5

Discussion

7.5.1

Main findings

This prospective cohort study is the first to provide a detailed systematic analysis of
injury rates and associated risk factors among British Army recruits undertaking infantry
training. Overall, 58% of recruits sustained at least one injury to the lower back or lower
limb that required medical attention, the majority of which led to time lost from training.
The injury incidence rate was 3.5 recruits/1000 person-days and the new injury
diagnosis rate was 5.9 injuries/1000 person-days. The majority of injuries were nonspecific soft tissue injuries, sustained in the knee or foot and categorised as overuse.
Slower 2.4 km run time, low body mass, self-reported injury in the past 12 months and
prior shin pain were independently associated with higher injury risk.

7.5.2

Injury incidence

Although different methodological approaches were used, injury incidence rates among
infantry recruits in the present study appear considerably higher than those reported for
male non-infantry British Army recruits (Blacker et al, 2005). This is consistent with the
fact that recruits undertaking infantry training have the highest injury-related medical
discharge rate across all British Army initial training courses (Blacker et al, 2005). This
is unsurprising as the infantry training syllabus is among the most physically
demanding initial training course in the British Armed Forces (Wilkinson et al, 2008)
meaning recruits have a greater exposure to risk. Variations in injury incidence rates
among army recruits in different countries (see Table 2.1, Chapter 2) are more difficult
to explain due to differences in training practices, training populations, environmental
conditions and injury prevention strategies.

The methodological and analytical approach taken in this study was similar to that
described by Wilkinson and colleagues (2011), who investigated injuries among trained
British Army infantry soldiers. The authors reported injury incidence and new injury
diagnosis rates (1.6 and 2.4 recruits/1000 person-days, respectively) that were less
than half of those reported for infantry recruits in the present study. The higher recruit
injury incidence rate in this study is probably due to recruits’ intense and concentrated
training regime, lack of training experience and a lower level of physical fitness than
trained soldiers (Davidson et al, 2008). This is supported by the fact that the majority
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(65%) of all training-related injuries in the present study were classified as overuse
compared with only 17% in trained infantry soldiers (Wilkinson et al, 2011).

7.5.3

Injury risk factors

Identifying risk factors associated with injuries is crucial for developing prevention
strategies. Consistent with previous studies involving run distances ranging from 2.4 to
3.2 km (Knapik et al, 2001a; Knapik et al, 2010; Trone et al, 2014), the present study
found that slower maximal effort run time was a significant independent risk factor for
injury among British Army infantry recruits, with strong evidence of a dose-dependent
association. Despite infantry training being designed to ensure gradual progressions in
intensity, this may not be manifested in actual physical demand (Izard et al, 2007;
Wilkinson et al, 2008). This may be because most tasks during initial military training
are conducted in squads, which means that although absolute exercise intensities will
be the same for all recruits, relative exercise intensities may vary widely depending on
individual recruit’s cardiorespiratory fitness levels (Blacker et al, 2005; Knapik et al,
2011). Recruits who find training most physically demanding are likely to experience an
earlier onset of fatigue, which can increase susceptibility to injury (Clansey et al, 2012).
Implementing pre-training conditioning programmes to high risk recruits (who could be
identified using the MPQ’s single-item physical activity questionnaire (see Chapter 5)),
particularly given most injuries occurred in the first six weeks of training, should remain
an important consideration for the British Army (Bilzon et al, 2008). Structuring training
to ensure the physical demands are appropriate for the differing fitness levels of
entering recruits has also been recommended (Bullock et al, 2010). This might include
grouping recruits according to physical ability, running/marching for a specified time
period rather than distance and limiting running in formation (Bullock et al, 2010).
Ideally, these interventions should be formally evaluated to assess their effectiveness.
Other strategies such as stricter entry standards should also be considered.

As cardiorespiratory fitness is such a strong risk factor for injury, pre-training
conditioning programmes have been evaluated in US and UK military populations to
assess the consequent impact on training-induced injuries (Knapik et al, 2006; Bilzon
et al, 2008). Compared with recruits who did not meet fitness entry standards but were
allowed to enter initial training, a reduced injury risk was observed among US Army
recruits completing an additional training programme before commencing initial training
(Knapik et al, 2006; Bilzon et al, 2008). Bilzon and colleagues (2008) identified a
reduction in the incidence of medical discharges due to overuse injury following the
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introduction of a preconditioning course for British Army infantry recruits, but the effect
estimate was imprecise due to a small sample size (Bilzon et al, 2008).

There was no evidence to suggest that the pre-training strength of recruits was
associated with injury risk. This is consistent with previous findings in British Army
recruits (Blacker et al, 2008). Low levels of muscular endurance as measured with
push-ups and sit-ups have been associated with higher injury risk in some US Army
studies, but only in unadjusted analyses (Knapik et al, 2001a; Trone et al, 2014). Such
associations were not found in this study when further analysis was performed using
results from these tests in week one of training (Table M4, Appendix M). This might be
because only lower limb and lower back injuries were explored in the present study,
which may be less likely to be influenced by upper body strength and muscular
endurance.

Prior injury is another injury risk factor that has been reported among military
populations (Kaufman et al, 2000; see Section 2.5.4). In the current study, there was a
significant independent association between self-reported injury in the past 12 months,
which prevented participation in exercise or sport for longer than a week, and any
injury, while prior shin pain was independently associated with both any injury and
time-loss injury. Although it is not clear from this analysis if the injuries reported during
training were the same as those previously experienced, it can be speculated that
some injuries may have recurred due to premature return to activity, weakened tissues,
strength deficits or altered mechanical characteristics (Whiting & Zernicke, 2008).
Recent studies in US recruit populations have found that a lack of full recovery from an
injury is a better predictor than past injury per se (Knapik et al, 2013a; Knapik et al,
2013b; Trone et al, 2013), supporting the inclusion of a more refined question in pretraining questionnaires.

Body mass index (BMI) has been the most frequently reported anthropometrical
measure to be independently associated with injury risk, but the findings have been
equivocal (Jones et al, 1993; Blacker et al, 2005; Knapik et al, 2013a; Knapik et al,
2013b; Trone et al, 2013; see Section 2.5.4). Although BMI was not associated with
injury risk in either univariable or multivariable analyses in the current study, recruits
with the lowest body mass were most likely to sustain one or more injuries. A similar
finding has been observed in non-infantry British Army recruits (Greeves et al, 2006).
Blacker et al (2005) hypothesised that the decreased risk of injury among Army recruits
with higher BMI in their study may have been attributable to a better ability to cope with
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load carriage tasks, which are a crucial component of Army training. This is based on
the assumption that those recruits with higher BMI have higher strength levels.
Although this is a plausible explanation for the higher injury risk among recruits with low
body mass observed in the present study, strength test scores before training were not
associated with injury. It may be that the strength tests were not specific enough to the
physical demands of training. Future investigations should aim to establish if low levels
of military specific strength explain the higher injury risk among recruits with low body
mass.

Among the other risk factors explored, cigarette smoking is one of the most
consistently cited lifestyle behaviours that increases the risk of injuries during military
training (Altarac et al, 2000; Billings, 2004; Canham-Chervak, 2006; Munnoch &
Bridger, 2007; Knapik et al, 2013a; see Section 2.5.4). In univariable analyses, both
smoking status and cigarette pack-years were weakly associated with injury risk.
However, neither was independently associated with training injury in the multivariable
model adjusting for other risk factors. This denotes that smoking behaviour could not
explain any unique variance in injury risk that could not be explained by other factors.
Smokers in this study had lower initial levels of physical fitness and were more likely to
report pre-training injuries. As these were the strongest risk factors for sustaining an
injury during training, it is plausible that these confounded the univariable association
between smoking and injury in this study.

Similar findings were recently reported by Trone et al (2014) who investigated selfreported smoking as an injury risk factor in US Marine Corps recruits undertaking 12
weeks of initial training. Although not all reaching statistical significance, smokers had
consistently higher unadjusted hazard ratios for injury across a number of smokingrelated indicators. However, there was no evidence to suggest that smoking status was
an independent risk factor for training injury when other factors were accounted for.
Marine Corps recruits perform longer and more arduous training than many other US
military services, which is also the case for British Army infantry recruits. The authors
hypothesised that recruits entering these more intense training programmes may have
inherent qualities and characteristics that protect against an increased risk of injury
even among smokers. Such residual confounding is a limitation of all observational
research, but this would cast into doubt proposed causal mechanisms linking smoking
to injury (Sale et al, 2007). Rather, it would imply that smoking is simply an indicator for
other unmeasured confounders.
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Nonetheless, these results contrast those of another study on a smaller sample of 468
British Army infantry recruits. Sharma et al (2011) recently showed that smoking was a
risk factor for medial tibial stress syndrome (MTSS). A number of reasons might help to
explain the conflicting conclusions. For example, the incidence of MTSS in Sharma et
al’s (2011) study was 7.9% and, because of missing data and recruit dropout, only a
small number of recruits in the exposure group (i.e. current smokers) experienced the
outcome (n = 28). In addition, the prevalence of smoking was lower than reported in
the present study, which might be due to different data collection approaches. In the
current study, smoking status was declared using a security sealed questionnaire,
while in the Sharma et al (2011) study it appears that smoking status was asked by
Army staff at the initial medical examination. As highlighted by Greeves et al (2006),
this is likely to underestimate actual smoking prevalence, particularly if occasional
smokers report being non-smokers when presented with a dichotomous response
option. Another difference between the studies was the analytical strategy used. In the
current study, survival analysis was used to examine injury risk factors. This approach
is more appropriate than logistic regression because it takes into account subject
dropout and the time taken to experience the outcome. Nonetheless, it is unlikely to
have had a major impact on the overall interpretation of their results. Lastly, Sharma et
al (2011) did not adjust their model for prior injuries such as shin pain which was
statistically significant in this study and might be expected to be a key risk factor for
MTSS.

As well as smoking, other unhealthy lifestyle behaviours engaged with by recruits
before joining the Army were investigated as potential injury risk factors in this study.
For instance, self-reported physical activity was not associated with injury risk. This is a
somewhat surprising finding because low physical activity levels before entry into the
Army has been reported in previous investigations using a similar measure (Knapik et
al, 2001a; Wilkinson et al, 2011; Knapik et al, 2013a). Nonetheless, physical activity
level was found to be a strong predictor of 2.4 km run time (see Chapter 5), which was
the strongest predictor of injury risk in this study. Thus, the SPAQ is still likely to offer
military recruiters a useful indication of prospective recruits more susceptible to training
injury and poorer training outcomes.

Injury risk was not associated with alcohol consumption, which is consistent with
findings from the limited evidence base in military populations in the UK (Greeves,
2002; Greeves et al, 2006) and in some (Henderson et al, 2000), but not all (Lappe et
al, 2001), US cohorts. In each of these studies, different tools were used to capture
171

information on alcohol consumption and categories of behaviour were defined in
various ways. For this reason, injury epidemiological studies should continue to include
alcohol consumption as a potential risk factor, with attempts to ensure a consistent and
validated method is used. The AUDIT-C, which is recommended for military research
and incorporated in the valid and reliable Military Pre-training Questionnaire, should be
considered for this purpose. However, it may be hypothesised that it is the shorter-term
effects of acute intoxication that would increase injury risk. As high levels of pretraining alcohol consumption are unlikely to continue during initial military training, the
risk of alcohol as an important exposure may be attenuated. This is particularly relevant
to infantry recruits in this study because, for the first six weeks of training, they are not
permitted off-site or to consume alcohol. Nonetheless, even outside the context of
injury research, the AUDIT-C provides an important tool for identifying recruits with
potential alcohol problems (see Chapter 6) and linking these to other negative military
outcomes (see Chapter 2) .

The effect of pre-training nutritional habits on training injury risk has been little explored
in military studies. Variations in responses to the REAP dietary assessment tool in the
present study did not impact on recruit’s injury risk during training. Although this may
be a result of the REAP’s validity, which has yet to be robustly assessed, responses to
the REAP did correlate with other health behaviours in the predicted manner, providing
indirect evidence of its validity (see Chapters 5 and 6). The fact that recruits have
access to similar foods during training, which are designed to ensure optimal nutritional
intake, may offer a more reasonable explanation for the lack of association.

The lack of association between any health behaviours and injury risk was further
supported by the inclusion of a composite health behaviour score in the analyses.
Consistent with the results for individual behaviours, engaging in multiple unhealthy
behaviours did not increase injury risk among infantry recruits. The suggestion by
Knapik and colleagues (2013) that multiple risk behaviours might be responsible for the
higher injury risk among smokers is not supported by this study. In US Army recruits,
Canham-Chervak (2006) found a higher injury risk in recruits with higher score on a
composite index comprising indictors of multiple risk-taking behaviours. However,
training-related injury risk was also higher among those with the lowest risk-taking
index score suggesting that the association is not clear. Future injury epidemiological
studies should include measures of multiple lifestyle behaviours to strengthen the
evidence base in this area.
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7.5.4

Strengths and limitations

This is the first detailed prospective injury risk factor study to be conducted on British
Army infantry recruits. The large sample size ensured robust analyses were possible,
thereby minimising the potential for spurious associations. This was verified by
performing appropriate sensitivity analyses to validate the key findings. Detailed
information on a range of potential risk factors was available. This included
comprehensive data on lifestyle behaviours, collected using a military-specific
questionnaire which has been psychometrically tested (see Chapters 4 & 5). The
findings from the study have therefore consolidated current understanding of injuries
among a particularly high-risk military cohort.

The study also had some limitations. No information was available to assess the
circumstances of each injury, which may have revealed additional contextual
information to complement the findings (Knapik et al, 2011). In addition, only data on
lower limb and lower back injuries were available for analysis. Although these account
for the majority of injuries in military recruits during initial training (see Section 2.5.3), it
makes comparisons with injury incidence rates from other populations problematic.
Furthermore, upper body injuries may have discrete risk factors.

The most common injuries among infantry recruits were non-specific soft tissue
injuries, accounting for over half of all new injuries. Military studies have commonly
reported sprains, strains or generic pain as the most common types of injury in military
populations (Wilkinson et al, 2011). It is possible that both sprains and generic pain
injuries were captured within non-specific soft tissue injuries. More detailed definitions
and characterisation of injuries at the outset of the study might have provided more
nuanced data and further clarification on the most appropriate preventive strategies
and priorities for future research.

Objective data on physical fitness were based on tests performed by recruits at the
Army Development and Selection Centre. It is therefore possible that recruits’ physical
fitness levels changed after attendance at the selection centre in preparation of
commencing initial training. However, post-hoc analyses were performed using 2.4 km
run time during week one of training instead of run time at selection and very similar
results were observed.
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The study excluded other unmeasured factors that may also be important risk factors
for injury and may have modified or confounded the results presented. For example,
recent studies have focussed on the influence of recruit’s biomechanical characteristics
on injury risk in military settings. Using gait analysis, Sharma et al (2011) showed that
dominant medial plantar pressures and quick heel rotation increased lower leg injury
risk in British Army recruits. Similarly, two US studies found that scores on a functional
movement screening test were associated with injury risk, but the sensitivity of the test
was very low (O'Connor et al, 2011; Lisman et al, 2013). Nonetheless, the authors of
both studies recommend further research in this area to elucidate more clearly whether
screening or improving functional movement inefficiencies can predict or reduce injury
risk, thereby enhancing training performance.

7.5.5

Conclusion

In conclusion, this study has shown a high incidence of overuse injuries in British Army
infantry recruits. Risk factor analyses indicate that those recruits with lower fitness
levels may not be sufficiently conditioned to cope with the arduous demands of infantry
training, particularly during the first six weeks. Pre-training conditioning programmes for
less fit recruits should be prioritised and any future changes in the physical entry
criteria required for infantry recruits should consider reduced 2.4 km run time and
minimal body mass standards.

7.6

Key points


Surveillance of injury rates and associated risk factors is an essential element in
the overall injury prevention process. A better understating of injuries among
British Army infantry recruits is required.



This study has shown a high incidence of overuse injuries in British Army
infantry recruits, particularly during the first six weeks.



Recruits with low pre-training cardiorespiratory fitness levels, prior injury and
low body mass have an increased risk of training injuries.



Pre-training conditioning programmes for less fit recruits, changes to the structure
of group-based training, and reduced 2.4 km run time entry criteria should be
considered by military recruiters and trainers.
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8

General discussion

8.1

Overview

The aim of this thesis was to investigate the epidemiology of lifestyle behaviours and
training injuries in British Army infantry recruits. A systematic programme of research
has been undertaken in an effort to achieve this aim. The initial focus of this concluding
chapter is to provide a summary of the main findings that have emerged. In keeping
with the primary purpose of a PhD, the extent to which these findings have produced
an “original and significant contribution to knowledge” (University of Bath, 2014) is
emphasised. Aspects of the overall study design and methodological approach that
may have either facilitated or impeded this goal are then discussed. The chapter then
explores the challenges and opportunities that the research findings present for military
health improvement and injury prevention, including recommendations for future
research, policy and practice.

Within the Discussion section of each of the preceding study chapters, results are
interpreted in the context of other relevant literature. The strengths and limitations
specific to the individual studies are also addressed. In this chapter, an attempt is
made to minimise the repetition of content already contained in the study chapters in
favour of a broader perspective.

8.2

Summary of findings

8.2.1

The pitfalls of previous research

A review of literature at the start of a thesis is essential for identifying gaps in the
current knowledge base and for contextualising the need for more original research.
However, the systematic approach used in this thesis to offer a more critical
perspective of the existing literature has also revealed some important findings,
particularly in relation to military injury epidemiology (see Section 2.5.4). It has been
highlighted that the most commonly adopted analytical design, which involves the
investigation of a large array of potential risk factors using a two-stage backward
stepwise regression approach, presents challenges for enabling a comprehensive
understanding of injury risk factors. More specifically, the investigation of a large
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number of exposures, often with numerous variables measuring similar constructs,
makes comparisons between studies difficult. Such multiple hypothesis testing
increases the likelihood of a chance finding. Further, backward stepwise regression
indirectly creates a reporting bias because only those risk factors significantly
associated with injury remain in the final model. It is also common for risk factors that
are statistically significantly associated with injury in both univariable and multivariable
analysis to be discussed as main findings. If researchers rely on the interpretations
provided in the conclusions of a previous study when contextualising their own findings,
rather than specifically appraising the methods and results, an ambiguity is created
about which risk factors are most salient when other confounding factors are taken into
account. This has the potential to exaggerate the strength of evidence for particular risk
factors and, in turn, perpetuate citation bias. Chapter 2 has therefore underlined the
importance of these considerations both in the interpretation of past findings and in the
design of future studies. In this regard, it represents an important contribution to
knowledge.

8.2.2

The Military Pre-training Questionnaire

From the conception of this research programme, it was identified that the use of a
valid and reliable questionnaire to measure lifestyle behaviours among recruits was
crucial. The Military Pre-training Questionnaire (MPQ) was therefore developed based
on a review of items used in other military epidemiological studies or used to measure
lifestyle behaviours in civilian research and surveillance studies (Chapter 3).

The first step in assessing the appropriateness of a newly developed research
measure is analysing its feasibility and reliability. This was the focus of the initial
empirical study presented in this thesis (Chapter 4). The findings provided assurance
that the MPQ offered a comprehensible tool for collecting data from British Army
infantry recruits. In the same study, the completion of the MPQ by a sample of recruits
on two occasions separated by a two week period enabled test-retest reliability of
incorporated items and scales to be examined. Mindful of the limitations and
implications of different measures of reliability (Chapter 3), an inclusive approach was
adopted and included assessment of relative and absolute reliability, as well as internal
consistency. The study provided initial psychometric support for the utility of the MPQ
in large scale epidemiological research in the form of sufficiently reliable responses.
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Further support for the MPQ emerged from other study findings. For example, Chapter
5 demonstrated, for the first time, the validity of a single-item physical activity question
that has been used extensively in other military investigations. Significant associations
with a range of concurrent and prospective objective measures, many of which
followed a dose-dependent pattern, provided verification of the criterion validity of the
measure for assessing pre-training physical activity levels among prospective military
recruits. In addition, the same study provided justification for including psychometric
testing as part of the overall research programme. This is because the validity of
another physical activity measure, used more widely in general populations, was weak.

Although not the key focus of Chapter 6, an examination of the association between
unhealthy behaviours also enabled an indirect assessment of the validity of MPQ items
used to measure smoking, alcohol consumption and dietary behaviour. In the absence
of objective criterion measures, the observation of hypothesised patterns between
behaviours reaffirmed the assertion that the MPQ can robustly capture lifestyle
information on recruits and categorise them validly.

The MPQ was a key component in the studies undertaken to address the main aims of
this thesis (see Chapters 6 & 7), both of which required measurement of lifestyle
behaviours. Measurement error and misclassification of exposures or outcomes can
produce spurious results and challenge the ability to detect important relationships
(Vandenbroucke et al, 2007). Knowledge of the validity and reliability of the MPQ was
therefore imperative. More pragmatically, the MPQ is a low-cost instrument that is
straightforward to administer. The results of this thesis will encourage the use of the
MPQ as a standardised approach to measuring lifestyle behaviours in other military
recruit populations.

8.2.3

Lifestyle behaviours of British Army infantry recruits

The epidemiology of lifestyle behaviours in military populations has received little
attention. By administering the MPQ to a large cohort of British Army infantry recruits,
Chapter 6 provides the most comprehensive investigation to date of pre-training
behaviours in the UK Armed Forces. The analysed data revealed concerning findings.
Over half of recruits were current smokers and approximately eight in ten consumed
alcohol at levels that have been shown to impair force readiness and operational
capability in serving personnel. Low fruit and vegetable intake was also common; in
contrast, a minority of recruits reported low pre-training physical activity levels. It was
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also demonstrated that these unhealthy behaviours co-occur: unhealthy behaviours
were strongly associated and most recruits were likely to engage in more than one.
Indeed, three-quarters of recruits engaged in at least two unhealthy behaviours before
joining the Army. The investigation of co-occurrence and clustering of lifestyle
behaviours is a novel approach in a military population.

Knowledge of the prevalence of health behaviours is salient to military organisations.
The British Army has a duty of care to their employees and the findings of Chapter 6
have highlighted that health improvement should be deemed a priority area for policy
action during recruit training. The cross-sectional estimates presented in this thesis
provide an invaluable baseline that can be used to monitor future trends and prioritise
interventions.

8.2.4

Training-related injuries among British Army infantry recruits

Although there is a wealth of existing knowledge on the scale of training-related injuries
sustained by recruits during initial military training programmes, findings are culturally
dependent and context-specific. The final empirical chapter of this thesis provides the
first systematic investigation of injuries sustained by British Army recruits during initial
infantry training. Almost 60% of recruits sustained at least one injury during training and
time-loss injuries resulted in a median of 24 days of restricted duties. Overuse injuries
resulting from repeated microtrauma of the lower leg presented the greatest injury
problem, particularly during the first six weeks of training.

Recruits who enter infantry training with comparatively lower cardiorespiratory fitness
are more likely to suffer an injury. This is a not a novel finding but, for that reason, it is
an important one (as will be discussed later in this chapter). Chapter 7 also showed
that past injury and low body mass were independently associated with an increased
injury risk in this recruit cohort while, in contrast to most previous injury epidemiological
studies in military settings, smoking was not. Similarly, there was no evidence to
suggest that any of the other unhealthy lifestyle behaviours measured by the MPQ
increased injury risk either individually or when combined into a composite score of
multiple unhealthy lifestyle behaviours.

The knowledge generated in Chapter 7 provides the initial requisite steps in the overall
injury control process. By quantifying the scale of the injury problem and identifying risk
factors, evidence-informed prevention efforts can be designed and evaluated.
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8.2.5

Original contribution to knowledge
“…the potential to do at least one of the following: uncover new facts or
principles, suggest relationships that were previously unrecognized, challenge
existing truths or assumptions, afford new insights into little-understood
phenomena, or suggest new interpretations of known facts that can alter man’s
perception of the world around him.”
Madsen (1983 p.25)

In summary, the work presented in this thesis makes an original and significant
contribution to knowledge by:


highlighting important methodological, analytical and reporting issues that need
to be considered when reviewing previously published research in military injury
epidemiology.



evidencing the psychometric robustness and epidemiological usefulness of a
newly developed questionnaire for military recruit populations.



providing the first detailed investigation into the prevalence of unhealthy lifestyle
behaviours in the British Army infantry.



advancing understanding of the epidemiology of military training injuries by
performing the first comprehensive analysis in British Army infantry recruits.



addressing a gap in understanding regarding unhealthy lifestyle behaviours as
risk factors for military training-related injury.

8.3

Reflections on methodological approach

8.3.1

Overall approach

The research presented in this thesis has advanced knowledge on the epidemiology of
lifestyle behaviours and training injuries in British Army infantry recruits. The
methodological approach has therefore enabled the overall aim of the thesis to be met.
However, perspectives and understanding evolve over the course of a PhD. This
section provides the author’s reflections on those more generic aspects of the methods
that would be salient considerations if the research were to be repeated or to be used
to stimulate future work.
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8.3.2

The Military Pre-training Questionnaire

Collectively, the development, psychometric assessment and practical utilisation of the
MPQ undoubtedly represent a triumph of this research programme. The challenge of
designing a tool that could be administered easily, completed quickly and that provided
the robust data necessary to explore health behaviours as both outcomes and
exposures was overcome. However, the MPQ was designed based on a rapid review
of existing questionnaires and, on reflection, more appropriate measures may have
been incorporated for particular behaviours. This applies most pertinently to dietary
behaviour. The Rapid Eating Assessment for Patients (REAP) was included because it
was short and easy to understand (Gans et al, 2006). It had been validated although in
retrospect the strength of that validation, which was based on a single study (see
Section 3.2.4), was weak. The main limitation of the REAP was the narrow range of
responses (three response options per REAP item), which prevented a richer
understanding of the distribution of eating patterns among recruits. A meaningful
interpretation of the overall REAP score was also difficult, which was one of the
contributing factors leading to the decision to only include responses to the items on
fruit and vegetable consumption in Chapter 6. That said, it is common for dietary
surveys to include items on a wide range of food groups, but for only a subset to
actually be reported (Smith et al, 2013).

It was also decided that the MPQ would incorporate the three item AUDIT-C (Bush et al,
1998) to measure pre-training alcohol consumption behaviour among recruits. This was
justified in Chapter 3 in relation to its brevity, validity and reliability, and the fact that it
contains items of a less sensitive nature than the full 10 item AUDIT (Babor et al,
2001). The AUDIT-C produced useful results and it was encouraging that the sensitivity
analyses performed in Chapter 7 showed a dose-response association between
ordered categories of AUDIT-C scores and other unhealthy behavioural outcomes.
However, the prevalence of hazardous levels of consumption, which is the
categorisation the AUDIT-C is most commonly used for, was very high in this infantry
recruit population (as is the case in other UK military and civilian populations (Fear et al,
2007; Aguirre et al, 2013; Scottish Government, 2014)). This indicates a ceiling effect,
which occurs when a measure has a distinct upper limit for responses and a large
proportion of respondents score at or near this limit (SAGE Research Methods, 2014).
Thus, because high levels of alcohol consumption are commonplace, the extent to
which the AUDIT-C can identify entering recruits with more extreme patterns of drinking
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is limited. In this regard, the full AUDIT may have proved more fruitful as it includes
additional questions related to alcohol dependence and alcohol-related harm.

Compared with surveys used in other military studies to measure and/or monitor health
behaviours (e.g. Canham-Chervak, 2006; Department of Defense, 2013), the MPQ was
relatively narrow in scope. It focused primarily on the four main modifiable lifestyle
behaviours of smoking, alcohol consumption, physical activity and diet. Questions on
drug use and sexual behaviour were excluded due to their more sensitive nature
(Brener et al, 2003; Bray et al, 2009). Thus, there remains a lack of data on these
behaviours in the UK military. Drawing on the results of Chapter 6, as well as other
evidence, it might be assumed that those recruits reporting multiple unhealthy
behaviours, particularly smoking and hazardous drinking, would be more likely to use
drugs and engage in risky sexual health behaviour (Halpern-Felsher et al, 1996).
However, if military organisations required a better knowledge of the prevalence of
these behaviours to, for example, tailor support services or design education materials,
understanding would need to move beyond assumption.

8.3.3

Investigator control

The thesis author did not have complete control over all facets of this research
programme. For example, it was impractical for the thesis author or other members of
the research team to verbally brief new intakes of recruits every two weeks and
oversee the administration and completion of the MPQ. This resulted in an inability to
calculate a response rate for Chapters 6 and 7 which is important in questionnairebased studies because it indicates the extent to which a representative cohort has
been achieved. In the context of this research programme, it is possible that (a)
platoons from certain divisions were more likely to be included in the study than others
if certain British Army staff were more engaged with the research and/or (b) some
recruits declined to participate. If the sociodemographic characteristics and lifestyle
behaviours of excluded or non-responding recruits were systematically different to
responders, this may have biased our findings. Nonetheless, the study design is likely
to have prevented this from representing a substantial threat to external validity as all
entering recruits were potential participants (i.e. no specific sampling strategy).

A better working knowledge of the database containing injury data may have facilitated
a more granular insight into the epidemiology of training injuries in infantry recruits. As
planned, injury data were extracted retrospectively by staff at the British Army.
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However, as highlighted in Chapter 7, data on upper body injuries, more nuanced data
on injury diagnoses, and additional information on the context of how injuries were
sustained would have been invaluable. If a more proactive approach was taken at the
study design stage to fully understand the database, there may have been greater
scope to influence how injury data were entered, coded and extracted.

8.3.4

Statistical analyses

The critical review of the literature presented in Chapter 2 of this thesis highlighted a
number of analytical issues that should be taken into account when interpreting past
studies that have investigated injury risk factors in the military. However, most of these
issues were identified after the study design and data collection stages of the current
programme of work had been completed, reflecting an improved understanding of
analytical concepts obtained by the thesis author over the course of the PhD process.
This section discusses some of these key concepts in relation to the research
presented in the thesis.
The seductive (un)certainty of statistical significance
“…no test based upon a theory of probability can by itself provide any valuable
evidence of the truth or falsehood of a hypothesis”.
Neyman & Pearson (1933 cited in Sterne & Davey Smith, 2001 p.227)

The use of frequentist statistics to categorise study results as ‘statistically significant’ or
‘not statistically significant’ remains the dominant paradigm in exercise science and
epidemiology. This is despite it being the subject of much critique and debate over the
past two decades (Rothstein & Tonges, 2000; Sterne & Davey Smith, 2001). Concerns
centre on the dichotomisation of results based on an arbitrary threshold (usually p <
0.05), a lack of consideration of the impact of testing multiple hypotheses, and the
over-interpretation of statistically significant results without due regard to effect size,
which is of more practical importance.
If one agrees with the assertions that “significance testing is virtually never appropriate
or useful” (Rothstein & Tonges, 2000 p. 65) and that “the description of differences as
statistically significant is not acceptable” (Sterne & Davey Smith, 2001 p. 230) the
reporting of results in this thesis will be subject to considerable criticism. Firstly, the
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conventional threshold of p < 0.05 is used to denote statistical significance and the use
of a more conservative threshold of p < 0.10 is used to retain variables in the backward
stepwise regression models in Chapter 7. Secondly, the use of a multi-item
questionnaire to examine the association between multiple exposures with multiple
outcomes virtually guarantees the occurrence of significant associations that are due to
chance. However, while the thesis author is sympathetic to the criticisms of significance
testing, its use in this thesis can be defended on a number of fronts, as outlined below.

Comprehension
As mentioned above, describing results as statistically significant remains the most
popular approach and will be expected by editors of journals to which the studies in this
thesis will be submitted. In accordance with best-practice reporting guidelines
(Vandenbroucke et al, 2007), statistical significance testing has been supplemented
with the reporting of confidence intervals for all estimates of association. Confidence
intervals are especially important in studies that do not have sufficient statistical power
to detect small effect sizes as they provide an indication of the precision of estimates.
As such, they can be used to interpret the practical implications of a range of values. In
Chapter 7, for example, this enables readers to decide whether the uncertainty in the
magnitude of the different injury risk factors provides sufficient evidence that the factor
is important.

Additionally, as emphasised in the review of literature (see Chapter 2), confidence
intervals facilitate the synthesis of cumulative evidence by providing the basis for
improving the interpretation of findings from individual studies. Textually describing
results in terms of the range of values within a confidence interval can, however, be
cumbersome (Rothstein & Tonges, 2000; Hopkins et al, 2009) and, to a large extent,
relies on subjective judgement. Indeed, even in papers that have sought to clarify the
use of confidence intervals in epidemiological research, confusion with its distinction
from statistical significance has arisen (McCormack et al, 2013).

Sensitivity analyses
In each study chapter of the thesis, sensitivity analyses have been performed in
recognition of the inherent uncertainty and potential bias in the main analytical
approach adopted. This is vital in observational studies. Consistency between the
results from the main analyses and sensitivity analyses provides confidence in the
overall interpretation of the research findings.
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Contextualisation
Crucially, findings are discussed in regards to their consistency with the results of
previous studies (rather than the conclusions), with a particular emphasis on
methodological differences. Such qualitative interpretation of findings is important;
however, it has been argued that this approach conflates frequentist (traditional null
hypothesis statistical testing) and Bayesian (incorporates prior knowledge/opinion)
statistical methods. This is certainly the case and the formal inclusion of the uncertainty
of past findings, such as those presented in Chapter 2, in statistical tests (the
Bayesian approach) may make interpretation of epidemiological findings clearer
(Burton et al, 1998; Pearce, 2014), though this view is not universally supported
(Sterne & Davey Smith, 2001).

Univariable vs multivariable associations
Adjustment for the potential effects of confounding is crucial in observational research.
The association or lack of association between an exposure and an outcome may be
due to another factor that is associated with both the exposure and the outcome. This
was demonstrated in Chapter 7: current smoking was associated with injury in
univariable analysis (albeit weakly), which is consistent with most prior research. Yet,
when adjustment was made for other factors the association disappeared. Drawing
attention to the results of univariable analyses (e.g. Table 7.3) could therefore be
viewed as equivocal and a potential distraction from the main findings of the final
adjusted model, a concern raised in the review of literature (see Chapter 2). By
presenting the results from both analyses, however, the presence of confounding is
made more transparent, which serves to strengthen the reporting of observational
studies (von Elm et al, 2007). It should be noted that the stepwise regression approach
used in the main analysis of Chapter 7 has the potential to undermine this because
confounding factors may be omitted if they don’t reach a certain level of statistical
significance. This was prevented by performing sensitivity analysis using a different
regression approach that enters all variables significant in univariable analysis into a
multivariable model. This method is more likely to minimise residual confounding.

Categorisation of exposure variables
The grouping of continuous exposure variables can result in loss of information and
reduced statistical power due to reduced variability in the data (Cohen, 1983; Froslie et
al, 2010). For example, grouping of recruit’s 2.4 km run time results assumes that
those in the slowest quintile were all similar even though there may be important
variation within that quintile. In relation to the preceding subsection, it has also been
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shown that less confounding is removed if adjustment is made for a continuous
variable that has been grouped (Altman & Royston, 2006; van Walraven & Hart, 2008)

In line with previous research (e.g. Grier et al, 2011; Wilkinson et al, 2011; Knapik et al,
2013a) such grouping was the chosen method for examining continuous injury risk
factors in Chapter 7. Whilst this could therefore legitimately be viewed as a limitation,
on reflection it was the most appropriate approach. Categorisation into groups
facilitated a consistency in how results were presented throughout the thesis and made
it easier to communicate the existence of a dose-dependent association. This was
particularly important as it strengthens the case for an association being real given the
potential influence of the other analytical issues already mentioned. It also allows the
assumption of linearity between exposures and outcome to be avoided, thereby
presenting a valid solution to an otherwise complicated methodological challenge (i.e.
the presence of non-linearity) (Froslie et al, 2010).

8.3.5

Generalisability of findings

The importance of context in the interpretation of findings has been noted throughout
this thesis. As stated in Section 2.5.2, the focus of “military organisations should be on
ensuring that their own injury data are routinely interrogated, analysed and
communicated as part of a systematic surveillance system”. The generalisation of
specific findings should therefore be treated with caution. Nonetheless, there are
important broader implications of the present research that will be of relevance to other
organisations for whom injuries present a preventable cost, both military and nonmilitary. For instance, the public health approach to injury prevention provides a
framework that can be applied to any population. Fundamentally, time should be taken
to ensure that systems are set up to ensure that robust and meaningful data can be
collected and analysed. Good data are essential for accurate quantification and
monitoring of injuries and risk factors, as well as the evaluation of evidence-informed
interventions. The process of developing and psychometrically assessing the MPQ
provides an example of some key steps that should be considered if designing a
bespoke, context-specific questionnaire.
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8.4

Challenges and opportunities for military health improvement and
injury prevention research and practice

8.4.1

Surveillance and monitoring
“…epidemiology and analysis cannot be superior to the surveillance system
used for collecting the facts analyzed. The analysis of those facts, the
interpretation of their health implications, the interventions designed, and the
programs launched are all based on the quality of the surveillance system
used. Surveillance systems are therefore basic to everything that follows in
public health.”
Teutsh & Churchill (2000 cited in Jones et al, 2010a p. S42)

This thesis has demonstrated the usefulness of data that have been collected and
analysed using a systematic process. However, as with any cross-sectional or timelimited cohort study, it offers only a snapshot of data at a single point of time. The
development of a more comprehensive epidemiological data collection and surveillance
system for the British Army is required to guide policies and prioritise the
implementation of interventions (Canham-Chervak et al, 2010). With regards to
intelligence on lifestyle behaviours and other potential injury risk factors, this will
require innovative ideas because the collection of data among recruits and personnel
has thus far been scarce. This is despite such data collection being a specific
recommendation in prior British Army investigations (Blacker et al, 2005; Greeves et al,
2006). For data on injuries sustained during recruit training, improvements to the
systems currently in place may facilitate more routine and meaningful analyses. Ideally,
these systems would be linked using, for example, individually assigned unique service
personnel numbers.
Health behaviours
The importance of routinely monitoring health behaviours in the military has been
exemplified by the US Department of Defense. The administration of their recurring
series of surveys – Health Related Behaviors among Active Duty Military Personnel
(HRB survey) – has provided invaluable insights into the prevalence and
consequences of health behaviours among serving military personnel. Results have
been used to shape policy and practice and are comprehensively reported (Bray et al,
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2009; Department of Defense, 2013). However, the HRB survey asks 168 questions
and takes about 40 minutes to complete.

To establish a similar survey in the UK Armed Forces would be a major undertaking
necessitating substantial staff and financial resources. A more realistic ambition for
establishing a system of improving health behaviour intelligence in prospective British
Army recruits would be the administration of a more concise questionnaire, such as the
MPQ, but which draws on aspects of the HRB survey. For example, a computer-based
survey (the HRB moved to a web-based format in 2011) could be completed by recruits
either at the British Army selection centre or during the first week of training. Although
incurring an initial financial investment, this would have the potential to reduce the
respondent and administrator burden that a pen and paper survey such as the MPQ
presents (Department of Defense, 2013). This would also make the inclusion of
additional indicators of health more feasible. The psychological health of recruits was
not a focus of this thesis, but screening for mental health problems at such an early
stage may present opportunities for longer-term health improvement given the stressful
demands of military life. It could also dramatically reduce the time lag between data
collection and data analysis whilst minimising the occurrence of missing data (World
Bank, 2014). Most importantly, it would enable military policymakers and
epidemiologists to design a survey that could be used to inform and evaluate health
and wellbeing initiatives for recruits undertaking initial training. Although perhaps
idealistic in view of the current status of data collection, completion of the survey at
regular intervals from military inception to discharge could enhance understanding of
the state of behavioural health over the military life-course.
In the US military, the Recruitment Assessment Program was piloted in 2002 “in order
to maintain comprehensive electronic health and risk factor information on all recruits at
the time of initial military training" (Hyams et al, 2002 p. 44). It consisted of a health risk
behaviour survey given to new recruits within the first few days of arriving for basic
training. However, after two years of administration, it was discontinued due to lack of
funding (Hauret, 2014). Thus, the establishment of a routine survey administered to
British Army recruits would represent a novel development.

Training injuries
The burden of training-related injuries is a major concern to military populations and
has been for some time. Recognising the importance of surveillance in the overall
injury prevention process, the US Department of Defense established the Defense
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Medical Surveillance System (DMSS) in 1997 and this has made a substantial
contribution to the understanding and prevention of injuries in the US Services (Jones
et al, 2010a). One of the main strengths of the DMSS in terms of injury surveillance (it
also contains medical data, as well as longitudinal data on personnel and deployments)
is that it uses International Classification of Diseases (ICD) codes to classify injuries,
the standard diagnostic tool for epidemiology (Porta, 2008). This facilitates a
standardised approach to injury surveillance using data that are reliable, comparable
between settings, and consistent over time. In addition, the accurate diagnosis of injury
has led to the development of different injury indices (e.g. Training-Related Injury Index
and Overuse Injury Index), which have been used to enhance understanding and
comparability (Knapik et al, 2013b). Regular updates on injury rates are reported in a
Medical Surveillance Monthly Report. With such a system in place, it is perhaps
unsurprising that the US military has been at the forefront of descriptive and analytic
injury epidemiological research and injury prevention.

The DMSS represents a gold-standard system for injury surveillance and, longer-term,
it is the type of system that the UK Ministry of Defence should seek to replicate.
Shorter-term, there are improvements to the injury data recording process at the
Infantry Training Centre that could be made to augment the value of existing systems.
More extensive and consistent use of ICD codes to classify injuries would help to
provide more specific and comparable data. This, in turn, would create the basis for an
‘observatory function’ for the monitoring of trends and the identification of emergent
problems. Calculation of the financial costs attributable to training injuries would also
be made easier, which is often a powerful stimulus for action (Department of Health,
2014), and the evaluation of the efficacy of such action would be strengthened.

8.4.2

Health improvement and injury prevention interventions

The period of initial training in the military offers a unique environment to evaluate the
impact of health improvement and injury prevention interventions. This subsection
draws on the results of Chapters 6 and 7 of the thesis in the context of the wider
knowledge base to discuss interventions that could be implemented and evaluated to
inform future military policy and practice.
Health improvement
Chapter 6 showed that infantry recruits arriving at initial training are likely to have
already established unhealthy lifestyle behaviours. It was concluded that “policies and
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interventions that specifically target multiple unhealthy behaviours, make unhealthy
commodities less affordable and available, and create a culture in which unhealthy
behaviours are non-normative should be developed and evaluated.” Suggestions for
specific policy interventions were provided. The brief discussion that follows expands
on these suggestions by deliberating how implementation might best be achieved in
practice. The focus is placed on those behaviours that are most likely to have
deleterious consequences for individual health and military performance: smoking and
alcohol misuse.

Evidence can influence policy, but it does not determine it. Other factors such as
acceptability and values are also important (Katikireddi et al, 2014), the latter being
particular relevant to the military where smoking and drinking are culturally ingrained
(see Chapter 2). Downstream interventions aimed at individual-level behaviour change
in recruits, such as smoking cessation and alcohol brief interventions (or both
combined), are likely to face least resistance because they do not infer wider
implications for other military personnel. However, they are more resource intensive
and less effective than upstream interventions aimed at, for example, the price and
availability of these commodities. The challenge for military policymakers is the
practicalities of implementing these types of regulatory actions, which are often met
with controversy.

Framing problems to influence strategic thinking is of paramount importance. Problems
need to be articulated in a concise, relevant and compelling way to initiate action and
galvanise leadership support, a critical component of successful intervention in military
settings (Bullock et al, 2010; Jahnke et al, 2011). The results of Chapter 6, embedded
in the context of the negative behavioural consequences described in Chapter 2, help
in this regard. In addition, military policymakers need to be persuaded of the potential
of an intervention to make a difference. A case study approach may provide the most
realistic option for the evaluation necessary to determine what is feasible and effective
before an intervention is scaled up. If the price of alcohol and/or tobacco at a selected
military establishment (e.g. the Infantry Training Centre, Catterick) were increased to
ensure that it was sold no cheaper than retailers in the surrounding area, a controlled
before-and-after study using another military establishment as the comparator group
could measure impact. Buy-in would be required from on-site retailers, but this is not an
insurmountable challenge, as demonstrated recently by the increasing number of small
retailers agreeing to stop selling super-strength alcohol in the UK (e.g. Suffolk
Constabulary, 2014). Another example would be introducing a mandatory ban on
189

smoking during initial training, which has previously been recommended for the British
Army (Greeves et al, 2006). However, it has been shown in US Air Force recruits that
relapse is common and so support for continued abstinence after the completion of
training would also have to be considered (Haddock et al, 2000).

Irrespective of the specific interventions that are implemented to improve the health
behaviours of military recruits, be they upstream or downstream, it is vital that outcome
evaluation is embedded in their design. Otherwise, there is no way of quantifying what
impact, if any, they are making.
Injury prevention
A low level of pre-training cardiorespiratory fitness is the most important risk factor for
injury in military recruits during initial training. The results of Chapter 7 contribute to the
large body of existing evidence that supports this unequivocal finding. Strategies to
reduce the risk of injury in infantry recruits should therefore prioritise: (a) enhancing
pre-training fitness levels; (b) modifying physical training to minimise risk among less fit
recruits; and (c) revising entry criteria.

Improving the fitness levels of the least fit recruits before they commence training
seems a rational recommendation. Knapik and colleagues (2006) found that preconditioning low-fit US Army recruits reduced subsequent training attrition and injury
risk compared with low-fit recruits who entered training without pre-conditioning. Similar
results were observed by Bilzon and colleagues (2008) who introduced a pre-training
conditioning course for a subset of recruits in the lowest quintile of 2.4 km run time at
the British Army Selection Centre. Both of these studies demonstrate the value of
intervention research for military injury prevention and support the use of preconditioning programmes for less fit recruits. However, the cost-effectiveness of such
pre-training strategies must also be considered. The supplementary analysis presented
in Chapter 7 showed that recruits with lower levels of cardiorespiratory fitness were
more likely to be discharged. Recruiting and training a British Army infantryman cost
£31,000 in 2010 (Coalition to Stop the Use of Child Soldiers, 2011). Discharge costs
prevented by a pre-conditioning course should be calculated and compared against its
implementation costs to determine whether or not it is likely to be a financially
beneficial approach. This should be a priority for future military research.

Notwithstanding the economics of prevention, the setup of the British Army recruitment
system is particularly suited to the mainstreaming of pre-conditioning programmes
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because hopeful recruits complete fitness tests at the Army Selection Centre meaning
an intervention can be completed before training commences. If recruiters in other
military organisations are not able to objectively test the cardiorespiratory fitness of
prospective recruits, completion of the single-item physical activity question validated in
Chapter 5 will help to identify those who might benefit from pre-training support or
guidance.

Tailoring initial training by placing recruits into ability groups with similar
cardiorespiratory fitness levels (as indicated by 2.4 km run time from physical fitness
tests in week one) can provide a more appropriate training stimulus that helps to
reduce injury risk whilst improving fitness (Knapik et al, 2006). While this thesis has
primarily focused on male military recruits, the importance of introducing genderspecific training in the British Army helps to illustrate this point. Female recruits are
more likely to sustain training injuries than their male counterparts (Blacker et al, 2006;
Greeves et al, 2007; Sale et al, 2007). The reasons for this are multifactorial, but it has
been suggested that a key contributing factor is the delivery of training to mixed-sex
platoons (Izard, 2007). For a given absolute training load, females experience a greater
cardiovascular and metabolic stress than males because, on average, they have lower
levels of cardiorespiratory fitness and are therefore exposed to a relatively higher
workload (Greeves, 2002; Rayson et al, 2002; Bilzon et al, 2006). As such, single-sex
platoon training has been introduced with evaluations reporting that this has led to
improvements in the overall injury rates among female recruits and a reduction in the
relative risk of injury compared with male recruits (Bilzon et al, 2006; Izard et al, 2007).
Other potentially useful training modifications for all military recruit training include:
setting fixed times for training marches and runs rather than fixed distances (Bullock et
al, 2010); ensuring that the least fit recruits are not exposed to additional physical
training sessions; and avoiding the use of exercise as punishment (Carter et al, 2006;
Bullock et al, 2010).

Based on a systematic review, it has been advised that the aforementioned training
modifications be implemented across all US military services because the scientific
evidence to support their effectiveness is strong (Bullock et al, 2010). However, further
feasibility and intervention studies may be necessary in the UK Armed Forces. This is
because the modification of a well-established training syllabus requires
operationalising, a process that necessities significant negotiation and planning.
Indeed, this may explain why few of these recommendations have been implemented
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in the British Army even though they have been explicitly mentioned in a number of
previous reports (Blacker et al, 2005; Carter et al, 2006; Greeves et al, 2006).

Revising the 2.4 km run time entry standard that recruits must meet to enter infantry
recruit training should also be given consideration. Canham-Chervak (1998) showed
that there were specific fitness performance levels at which further increases in
performance did not result in reduction of injury risk. Detecting such a ‘critical threshold’
would certainly be useful for refining the entry standard. However, the dose-dependent
association observed between cardiorespiratory fitness and injury risk in Chapter 7
suggests the least fit recruits of a given cohort will always be at greatest risk so this
may not be applicable. Furthermore, increasing the physical fitness standard would
inevitably reduce recruit throughput. The potential personnel costs of adopting this
approach would therefore have to be analysed against the costs of training injuries
(Greeves et al, 2006).

8.5

Conclusion

The research presented in this thesis was commissioned and funded by the
Headquarters Army Recruiting and Training Division (UK Ministry of Defence) in
recognition of the need to better understand lifestyle behaviours and training injuries in
British Army infantry recruits. To meet this brief, a military-specific pre-training
questionnaire was developed and its various components psychometrically tested. This
enabled a robust cross-sectional assessment of the prevalence, co-occurrence and
clustering of unhealthy behaviours in a large cohort of recruits undertaking initial
infantry training. In addition, a prospective investigation into injuries sustained during
training enabled the scale and nature of the injury problem to be quantified and injury
risk factors to be identified. Collectively, the results provide a novel understanding of
the epidemiology of lifestyle behaviours and training injuries in the British Army and
have important implications for future military health improvement and injury prevention
policy, practice and research.
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Appendix A
Table A1

Literature search strategies

Strategy for electronic database literature searches.

Category

Search terms

Medline

Embase

Alcohol*

1.

exp Alcohol Drinking/

52257

34982

2.

exp Military Personnel/

23920

21830

3.

1 and 2

234

153

4.

limit 3 to english language

223

141

1.

exp Military Personnel/

23920

21830

2.

exp Smoking/ or exp Smoking Cessation/

130953

217325

3. 1 and 2

542

456

4.

limit 3 to (english language)

490

407

5.

smok*".m_titl.

64060

78508

Smoking

219

Physical
activity

Diet

6.

cigarette.m_titl.

13177

15790

7.

5 or 6

65699

80460

8.

4 and 7

209

132

9.

3 and 7

232

155

10.

tobacco.m_titl.

26861

31391

11. 7 or 10

85207

102980

12. 3 and 11

305

209

1. exp Military Personnel/

23920

21830

2. physical activity.mp.

52307

109795

3. 1 and 2

272

289

4. limit 3 to (english language and yr="2000 - 2014")

188

223

1. exp Diet/ or exp Diet Surveys/

199073

211268

2. exp Military Personnel/

23920

21830

3. (diet* or nutrit* or food*).m_titl.

261395

331418

4. 1 or 3

380625

456596

5. 2 and 4

382

323

6. limit 5 to (english language and yr="2000 - 2014")

172

156

Note: *The exclusion criteria of publication year from 2000 onwards was not applied until the abstract
review process for the alcohol category.
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Table A1 (cont)

Strategy for electronic database literature searches.

Category

Search terms

Medline

Embase

Lifestyle
behaviour

1.

exp Military Personnel/

23920

21830

2.

Health Promotion/ or Health Surveys/ or Health
Behavior/ or Public Health/ or Health Policy/

226463

477905

3.

1 and 2

896

1449

4.

limit 3 to (english language and yr="2000 -

632

1013

2014")
5.

(military or army or navy or "armed

19892

22098

forces").m_titl.
6.
4 and 5

300

397

7.

exp Life Style/

65095

72968

8.

2 or 7

280266

536694

9.

1 and 8

1195

1565

10.

4 and 9

632

1013

11.

5 and 10

300

397

1.

exp Military Personnel/

23920

21830

2.

exp "Wounds and Injuries"/

706804

1536225

3.

1 and 2

4377

4616

4.

limit 3 to (english language and yr="2000 -

2672

3005

Current")training.mp.
5.

251254

371652

6.

413

422

Military
injuries

4 and 5
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Appendix B Study identification flow charts for
literature reviews
Alcohol
274 articles sourced via search of electronic databases:
Medline (n = 156); Embase (n = 118)
110 excluded as duplicates or
because of title review
164 abstracts reviewed

79 full articles retrieved (or
attempted to be retrieved)
and reviewed
1 PhD thesis included

26 full articles and
1 abstract included

70 articles excluded for not
meeting inclusion criteria:
34 published pre-2000
27 deemed not relevant
9 relevant but not generalisable
15 full articles not accessible
52 articles excluded:
7 data not extractable
12 not generalisable
9 deemed not relevant or not
available
19 not relevant (although
useful)*
5 same data as other article

Smoking
514 articles sourced via search of electronic databases:
Medline (n = 305); Embase (n = 209)
417 excluded as duplicates or
because of title review
197 abstracts reviewed

Prevalence estimates
obtained from 9 injury risk
factor articles and 3
abstract. 1 paper identified
after search was performed.

76 full articles retrieved (or
attempted to be retrieved)
and reviewed

36 full articles and 3
abstract included.
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121 articles excluded for not
meeting inclusion criteria:
51 published pre-2000
57 deemed not relevant
13 relevant but not generalisable
50 articles excluded:
1 data not extractable
1 duplicate
2 deemed not generalisable
40 deemed not relevant
6 not relevant (although useful)*
5 same data as other article

Physical activity
411 articles sourced via search of electronic databases:
Medline (n = 288); Embase (n = 223)
305 excluded as duplicates or
because of title review
106 abstracts reviewed

51 full articles retrieved (or
attempted to be retrieved)
and reviewed
Prevalence estimates
obtained from 7 injury risk
factor articles.
16 full articles included

55 articles excluded for not
meeting inclusion criteria:
51 deemed not relevant or not
available
1 relevant but not generalisable

42 articles excluded:
36 deemed not relevant or not
available
6 not relevant (although
useful)*

Diet
228 articles sourced via search of electronic databases:
Medline (n = 172); Embase (n = 156)
156 excluded as duplicates or
because of title review
72 abstracts reviewed

44 full articles retrieved (or
attempted to be retrieved)
and reviewed
1 PhD thesis included
10 full articles included

38 articles excluded for not
meeting inclusion criteria:
35 deemed not relevant or not
available
3 relevant but not generalisable

35 articles excluded:
30 deemed not relevant or not
available
5 not relevant (although
useful)*
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Lifestyle behaviours (general)
697 articles sourced via search of electronic databases:
Medline (n = 300); Embase (n = 397)

73 abstracts reviewed

16 full articles retrieved (or
attempted to be retrieves)
and reviewed

1 full article included

624 excluded as duplicates
(including with other
categories) or because of title
review.
57 articles excluded for not
meeting inclusion criteria:
49 not relevant
8 relevant but not generalisable
15 articles excluded:
7 deemed not relevant or not
available
7 not relevant (although
useful)*
1 data not extractable

Military injuries
835 articles sourced via search of electronic databases:
Medline (n = 413); Embase (n = 422)
662 excluded as duplicates or
because of title review
173 abstracts reviewed
111 articles excluded for not
meeting inclusion criteria:
79 not relevant
27 relevant but not generalisable
5 further duplicates
62 full articles retrieved and
reviewed
1 PhD thesis included

41 articles excluded:
24 deemed not relevant or not
available
2 data not extractable
15 not relevant (although
useful)*

20 full articles included

Note: *some studies that were excluded for the purposes of the literature review were
considered as relevant to the study-specific and overall discussion in this thesis.
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Appendix C

Data extraction tables for literature reviews

Alcohol in the military
Study

Country

Sample

Design

Relevant measures

Findings

Comments

Aguirre et al
(2013)

UK

Armed Forces
personnel
n=325

Crosssectional

AUDIT-C

Hazardous drinkers = 64%

Hazardous drinking defined
as score of >4.

Hazardous drinkers more likely
to have potential mental health
problems.

May not be representative sample as
questionnaires were administered at
discharge (regular or medical).

Ames et al
(2002)

Barry et al
(2013)

US

US

Navy recruits
in 1998,
n=2078 (75%
male)

High School
seniors in
2008,
n=14577 (49%
male)

Crosssectional

Crosssectional

Authors suggest those scoring >4
should be screened using full AUDIT,

Self-reported tobacco use
in past 30 days, alcohol
consumption (current
drinking and heavy drinking
(≥5 drinks per occasion at
least once a week).

(males only)
Smokers = 53%
Drinkers = 77%
Heavy drinkers = 28%
White recruits most likely to
smoke and drink heavily.
Behaviours correlated.

Comparable study to thesis.

Self-reported heavy
drinking: at last 5 drinks on
one occasion in the past 2
weeks.

Heavy/binge drinkers = 26%

Suggests unhealthy behaviours are
already established before military
enlistment.

Binge drinkers more likely to
intend to join military
Adj OR=1.079 (1.013 to 1.149)

Old study so need to consider
population trends.
RR = 93%

Inappropriate stats used for categorical
data (t-test of means).
Direction of association unclear so ‘selfselection’ theory not convincing.
Cites prevalence of binge drinking
among Marine Cop recruits of 33%
(LeardMan et al, 2010).

Bray et al

US

Air Force and

Cross-

Self-reported heavy

(males only)

RR = 65%
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(2010)

Bray and
Hourani
(2007(Daeppen
et al, 2005;
Bray &
Hourani, 2007))

Bray et al
(2013)
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Navy recruits
in 2004/05
n=4962
recruits aged
18-25 (82%
male)

US

US

sectional

Active duty US
military
personnel
1980 to 2005.
Large sample
sizes (12k to
22k in different
years)

Repeat crosssectional

Active duty US
military
personnel
1980 to 2008.
Large sample
sizes (12k to
22k in different
years)

Repeat crosssectional

drinking (5 or more drinks)
before and after basic
training.
4 categories of behaviour:
non-drinker, non-heavy
episodic drinker (drank in
the 30 days before basic
but did not have any heavy
episodic drinking episodes),
infrequent heavy episodic
drinker (had one to three
heavy episodic drinking
episodes in the 30 days
before basic), and frequent
heavy episodic drinker
(heavy episodic drinking at
least once a week).

Frequent = 30%
Infrequent = 16%
Non-heavy = 8%
Non-drinker = 47%

Self-reported cigarette use,
and heavy alcohol use in
the 30 days prior to the
survey.

Latest year 2005 for Army:
Smoking = 38%
Heavy drinking = 25%

Decrease in heavy episodic
drinking following basic training
ban.

Civilian research teams.
Respondents had finished training and
were reporting retrospectively on
drinking behaviour.
Abstinence rate high but different
drinking age policies to UK.

Summary of trends from DoD survey of
health related behaviours.
No data on recruits.

Lower education associated
with unhealthy behaviours.

RR range 52 to 84%(lower in recent
surveys).

Declines in smoking but not in
heavy alcohol use which
increased from 1998 to 2005.
Self-reported drinking in
past 30 days (binge, heavy
and harmful (full AUDIT).
Self-reported serious
drinking-related
consequences (12 items).

From 1998–2008, increases in
heavy drinking (15% to 20%)
and binge drinking (35% to
47%).
Dose-response relationship
between drinker category and
negative consequences (1 or
more).
White personnel most likely to
drink heavily (ref=other)
Combat exposure associated

Update of Bray and Hourani.
Distinguish binge from heavy with the
former being 5 or more drinks at least
once in the past month and the latter at
least once a week in the past month.

with heavy drinking.
Burnett-Zieglar
et al (2011)

CanhamChervak (2006)

US

US

National Guard
personnel
returning from
deployment
N=585 (87%
male)

Crosssectional

Self-reported alcohol
consumption (AUDIT).

Army recruits
in 2003
n=1156 and
746 women

Prospective
cohort with
baseline
questionnaire

Self-reported alcohol
consumption (AUDIT-C).

36% with AUDIT score >7

RR=60%

Respondents who were male,
younger, and reported
symptoms of depression, and
PTSD were at increased odds
of alcohol misuse.
>20% of trainees 5+

Precise estimate not provided.
Alcohol combined with other lifestyle
and risk-taking behaviours and
examined as exposure for injury.

Score of 5+ = hazardous
drinking

Clarke-Walper
et al (2014)

US

Soldiers
returning from
Iraq between
2003 and 2006
N=7849

Crosssectional

Self-reported alcohol
consumption (2 item
screening test; 1 yes
response = misuse) and
alcohol-related risky
behaviours.

Adverse childhood
consequences associated with
alcohol misuse.

RR=56%

Daeppen et al
(2005)

Switzerland

19 year old
prospective
Army
conscripts
n=1004

Crosssectional

Self-reported binge drinking
in 12 months before
enlistment. Different
categories of binge
drinking:
Binge drinking (5 or more
drinks split into categories):
was assessed by asking:
Infrequent: once a month or
less over the last 12
months.
Frequent: twice a month or
more over the last 12
months.

11% abstinence
31% infrequent binge
46% frequent binge

RR=99%

Strong positive association
between frequency of binge
drinking and adverse
consequences; dose-response
for all 12 indicators and for >3
consequences.

Can be considered general population
survey because of national service in
country.

Self-reported adverse
alcohol-related
consequences (hangover;
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regrettable incident etc).
Fear et al
(2010)

Fear et al
(2007)

UK

UK

Armed Forces
personnel
between 2007
and 2009 who
had been
deployed to
Iraq or
Afghanistan.
n=9990 (8278
regulars, 1712
reservists)

Part cohort
study; part
repeat crosssectional

Self-reported consumption
using AUDIT. Alcohol
misuse defined as score of
16 or more.

Regular forces personnel:
Alcohol misuse=14% in Army

Armed Forces
in 2003
n== 8686
(91% male)

Crosssectional with
comparisons
to general
population
(Psychiatric
Morbidity
Survey 2000)

Self-reported consumption
using AUDIT. Authors
categorise respondent’s
drinking in different ways:

Army personnel
Audit subcategories:
Hazardous = 86%
Dependence = 7%
Harmful = 26%

RR=67%

67% of men scored 8+

Comparison with general population
based on different time period (2003 vs
2000).

Full AUDIT
>8 = hazardous
>16 = heavy
AUDIT-C
4+ for women and
5+ for men = hazardous
AUDIT-dependence
4+
AUDIT-harm
4+.

A modest effect of deployment
on alcohol consumption
ORs 1·52 (1·30–1·79);
p<0·001 1·22 (1·02–1·46);
p=0·030

Full AUDIT (all men)
Heavy = 17%
Hazardous drinking
(defined as an AUDIT score of
8+) more common in the UK
Armed Forces than in the
general population across all
ages.

RR=56%
Alcohol misuse greatest in those
holding combat roles.

Most recent representative survey of
drinking in Armed Forces, but over 10
years ago.

Comparisons with general population
did not adjust for sociodemographic
characteristics (e.g. different levels of
deprivation).

Higher levels of consumption
associated with being younger
(16-25), white, smoking and
being in the Navy (vs Army
although Army higher than
RAF).
Henderson et
al (2009)

228

UK

Royal navy
personnel

Crosssectional

Self-reported consumption
using AUDIT-C. Two cut-

48% weekly binge drinkers
48% infrequent binge drinkers.

RR=70%

n=1400 males

offs: >4 and >8
Binge drinking categorised
as >8 units at least once a
week.

Hoerster et al
(2012)

Hooper et al
(2008)

Jacobson et al

US

UK

US

Mean consumption 29
units/week
92% scored 4+ on AUDIT-C
and 57% scored 8+.

Calculated weekly alcohol
consumption in units using
items 1 and 2 (assuming 1
unit = 1 standard drink).
Safe drinkers’ = ≤21
units/week, heavy drinkers
22–42 units and very heavy
drinkers’42 units/week.

Consumption, particularly
binge drinking, higher in RN
than civilians.

Veteran= 5.4%
Active duty = 7.8%
National Guard/Reserves = 4%
Civilian = 5.5%

Authors adjusted the AUDIT-C and
made other assumptions that are not
necessarily valid.
Mean weekly consumption higher than
recommended weekly drinking
guidelines.
Civilian comparison only matched on
age and estimates based on distinctly
different method.

Male veterans
n=53406);
active duty
service
members
n=2144);
National
Guard/Reserve
service
members
n=3724; and
civilians
n=110116.

Crosssectional data
from 2010
Behavioral
Risk Factor
Surveillance
Survey

Self-reported heavy
drinking defined as 2 or
more drinks per day.

Very large sample size means small
differences in prevalence are
significant.

Random
sample from
each UK
service in 2002
(n=1382 see
Rona et al)
followed up in
2005 (n=941).

Prospective
cohort study

Self-reported alcohol
consumption using basic
Quantity-frequency method
to estimate units/week.

Alcohol consumption and
binge-drinking in the UK Armed
Forces both increased during
the study period.

Binge drinking defined as
drinking on at least 2 days
per week and consuming at
least 7 units per drinking
day.

Increase in alcohol
consumption greater in
participants who had been
deployed.

Weak evidence for association between
deployment and alcohol use (p=0.043).

Active duty

Prospective

Self-reported heavy weekly

Consumption highest in Army

Deployment did not change

Other indicators of consumption from
BRFSS may have been more
instructive.

68% follow-up.
Consumption higher than general
population but not adjusted for
sociodemographic characteristics.
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(2008)

Jones et al
(2006)

personnel
n=26613 (8%
of whom were
deployed to
Afghan)

UK

cohort study
(Millennium
cohort)

Active service
personnel in
2002
n= 4500
randomly
selected. 1382
completed the
full
questionnaire
containing
alcohol items

Crosssectional

drinkers (>14 drinks in past
week for men and >7 for
women) and binge drinking
(5 or more drinks on a
single occasion in past
week).

service.

Self-reported consumption
of ≥40 units a week in
males and ≥30 in females
or
somebody expressed
concern with
drinking in past year.

12% of sample had ‘high
alcohol consumption’

consumption among active-duty
personnel.

Heavy weekly = ~8.5%
Binge = ~47%
Youngest cohort members at
highest risk of alcohol-related
problems.

High alcohol consumption
associated with poorer general
health and PTSD.

Dose response association between
smoking status and alcohol
consumption.
Adjusted OR 1.85 (ever smoker) 2.55
(current smoker) Ref= never smoker
Method of calculating weekly
consumption not clear.
28% smoking prevalence (for smoking
review).

Kapusta et al
(2006)

Austria

18 year old
men examined
before national
service.
n=1902

Crosssectional

Alcohol use measured by
the CAGE questionnaire.
Scores of 1+ and 2+
categorised as abuse and
dependence, respectively.

Alcohol abuse = 15%
Alcohol dependence = 3%

Strong associations between alcohol
use and other health behaviours.

Marimoutou et
al (2010)

France

Army
personnel in
2006 and 2007
n=990 (89%
male)

Crosssectional

Self-reported consumption
according to questions on
type, frequency and
amount consumed in the
past 12 months. Heavy
drinking was defined as 4+
drinks on a typical drinking
day or drunkenness at least
once a month over the past
12 months.

56% heavy drinkers

Not clear how the drunkenness
question was asked.

Active duty

Cross-

Self-reported consumption

Abstinence = 20% (males)

Mattiko et al
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US

54% smoking prevalence (for smoking
review).

RR=71%

(2011)

military
personnel in
2008
n=28,546)

sectional
using data
from DoD
HRB survey

and alcohol-related
negative consequences.

Heavy drinking = 22% (males)
AUDIT 8+=36% in Army

Consumption categorised
based on Q-F questions
and ranged from nondrinker to heavy drinker (5
or more drinks per drinking
occasion at least once a
week).

Younger personnel more likely
to report heavy drinking.
Association between drinking
level and serious
consequences and productivity
loss (dose-response).

Q-F categorisation could be done using
AUDIT.
Difficult to interpret associations
because of large sample size and
multiple hypothesis testing.

Negative outcomes were
measured as self-reported
serious consequences of
alcohol use and alcoholrelated productivity loss.
Full AUDIT also measured.
Mueller et al
(2009)

Rona et al
(2010)

Switzerland

UK

Military
conscripts
aged 18-22
n=25611
(mean age
=19)

Crosssectional

Regular Armed
Forces
personnel in
2005
n= 8585

Crosssectional

Self-reported drinking
frequency (lack of detail on
reference time period).

Self-reported full AUDIT.
Hazardous = 8-15
Need for brief counselling =
16-19
Possible dependence =
20+
Binge drinking defined as 6
or more units on single
occasion at least weekly.

Abstainers = 6%
Rare = 15% (max. five times
per year)
1-5 times per year = 53%
Regular = 24%
Daily = 2%

Only measured drinking frequency.

8.4% had AUDIT scores 16-19
6.9% had a score of 20 or
more
50% of men had score >8
Binge drinking = 47%
Younger age, lower rank, lower
education all associated with
higher AUDIT scores.
Functional impairment
associated with higher end of
AUDIT scores for a number of
indicators. However,

RR=61%
As with other UK studies using AUDIT,
standard drinks have been changed to
units but unclear whether validation
took place or specific wording of
question.

Can crudely compare with AUDIT.
Dose-response between consumption
frequency and smoking prevalence.

AUDIT consumption score correlates
with total score.
Binge drinking finding contrasts other
studies.
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associations were attenuated
when psychological
characteristics were adjusted
for.
Binge drinking not associated
with functional impairment.
Spera et al
(2010)

Stahre et al
(2009)

US

US

Junior Air
Force
personnel
aged 18-25
n=12993 in
2008

Repeat crosssectional

Active duty
military
personnel in
2005
n=16037

Crosssectional
using data
from DoD
HRBS

AUDIT with cut-off of 4+.

% with AUDIT scores of 4+ in
2008: Approximately14%

Study evaluates impact of
environmental intervention on alcohol
use.
Binge drinking defined as
consuming 5+ drinks on
single occasion at least
monthly.

43% past month binge
drinkers.
Binge drinking much more
common among young (17-25)
personnel.
Binge drinkers more likely to
report alcohol-related harms,
including job performance
problems (OR6.5; 4.7, 9.2);
alcohol-impaired driving
(OR4.9;
3.7, 6.5); and criminal justice
problems (OR6.2; 95% CI4.0,
9.7). All adjusted ORs.

Young et al
(2006)
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US

Male Air Force
recruits aged
18-20
n=41482

RR=49%

Crosssectional as
part of the
Recruit
Assessment
Programme
(RAP)

Self-reported risky drinking
defined as an AUDIT-C
score of 4+.

RR=52%
Similar data, approach and findings to
Mattiko, just different indicator of
consumption.
Authors report that age-specific
prevalence of binge drinking higher
than that reported among U.S. adults.

15% risky drinkers
40% non-drinkers

Drinking age law makes comparison
with UK difficult.

Adverse childhood experiences
associated with risky drinking.

Dose response association between
smoking and drinking.
Adjusted regression models for lifestyle
confounding.

Very large multivariate model wo
caution must be taken with overinterpretation.
Homish et al
(2010)

US

Nationally
representative
sample with
past year
military
employment
identifiable.
n>43000

Crosssectional

Self-reported frequency of
alcohol use, amount
consumed on heaviest
drinking day and problem
drinking.

Estimates not extractable.
No differences in frequency of
drinking but military reported a
greater number of drinks and
problem drinking (although
differences small).
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Smoking in the military
Study

Country

Sample

Design

Measure

Ames et al
(2002)

US

Navy recruits
aged in 1998
n=2002
(75% male)

Crosssectional

Smoked in
the past 30
days

Barton et al
(2010)

Australia

Defence
force
personnel in
2007
n=435
but only
n=207 for
smoking
status

Prevalence
(%)
51% any
tobacco

Risk factors

Other findings

Other unhealthy
behaviours.
White ethnicity.

RR=93%
Old study.

38%
cigarettes

Crosssectional –
comparisons
between
sample of
those
deployed and
those not
deployed.

At least 100
cigs in
lifetime and
currently at
least 1
cig/day

23%
(deployed)
18% (not
deployed)
58% and
56% never
smokers
respectively.

Comments

Authors compared prevalence to
civilians with only high school
diploma and found it was similar.
n/a

Respondents
reported increased
smoking on
deployment mostly
due to boredom,
stress and
cost/availability.
However, no
change in smoking
prevalence.

RR=44%
Low sample size and smoking
status inly obtained for half the
sample so issues of bias.

Smokers more
likely to report
respiratory
symptoms in
multivariate
analyses.
Blake et al
(1988)

US

Army
recruits in
1982
n=1230

Crosssectional

Current
smoker

54%

n/a

Smokers on
average 1.46 times
more likely acquire
URTI during
training.

Very old study.

Bray &
Hourani
(2010)

US

Active duty
US military
personnel

Repeat crosssectional

At least 100
cigs in
lifetime and

54% in 1998
38% in 2005

n/a

Highest
prevalence rates in
the Army

Summary of trends from DoD
survey of health related
behaviours.
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1980 to
2005. Large
sample sizes
(12k to 22k
in different
years)
Bray et al
(2013)

UK

Armed
Forces
recruits
1998/99 to
2002
n=10531 in
1998/99,
5729 of
whom were
followed up.

currently at
least 1
cig/day

compared with
other services.

No data on recruits.
RR range 52 to 84% (lower in
recent surveys)
Very large sample size.

Repeat crosssectional with
longitudinal
component.

Current
smoker at
entry

In 2002:
Army=48%
RN=40%
RAF=30%
Overall=39%

Strong association
between 2004 IMD
scores and smoking
prevalence.

Prevalence in
Army highest
among those
joining the infantry
(49-66%).

Estimates by trade based on
small samples.
Very relevant paper although
data quite old.

Army infantry
recruits from more
deprived areas.
Lower prevalence
among trades
where fitness is
emphasised.
Increase over time
explained by
recruits who had
given up pretraining and then
started again.
Increase in
smoking
prevalence across
all services.

Bridger et al
(2009)

Conway et al
(2007)

UK

US

Navy
personnel in
2007
n=2596

Crosssectional

Female
Navy

Prospective
from service

No smoking
prevalence
measure
reported.

n/a

n/a

n/a

n/a

n/a

Smokers more
likely to be
categorised as
medically unfit.

Insufficient detail on
dichotomisation of ‘fit’ and ‘unfit’.

For women
entering the US

Good adjustment for potential
confounders and effect

Models not adjusted for SES.
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Cooper et al
(2010)

DiNicola et al
(2006)

Fear et al
(2010)

US

Italy

UK

personnel
sampled in
1997
n=5487

entry

Navy, being a daily
smoker is a
prospective
predictor of poorer
performance in the
Navy including
demotions,
misconduct, early
attrition.

Air Force
recruits in
1999-2000
n=5603
(73% male)

Crosssectional at
baseline of a
larger RCT

Regular
smoker
before BMT.

24%

Military
members in
2001/02
n=392
personnel
and 58
conscripts

Crosssectional

Smoked at
least 4 cigs
per day

54%

Armed
Forces
personnel in
1997 and
2004
n=2276 in
2004

Repeat crosssectional (data
from Hotopf et
al 2006)

No
sociodemographic
characteristics.

Family
members/peers
smoke.

modifiers.
Not generalisable.

Old data
Difficult to extract all relevant
information because research
focus is not relevant
Higher smoking
prevalence than
age-matched
general population.

Old data.

Smoking
prevalence higher
in general
population (33%).
but mean cigs/day
lower (14).

RR=66-69%

RR not given.

Higher cultural
class.
Self-reported
current
smoking.

29.8%

Mean
number of
cigs smoked.

Mean=15.4

Rank, educational
status, relationship
status, age and
being in the Army
increases risk of
being a smoker.

Usefully compares by SES
strata.

Downward trend in
smoking
prevalence over
time.
Green et al
(2008)
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US

Air Force
recruits in
2005
n=2962
(72% male)

Crosssectional

Current
smoker

29%

Study focussed on
predictors of
initiation/
reinitiating smoking.
Associations

Perceived norms, like alcohol,
seem to be a key predictor of
behaviour.

between social (e.g.
perceptions of
peers’ smoking) and
role models (military
leaders smoking
behaviours)
Haddock et al
(1998)

Haddock et al
(2007)

Haddock et al
(2007)

US

US

US

Male Air
Force
recruits in
1995
N=32144
(74% male)

Crosssectional

Air Force
recruits in
1995/96 and
1999/2000
n=~30000 in
both surveys

Repeat crosssectional

Active-duty
personnel in
2002
N=12149

Crosssectional data
from 2002
HRBS

Smoked at
least 1
cigarette/day
before BMT

Smoked
regularly
before BMT
(95/96)
At least 100
cigs in
lifetime and
currently at
least 1
cig/day
before BMT
(99/00.
Smoked a
cigarette in
the past 30
days and
smoked
>100
cigarettes in
lifetime

33%
Males only:
≤10/day
=27%
1120/day=47%
2130/day=21%
>30=5%

Euro-Americans,
lower education,
higher income
households, friends
who are smokers
more likely to be
smokers.

Smokers more
likely to drink, have
a poor diet and
report low activity.

18-24 year
olds:
33% in 99/00

Caucasians, friends
who smoke, alcohol
consumption.

Higher prevalence
than age/sex
matched general
population.

Current smoking a
strong predictor of
military readiness
(physical health,
mental health,
substance abuse,
and legal problems.

Authors
recommend that
smoking status is
assessed at same
time as fitness.

Old study.
RR not given.
Higher income households in
contrast to general population

Males only in
99/00:
≤10/day
=46%
1120/day=39%
2130/day=10%
>30=4%
35%

RR=56%
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Hooper et al
(2008)

Klesges et al
(2001)

UK

US

Random
sample from
each UK
service in
2002
(n=1382 see
Rona et al)
followed up
in 2005
(n=941).

Prospective
cohort study

Military
personnel in
95/96
n=29044

Crosssectional

Current
smoking

28% in 2002
23% in 2005

n/a

Mean
cigarettes
per day = 15
at both time
points

At least 1
cig/day
before BMT

Air Force=
29%
Army=41%
Navy=39%
Marines=45
%

n/a

Smoking less
prevalent in the
than in the general
population.

68% follow-up.

Smokers 1.8 times
more likely to be
discharged in the
first year of
service.

Old data.

Discharge rates
ranged from 10%
to 18%.

Civilian comparison age
matched but not adjusted for
measures of SES.

Test-retest reliability of smoking
items high.
Adjustment in multivariate
models increased odds of
discharge which seems odd.

Other lifestyle
factors not
predictors of
discharge.
Larson et al
(2007)

US

Navy recruits
entering
BMT
between
1997-1999
n=134628

Retrospective
cross-sectional

Currently
use tobacco

Not
extractable

n/a

Smokers
Almost twice as
likely to attrite after
adjustment.

Old data.
Authors suggest that smoking
status should be used as an
indicator at a recruitment to
highlight those with physical and
psychological risk.
34% prematurely discharged.

Lynch et al
(2004)
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US

Armed
Forces
personnel in
1998

Crosssectional data
from 98 HRBS

Smoking in
past 30 days

Army = 45%

Smoking status
associated with
other lifestyle
behaviours.

Smoking status
associated with
other lifestyle
behaviours. Dose-

Old data.
RR=59%

response
association with
levels of alcohol
consumption and
current smoking.
Macera et al
(2011)

US

Male Navy
personnel
between
2005-2008
n=18537

Retrospective
cohort

Current
smoker

20%

Younger, lower BMI
and enlisted.

Smoking
associated with
slower run time,
fewer press-ups
and pull-ups.

Novel findings.

Smokers had
greater decline in
cardiorespiratory
fitness over time.
Miedinger et
al (2006)

Swiss

Male
conscripts in
2005
n=2826 (24
female)

Crosssectional

Fagerstrom
test for
nicotine
dependence:
smoked in
the last
month and
smoked >20
packs of cigs
in lifetime

48%

Respiratory
symptoms
significantly higher
in smokers.

Useful to know attitudes towards
quitting.

33% were willing
to participate in a
smoking cessation
program

Miller et al
(2000)

US

Army
personnel
in 1987 with
follow up to
1996
n=300000

Prospective

Current
smoker

40%

Low exerciser,
heavy alcohol
consumption,
younger age and
white.

Dose-response
association
between smoking
status and suicide
risk after
adjustment for
other
sociodemographic
and behavioural
factors.

Old data

Munnoch and
Bridger (2007)

UK

Royal
Marines

Prospective
(smoking

Current
smoker

13%

n/a

Dose response
association

Low prevalence likely to reflect
characteristics of those typically
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recruits in
2001-2002
n=1115

status
determined at
start of training
and used as
exposure
variable for
training
outcomes)

between smoking
status and injury.

entering Royal Marines- i.e. fit
and healthy
Authors suggest routine
monitoring of smoking status
would be a useful step in an
overall injury prevention
strategy.

Nelson et al
(2009)

US

Army
personnel in
Western
USA in
2004-2006
n=72

Ethnographic

n/a

n/a

n/a

Recruits use
tobacco because
their friends do.
Soldiers use
tobacco to make
friends, combat
stress and stay
awake.

Interesting contextual
information. Could provide
insights for interventions.

Olmsted et al
(2011)

US

Active-duty
personnel in
2008
N=28546

Crosssectional data
from 2008
HRBS

Tobacco use
in the past
month

Smoked
cigarettes:
Army=35%
Navy=33%
Marines=40
%
Air
Force=24%

Male, white nonHispanic, those with
a high-school
education or less,
and aged 17–25
years more likely to
smoke.

none

RR=71%

22%

White smokers had
lower body weight.

SherrillMittleman et
al (2009)

US

Trent et al
(2007)

US
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Air Force
recruits
entering
BMT in
1999-2000
n=35986
(74% male)

Crosssectional

Male Marine
Corp recruits
in 2002/03
n=15689

Crosssectional

Current
smoking

Very large sample.
Can’t directly compare with
other estimates from previous
HRB surveys because of
different measure used.
RR not given.
Old data despite being recent
study.

Any tobacco
use in past
30 days

49%

Peer/family use

>28% used
tobacco within 30
minutes after
waking for the
day and 16%
within the first

RR not provided.
Gives useful info about impact of
ban during BMT.

hour.
Ward et al
(2003)

US

Air Force
recruits in
1995
n=32144
(same
sample as
Haddock et
al)

Crosssectional

Regular
smoker
before BMT

25%

Homish et al
(2010)

US

Nationally
representativ
e sample
with past
year military
employment
identifiable.
n>43000

Crosssectional

Klesges et al
(2010)

US

Air Force
airmen
n=5525

Prospective
cohort

Current
smoking by
type
(cigarette,
smokeless)

Not
extractable

Marimoutou et
al (2010)

France

French Army
in 2006/07
n=990

Crosssectional

Not
extractable

Smoking
prevalence =
54%

Self-reported
physically active
smokers reported
healthier
behaviours than
less active
smokers,
including: more
fruits and
veg, less nicotine
dependent, and
greater quit
success.

Authors suggest that active
smokers may be more
amenable to cessation
interventions.
Also useful for physical activity
subsection, and fruit and veg
intake estimate.

Smoking rates
higher in those
with past military
involvement.

Most smokers
initiating
smokeless tobacco
use after BMT had
harm escalation,
which was 5.4
times more likely
to occur than harm
reduction.

Very important implications for
interventions (e.g. e-cigs as
harm reduction technique.

Younger, lower
educated and Army
personnel more
likely to engage in
unhealthy
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behaviours
Smoking prevalence estimates from injury risk factor studies in male military recruit populations
Altarac et al
(2000)

US

Male Army
recruits in
1988
n=1087

Prospective
cohort study
with baseline
questionnaire

Smoking in
the month
prior to
BMT

35%

Not applicable

Very old data.

CanhamChervak
(2006)

US

Army
recruits in
2003
n=1156 and
746 women

Prospective
cohort with
baseline
questionnaire

Smoking
every day
in month
before
BCT

>25%

Not applicable

Precise estimate not provided.

Knapik et al
(2001)

US

Male Army
recruits
n=225

Retrospective
observational
study

Current
smoker

22%

Not applicable

Very old data.
Small sample size.

Knapik et al
(2013)

US

Male Army
recruits in
2010/11
n=1837

Prospective
cohort study
with baseline
questionnaire

Smoking in
the month
prior to
BMT

25%

Not applicable

Knapik et al
(2013)

US

Male Army
recruits in
combat
engineer
training in
2010/11
n=1633

Prospective
cohort study
with baseline
questionnaire

Smoking in
the month
prior to
training

47%

Not applicable

Niebuhr et al
(2008)

US

Male Army
recruits in
2004/05
n=7682

Prospective
cohort study
with baseline
questionnaire

Tobacco
history

25%

Not applicable

Measure not clearly defined.

Sharma et al
(2011)

UK

Male Army
recruits
n=468

Prospective
cohort study
with baseline
measure.

Current
smoking

30%

Not applicable

Measure not clearly defined.

Swedler et al

US

Male Army

Prospective

Smoking in

52%

Not applicable
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(2011)

Taanila et al
(2011)

Finland

recruits in
2007
n=2719

cohort study
with baseline
questionnaire.

the month
prior to
BMT

Male
conscripts in
2006-2008
n=1513

Prospective
cohort study
with baseline
questionnaire

Previous or
current
regular
smoker

43-57%
depending on
trade

Not applicable

Current smokers contaminated
with ex-smokers.
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Diet in the military
Study

Country

Sample

Design

Relevant measures

Findings

Comments

Bingham et al
(2009)

Finland

Volunteer
conscripts in
2004
n=85

Crosssectional

4-day food diaries in
different settings. Diary data
analysed using specific
software.

Garrison food found to be nutritious
varied and offers a balanced diet.
However, during free time, food
choices were more likely to be
energy rich and less nutritious.

Reasonable sample size for food diary
approach.

Bingham et al
(2010)

Finland

Military
conscripts in
2007
n=2905

Crosssectional

Self-reported food frequency
questionnaire.

Healthier diet associated with other
health behaviours (smoking,
physical activity and eating
breakfast). Unhealthy snacking
inversely associated with BMI.

RR=46%

Daily consumption of fruit and
berries and vegetables was
8% and 13% respectively.

Residual confounding likely to be a
problem – explanatory factors did not
explain a lot of the variance in the
regression models.
Study provides % consuming a long list
of nutrients – useful for comparison of
specific foodstuffs of interest.

Bingham et al
(2011)

Finland

Male
conscripts in
2007
n=1430

Cohort study

Self-reported food frequency
questionnaire at start and
after 6 months of training.

Positive and negative responses to
military training in terms of diet.
Consumption of savoury fatty foods
declined while consumption of
sugary sweets increased.

RR=45% at baseline

CanhamChervak
(2006)

US

Army recruits
in 2003
n=1156 and
746 women

Prospective
cohort with
baseline
questionnaire

Self-reported food frequency
questionnaire.

67% of males ate fast food 2 or
more times per week.
20% of recruits (all) never ate
breakfast.

Author examines association between
lifestyle behaviours and injury.

Crombie et al
(2013)

US

Army soldiers

RCT

Digital photos of meals (x3
at each time point) were
used to assess nutrient
intake.

An intervention designed to change
food service operations improved
the dietary behaviour of soldiers,
who were satisfied with the
changes.

Digital photography method has been
validated.
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Novel approach to changing the
environment, moving focus away from

the individual.
Jallinoja et al
(2011)

Finland

Male military
conscripts
n=1430

Cohort
(baseline and
follow-up at 6
months)

Self-reported measures of
health behaviours, eating
habits and attitudes towards
healthy eating.

Consumption of sweets increased
while consumption of fatty foods
decreased during military service.
Craving for sweet snacks increased
during service as did using food as
a reward.

Smith et al
(2013)

Tharion et al
(2004)

Uglem et al
(2008)

Yore et al
(2000)

US

US

Norway

US

Active duty
service
personnel in
2005
n=15747 (85%
men)

Special Forces
personnel
n=45

Crosssectional
using data
from the 2005
HRBS

Self-reported food
consumption based on FFQ
with best-fit comparison to
national guidelines.

29% ate fruit and 38% ate
vegetables at least daily; 33% ate
sweets at least daily and 18% fast
food.
Only 3% met the 2010 Healthy
People objectives.

Observational
study over 9
days

All questionnaires had been previously
validated.
Authors suggest that environmental
influences such as accessibility to
certain foods, as well, as the stress of
military service affect eating behaviour
and attitudes.

RR=52%
Very useful epidemiological overview of
dietary behaviour in military population.
Approach is generalisable.
May questions comparable to REAP.

Those who skipped breakfast less
likely to meet objectives.

Authors contend that daily breakfast
and reduced reliance on restaurants
are priorities for military personnel.

Energy intake assessed
using visual assessment of
garrison meals. Compared
with energy expenditure
measured using doubly
labelled water method.

Higher energy intake on days when
meals were consumed at the
garrison.

Not generalisable but gives interesting
insight into the importance of
understanding energy demands of the
service personnel for whom you are
providing meals.

Energy demands were not always
met by the meals provided at the
garrison.

Male National
Guard recruits
n=578

Crosssectional
survey

Self-reported food diary.
Also questionnaire on
perception of and attitudes
towards vegetable
consumption

6% of recruits met vegetable
consumption recommendations
(450g per day). Recruits found it
difficult to know what the 5-a-day
message meant but were keen to
eat more fruit/veg.

RR=78%

Army
personnel in

Crosssectional

Self-reported measures of:

72% don’t salt food;
39% eat fatty foods daily;

For the 3 indicators of interest, Army
personnel reported healthier eating

Food diary validated
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1997/98
n=59771

246

Whether salt food before
tasting; whether eat foods
high in fat daily; whether eat
high fibre foods daily.

52% eat high fibre foods daily;

habits than the general population.

PA in the military
Study

Country

Sample

Design

Relevant measures

Findings

Comments

Borken et al
(2007)

Norway

Navy
personnel
n=1657
compared with
civilians
n=593.
89% of total
sample were
male.

Crosssectional

Self-reported activity:
How much physical activity
have you had during work in
the past year (average per
week)?" with two scales,
one for heavy activity and
one for light activity. A
separate item asked the
same question for leisure
time activity.

Military personnel reported higher
activity levels than civilians, but the
difference was small.

Differences in the characteristics of
military/civilians not adjusted for in the
analyses.

Activity levels associated with
reporting of musculoskeletal
disorders.

Responses combined and
categorised into low activity,
moderate activity and high
activity.
Gubata et al
(2011)

US

Army
applicants in
2006
n=1932

Crosssectional

Self-reported subset (4
items) of questions in the
Youth Risk Behavior
Surveillance System
(YRBSS).

63% of respondents met ACSM
recommendations.
Those meeting recommendations
more likely to pass entry fitness test.

Finland

Male military
conscripts in
2007-2009
n=1036

Crosssectional

Self-reported response to::
“How often do you exercise
at least 30 min so that you
sweat and get out of
breath?” Responses
categorised as
Not at all to once a month;
2–4 times/month;
2–3 times/ week;
4–7 times/week .

Smoking prevalence 26% among males
and mean cig/day = 9.
SES not adjusted for in multiple
regression models, but less of an issue
with physical activity.

Results compared with
ACSM activity guidelines
Kinnunen et al
(2012)

See paper for specific questions asked.

Not at all to once a month=6%
2–4 times/month=27%
2–3 times/ week=34%
4–7 times/week=33%
Dose response association between
physical activity and self-control.

Consistency between self-reported
activity and fitness reassuring.
Difficult to know direction of causality –
increase in activity might increase selfcontrol or vice versa.

Objectively assessed fitness also
associated with self-control.
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Self-reported self-control
measure.
Mullie et al
(2013)

Reis et al
(2007)

Belgium

US

Male military
personnel
n=1852

Crosssectional

Male Marine
Corp recruits
in 2003
n=2137
.

Prospective
cohort study
with baseline
questionnaire

International Physical
Activity Questionnaire
(IPAQ). Categorises
respondent into low,
moderate and high activity.

Low=21%
Moderate=22%
High=58%

RR=37%

Self-rated fitness compared
with others.
Self-reported:
- exercise frequency
(times/week)
- sweating during exercise
- run/jog frequency
(times/week)

Self-rated fitness
Poor/fair=30%
Good=51%
Very good/excellent=19%

Prior injury also associated with
discharge.

Mediterranean Diet Score seems to be
a well-utilised tool in the military.

Exercise frequency
≤2=26%
3=23%
≥4=51%
Sweating during exercise
Never/occasionally=23%
Fairly often=39%
Quite a lot/most or all of the
time=38%
Run/jog frequency (times/week)
None=5%
1-2=36%
3=23%
≥4=36%
Self-rated fitness associated with
discharge.

Riley et al
(2005)

248

US

Male Marine
Corp recruits
n=1583

Crosssectional
survey with
objective
fitness test
after 1 month

Four self-reported items:
How many pull ups can you
do right now?
How would you rate your
current fitness compared
with others your age (5

Pull-ups: mean=10
Self-rated fitness:
Poor=1%; Fair=21%; Good=54%;
Very good=21%; Excellent=4%
Competition: No exercise=1%;
No=36%; Yes=62%.

For self-rated fitness there are 3
positive response options but only one
negative.
Authors dichotomised responses for
association analyses, precluding dose-

Smith et al
(2013)

Ward et al
(2003)

Wilson et al
(2012)

US

US

US

response categories)
Is your exercise competition
focussed? (Yes/No)
During exercise, how often
do you work up a “good
sweat” (5 response
categories)

Sweat: Never=0.3%;
Occasional=19%; Fairly often=39%;
Quite a lot=28%; Most of the
time=14%.

response assessment.

Self-rated fitness (all indicators)
significantly associated with
objectively assessed fitness (entry
test).

Active duty
service
personnel in
2005
n=15747 (85%
men)

Crosssectional
using data
from the 2005
HRBS

Self-reported leisure-time
physical activity based on
duration and frequency
during the 30 days before
the survey. Respondents
categorised as meeting
Healthy People objectives
for moderate (at least 30
min/day, 5 days/week) and
vigorous activity (at least 20
min/day 3 days/week).

58% met the recommendations.

RR=52%

Those in the Army, of higher
education and non-smokers most
likely to meet Healthy People
objectives.

Higher prevalence meeting objectives
than general population (32%).

Air Force
recruits in
1995/96
n=32144
(~80% males)

Crosssectional

Self-reported activity in 12
months before
BMTcompared with others
of same age and sex.

21% much more physically active
than others’’ during
the 12 months prior to BMT.

Old data.

Male Air Force
personnel
n=114

Crosssectional

Presumably missing 27% is those
reporting being “slightly more active”

52% reported about the same,
slightly less, or much less
active than others.
Self-reported frequency of
current exercise in days.

Correlation between self-reported
exercise frequency and
performance in military
fitness/health test.

Small sample size.
Not possible to assess dose-response
association.
Only age adjusted for in the correlation
analyses.
Suggests self-reported exercise is a
valid measure of military test
performance.
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Knapik et al
(2001)

US

Male Army
recruits
n=225

Prospective
cohort study
with baseline
questionnaire

Self-rated activity compared
with others the same
age/sex.

Less active=26%
Average=27%
More active=46%

Very old data.
Small sample size

Less active had increased risk of
injury.
Knapik et al
(2010)

Knapik et al
(2013)

US

US

Air Force
recruits in
2007
n=2676 (75%
male)

Male military
police recruits
n=1838

RCT with
baseline
questionnaire.

Prospective
cohort study
with baseline
questionnaire.

Self-reported activity based
on self-rating of activity
compared with peers.
Response categories: much
less active; less active;
about the same; more
active; much more active.

Results for men in experimental
group:
Much less active=5%
Less active=17%
About the same=36%
More active=29%
Much more active=12%

Frequency of
running/jogging before
training: ≤1 time a week; 2-4
times a week; ≥5 times a
week.

Running/jogging:
≤1 time a week=40%
2-4 times a week=50%
≥5 times a week=10%.

Frequency of
exercise/sports: 1 time a
week; 2-4 times a week; ≥5
times a week.

Exercise/sports
≤1 time a week=16%
2-4 times a week=59%
≥5 times a week=25%.

As above though frequency
of sports/jogging in relation
to past 2 months and
running/jogging question
asked about when recruit
started regularly performing
these activities

Much less active=5%
Less active=17%
About the same=24%
More active=35%
Much more active=19%
Running/jogging:
≤1 month=25
2-6 months=52
≥7 months=24
Exercise/sports
≤1 time a week=15%
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Smoking prevalence ~26% (seems to
be consistently about 25% in Air Force
recruits in the US).
Simple, easy to answer questions of
activity, but not associations with
training outcomes.

Frequency distributions broadly similar
with Knapik et al 2010.

2-4 times a week=48%
≥5 times a week=37%.
Knapik et al
(2013)

US

Male Army
recruits in
combat
engineer
training in
2010/11
n=1633

Prospective
cohort study
with baseline
questionnaire

As above

Much less active=4%
Less active=18%
About the same=26%
More active=36%
Much more active=16%

Frequency distributions broadly similar
with other military recruit studies.
Low activity as measured by most
indicators associated with injury in
univariable analysis.

Running/jogging:
≤1 time a week=29%
2-4 times a week=57%
≥5 times a week=14%.
Exercise/sports
≤1 time a week= 11%
2-4 times a week=56%
≥5 times a week=33%

Rosendal et al
(2003)

Denmark

Male military
conscripts
n=349

Prospective
cohort study
with baseline
questionnaire.

Self-reported fitness level
compared with other men
the same age.

Well trained=20%
Trained=46%
Less trained=27%
Untrained=7%

Measure used was adapted from
Washburn et al – used in most of
Knapik’s studies.

Association between self-reported
fitness and injury during training.
Trone et al
(2013)

US

Navy recruits
in 2007
n=293

Prospective
cohort study
with baseline
questionnaire.

Self-reported measures of:
- physical activity compared
with same age and sex
- current physical fitness
- frequency of exercise or
sports 2 months before
basic training
- frequency of running or
jogging 2 months before
basic training
- length of time (months)
ran or jogged before

Results for men:
Self-reported activity:
Much more active/somewhat more
active= 48%
About the same=29%
Somewhat less active/much less
active=23%
Current fitness level:
Excellent /very good=20%
Good=42%
Fair/poor=38%

Small sample size relative to many
other studies.
Not generalisable to whole recruit
population.
Self-reported activity/fitness associated
with poorer training outcomes
(graduated late or left).
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basic training
Frequency of exercise/sports:
>7 times/week=24%
2-4 times/week=58%
<1 time/week=18%
Frequency of running/jogging:
>7 times/week=13%
2-4 times/week=54%
<1 time/week=32%
Length of time ran/jogged pretraining:
>7months=37%
4-6 months=40%
2-3 months=12%
1 month=11%
Wilkinson et al
(2011)

252

UK

Male Army
infantry
personnel
n=660

Prospective
cohort study
with baseline
questionnaire

Self-reported measures of:
- activity compared with
peers.
- weekly jog/run frequency
- weekly activity time
- weekly endurance training
time
- weekly strength training
time

Self-rated activity:
Less/same=53%
More/much more=47%
Jog/run frequency:
≤1=15%
2-3=56%
≥4=29%
Weekly activity time (min):
0-150=18%
151-300=34%
>300=49%
Weekly endurance time (min):
0-150=44%
151-300=35%
>300=21%
Weekly strength time (min):
0=15%
1-150=64%
>150=21%
Self-rated activity and jog frequency
significantly associated with injury.

Smoking prevalence=53%
Unclear whether activity includes workbased activity.

Diet in the military
Study

Country

Sample

Design

Relevant measures

Findings

Comments

Bingham et al
(2009)

Finland

Volunteer
conscripts in
2004
n=85

Crosssectional

4-day food diaries in
different settings. Diary data
analysed using specific
software.

Garrison food found to be nutritious
varied and offers a balanced diet.
However, during free time, food
choices were more likely to be
energy rich and less nutritious.

Reasonable sample size for food diary
approach.

Bingham et al
(2010)

Finland

Military
conscripts in
2007
n=2905

Crosssectional

Self-reported food frequency
questionnaire.

Healthier diet associated with other
health behaviours (smoking,
physical activity and eating
breakfast). Unhealthy snacking
inversely associated with BMI.

RR=46%

Daily consumption of fruit and
berries and vegetables was
8% and 13% respectively.

Residual confounding likely to be a
problem – explanatory factors did not
explain a lot of the variance in the
regression models.
Study provides % consuming a long list
of nutrients – useful for comparison of
specific foodstuffs of interest.

Bingham et al
(2011)

Finland

Male
conscripts in
2007
n=1430

Cohort study

Self-reported food frequency
questionnaire at start and
after 6 months of training.

Positive and negative responses to
military training in terms of diet.
Consumption of savoury fatty foods
declined while consumption of
sugary sweets increased.

RR=45% at baseline

CanhamChervak
(2006)

US

Army recruits
in 2003
n=1156 and
746 women

Prospective
cohort with
baseline
questionnaire

Self-reported food frequency
questionnaire.

67% of males ate fast food 2 or
more times per week.
20% of recruits (all) never ate
breakfast.

Author examines association between
lifestyle behaviours and injury.

Crombie et al
(2013)

US

Army soldiers

RCT

Digital photos of meals (x3
at each time point) were
used to assess nutrient
intake.

An intervention designed to change
food service operations improved
the dietary behaviour of soldiers,
who were satisfied with the
changes.

Digital photography method has been
validated.
Novel approach to changing the
environment, moving focus away from
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the individual.
Jallinoja et al
(2011)

Finland

Male military
conscripts
n=1430

Cohort
(baseline and
follow-up at 6
months)

Self-reported measures of
health behaviours, eating
habits and attitudes towards
healthy eating.

Consumption of sweets increased
while consumption of fatty foods
decreased during military service.
Craving for sweet snacks increased
during service as did using food as
a reward.

Smith et al
(2013)

Tharion et al
(2004)

Uglem et al
(2008)

Yore et al
(2000)
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US

US

Norway

US

Active duty
service
personnel in
2005
n=15747 (85%
men)

Special Forces
personnel
n=45

Crosssectional
using data
from the 2005
HRBS

Self-reported food
consumption based on FFQ
with best-fit comparison to
national guidelines.

29% ate fruit and 38% ate
vegetables at least daily; 33% ate
sweets at least daily and 18% fast
food.
Only 3% met the 2010 Healthy
People objectives.

Observational
study over 9
days

All questionnaires had been previously
validated.
Authors suggest that environmental
influences such as accessibility to
certain foods, as well, as the stress of
military service affect eating behaviour
and attitudes.

RR=52%
Very useful epidemiological overview of
dietary behaviour in military population.
Approach is generalisable.
May questions comparable to REAP.

Those who skipped breakfast less
likely to meet objectives.

Authors contend that daily breakfast
and reduced reliance on restaurants
are priorities for military personnel.

Energy intake assessed
using visual assessment of
garrison meals. Compared
with energy expenditure
measured using doubly
labelled water method.

Higher energy intake on days when
meals were consumed at the
garrison.

Not generalizable but gives interesting
insight into the importance of
understanding energy demands of the
service personnel for whom you are
providing meals.

Energy demands were not always
met by the meals provided at the
garrison.

Male National
Guard recruits
n=578

Crosssectional
survey

Self-reported food diary.
Also questionnaire on
perception of and attitudes
towards vegetable
consumption

6% of recruits met vegetable
consumption recommendations
(450g per day). Recruits found it
difficult to know what the 5-a-day
message meant but were keen to
eat more fruit/veg.

RR=78%

Army
personnel in

Crosssectional

Self-reported measures of:

72% don’t salt food;
39% eat fatty foods daily;

For the 3 indicators of interest, Army
personnel reported healthier eating

Food diary validated

1997/98
n=59771

Whether salt food before
tasting; whether eat foods
high in fat daily; whether eat
high fibre foods daily.

52% eat high fibre foods daily;

habits than the general population.
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Injuries in military recruits
Study

Country

Sample

Design

Measure(s)

Result

Risk factors*

Comments

Altarac et al
(2000)

US

Male Army
recruits in
1988
n=1087

Prospective
cohort study
with baseline
questionnaire

All clinic visits for illness
or injury. Injuries
categorised as traumatic
or overuse.

Incidence = 33%

Smoking

Incidence not expressed as persontime.

14% of men lost more than
>5 days of training due to
injury.

Survival analysis would have been
more robust method.

Traumatic/overuse.
Smoking effect driven by heaviest
smokers.

Injury incidence
calculated as % of
recruits with clinic visits
for that medical condition.
Billings
(2004)

US

Air Force
cadets in
2002
n=986 (men)

Retrospective
observational
study

All clinic visits for injury or
illness. ICD-9 codes
used.
Injuries diagnosed by
type and site.

Incidence = 43%

High BMI

Cumulative incidence =
616 / 1000 cadets

Incidence not expressed as persontime.
Survival analysis would have been
more robust method.

Site: Trunk=25%;
Knee=15%; Ankle and
foot=45%;

Smoking effect driven by heaviest
smokers.

Diagnosis: Sprains=43%

Use of ICD-9 codes offers improved
standardisation (though still
dependent on those coding the
diagnoses).
Smoking status not adjusted for.

Blacker et al
(2008)
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UK

Army
recruits in
2003-2005
n=13417
(11937 male
and 1480
female)

Retrospective
observational
study

All reported trainingrelated injuries.

Male rate= 0.6
recruits/1000 person-days

Slower run
time.

Backward stepwise Cox regression
used.

Person time injury
incidence rates
calculated/

Lower limb=55%
Back and neck=13%
Upper limb=4%
Other=30%

Lower BMI.

Lifestyle confounding.

Non-white
ethnicity.

Infantry recruits not included.

1000 person days calculated from
100 person days.
Slower run time dose-response
association.
CanhamChervak
(2006)

Cowan et al
(2011)

US

US

Army
recruits in
2003
n=1156 and
746 women

Prospective
cohort with
baseline
questionnaire

All reported trainingrelated injuries.

26% of male recruits
injured.

Incidence and persontime incidence rates

4.2 recruits/1000 persondays

Army cadets
in 2005-06
n= 812
(overweight)
and 6511
(not
overweight)

Prospective
cohort study

Overuse injuries using
ICD-9

Non-overweight :
Incidence=27%
Incidence rate=3.6/1000
person-days

Person time injury
incidence rates
calculated

Smoking

Analyses adjusted for lifestyle
confounding.

High BMI
Smoking
Older age

Only overuse injuries.
Cox regression used.
Only adjustment for age and
smoking.

Ankle/foot=29%; Lower
leg=30; Back=16%;
Knee=17%;
Thigh/pelvis/hip=8%;
Lower limb other=1%
Pain=53%
Sprain/strain=31%
Arthropathy=6%
Tendonotis=5%
Bone stress=4%

Davidson et
al (2008)

NZ

Military
personnel in
2002/03
n=10,500

Retrospective
observational
study

Lower limb injuries.
Person-time incidence
rates

0.8 injuries per 1000
person-days

n/a

Person days calculated from personyears.

Ankle (35%), knee (16%),
upper leg (15%) and lower
leg (10%).
Sprains most common
injury diagnosis.
Overexertion most
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common cause followed by
blunt force.
Highest incidence in
recruits = 1.7 injuries per
1000 person-days
Grier et al
(2010)

Havenetidis
et al (2011)

US

Greece

Army
recruits
(recently
graduated
between
2000-2006
n=27289
males

Retrospective
observational
study

Male Army
recruits
n=233

Prospective
cohort study

Self-reported current
injury.

8% of men reported current
injury.

Older age
Smoking

Very low Incidence probably
indicates self-reported nature of
question so less useful than other
studies.

Injury Incidence = 28%

n/a

Incidence not expressed as persontime.

High body fat.

Incidence not expressed as persontime.

More concerned with
associations than
incidence.

All reported trainingrelated injuries coded
with ICD-9.

Lower limb=79%
Ankle/foot=45%

Injury Incidence
Most injuries reported in
weeks 1 and 2 followed by
gradual decline to week 7.
Havenetidis
et al (2011)

Greece

Army
recruits
n=253

Prospective
cohort study

All reported trainingrelated injuries coded
with ICD-9.

Injury Incidence = 32%

Survival analysis would have been
more robust method.

Acute/overuse.

Results not expressed clearly. Not
clear how exposures have been
categorised.
Knapik et al
(2001)

US

Male Army
recruits
n=225

Retrospective
observational
study

An event requiring
medical care.
Acute/overuse
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Incidence rate
(recruits/1000 persondays):
All=5.6
Time-loss=4.6

Smoking
Slower run
time (VO2max)
Sport
frequency

Small sample size.
Cox regression used on long list of
explanatory variables. If p<0.1 in
univariate entered into multivariate

Knapik et al
(2010)

US

Air Force
recruits in
2007
n=2676
(75% male)

RCT with
baseline
questionnaire.

Time-loss

Lower extremity=4.2

model.

Person-time incidence
rate

Lower body/back=83%
Knee =21%; ankle=16%;
foot=14%; low back=11%;
shin=8%.

Slower time dose-response
association.

All clinic visits for injury or
illness.

Incidence rate=6.4
recruits/1000 person-days
(control group)

Smoking
Slower run
time

Unique indices created but only
overall rate reported here.
Includes outpatient visits and nonmilitary clinics.
Cox regression used on long list of
explanatory variables. If p<0.1 in
univariate entered into multivariate
model.

Knapik et al
(2013)

US

Male Army
recruits in
2011/12
n=~7117

Prospective
cohort study

Outpatient appointments
occurring within military
treatment facilities as well
as civilian facilities (paid
for by military).
Incidence and persontime incidence rate.

Knapik et al
(2013)

US

Male Army
recruits in
2010/11
n=1837

Prospective
cohort study

Outpatient appointments
occurring within military
treatment facilities as well
as civilian facilities (paid
for by military).
Incidence and persontime incidence rate.

Incidence = 58%

n/a

Useful information on activities
associated with injuries.

Older age
Smoking
Self-reported
activity
Prior injury

Unique indices created but only
overall rate reported here.

Lower back and lower
body = 88%
Foot blisters=15%; knee
joint pain=11%; ankle
sprains=10%; knee
tendonitis =7%; shin
splints=7%; foot pain=6%;
hip joint pain=4%.
Incidence=34%
Incidence rate=2.6/1000
person-days

Cox regression used on long list of
explanatory variables. If p<0.1 in
univariate entered into multivariate
model.
Activity dose-response association
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Knapik et al
(2013)

Lisman et al
(2013)

US

US

Male Army
recruits in
combat
engineer
training in
2010/11
n=1633

Prospective
cohort study

Male Marine
Corp recruits
n=874

Prospective
cohort study

Outpatient appointments
occurring within military
treatment facilities as well
as civilian facilities (paid
for by military).

Incidence=47%
Incidence rate=4.9/1000
person-days

Incidence and persontime incidence rate.
“An injury was defined as
an event that resulted
in physical damage to the
body during training that
caused a subject to seek
medical care one or more
times during the study
period”

n/a

Older age
Self-reported
activity
Prior injury
(not fully
recovered)
BMI
Education

Unique indices created but only
overall rate reported here.

Functional
movement
screen
Slower run
time
Prior injury

Traumatic synonymous with acute.

Smoking

Analysis not well reported.

Cox regression used on long list of
explanatory variables. If p<0.1 in
univariate entered into multivariate
model.

Different risk factors for different
types of injuries.
No adjustment for smoking.

Three categories: All;
Overuse; Traumatic
Incidence not reported.
Munnoch
and Bridger
(2007)

UK

O’Connor et
al (2011)

US
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Royal
Marines
recruits in
2001-2002
n=1115

Prospective
cohort study

Male officer
recruits in
2009
n=874

Prospective
cohort study

Lack of data on how
injuries were
reported/measured.

Incidence=16%

“An injury case was a
subject who sustained
physical damage to the
body secondary to
physical training and
sought medical care one
or more times during the
study period”.

Incidence: long cycle (68
days) = 35%; short cycle
(38 days) = 28%

Logistic regression used but no
detail on adjustment.

Incidence rate: long cycle =
6.2/1000 person-days
short cycle=7.9/1000
person-days.

Functional
movement
screen

Chi-square used to examine
associations, no multivariable
analyses

Rosendal et
al (2003)

Denmark

Male military
conscripts
n=349

Prospective
cohort study.

Recruits who sought
medical treatment. Injury
only recorded if it
resulted in 1 or more
days of limited duty.

Incidence=28%

Slower run
time

Overuse=65%
Acute=35%

Weak analysis to identify risk factors
– no adjustment for confounding
factors.
Interesting discussion on creating
algorithms for predicting injury risk.

Acute/overuse
Incidence and persontime incidence rate
Sharma et al
(2010)

UK

Male Army
infantry
recruits in

Prospective
cohort study.

Injuries reported to
medical centre.

Incidence of MTSS=7.9%

Focus on medial tibial
stress syndrome (MTSS)

Slower run
time
Functional
movement
Smoking

Only 36 cases in MTSS group.
Small sample size in some groups of
explanatory variables.
Multiple hierarchical regression usd.

Incidence
Taanila et al
(2011)

Finland

Male
conscripts in
2006-2008
n=1513

Prospective
cohort study
with baseline
questionnaire

Injury defined as an
event that resulted in
physical damage to the
body and for which the
conscript sought
medical care.

Incidence= 33% (6-month
service)

Acute/overuse

Low back pain=20%; lower
limb overuse injuries
=16%; sprains or strains=
13%.

Incidence and persontime incidence rate

n/a

Injuries peaked in summer.

Incidence rate=3.3 per
1000 person-days.

Acute=34%
Overuse=66%
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Trone et al
(2014)

US

Male Marine
Corps in
2007 n=900

Prospective
cohort study
with baseline
questionnaire

Outpatient appointments
occurring within military
treatment facilities as well
as civilian facilities (paid
for by military).
Person-time incidence
rate.
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Incidence rate=5.0 per
1000 person-days.

No
participation in
high school
sports.
Slower run
time

Unique indices created.
Only overuse injuries.
Fairly small sample size so CIs are
wide
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Appendix E
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Military Pre-training Questionnaire (MPQ)
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Appendix F Procedure for MPQ administration and
verbal briefing script

Risk factors for injury during British Army Infantry recruit training.
Procedure for questionnaire administration.
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1.

Questionnaires, consent forms and pens administered to recruits during
Intro to Gym.

2.

Oral briefing provided to recruits by PTI staff (see script).

3.

Consent forms completed and signed by willing volunteers.

4.

Consent forms of willing volunteers signed by another recruits (witness).

4.

Questionnaires completed by willing volunteers.

5.

Consent forms and questionnaires collected and stored in a secure
location.

Risk factors for injury during British Army Infantry
recruit training
Script for verbal briefing to recruits.
Training injuries are a major problem in the British Army and can result in a high
personal cost to you as well as a high financial cost to the British Army. The Army
Recruiting and Training Division (ARTD) have approved a study by the University of
Bath to look at factors which might affect the number of injuries during initial training. It
is hoped that the results of the study will help to improve the effectiveness of training,
reduce the number of injuries that occur during training, and increase the numbers of
recruits who pass out of training first time
If you decide to take part you will be asked to fill in a questionnaire about your daily
lifestyle habits. It takes about 10 minutes to complete and includes questions on
smoking, diet, alcohol intake, past injuries and physical activity. You will be asked to
answer all of the questions as honestly as possible. Before you leave Army training,
you will also be asked to complete a short questionnaire on exit. At the end of
training, research staff will obtain some personal information about you from the Army
databases. They will get information about your age, height, weight, body fat
percentage, race, performance on physical fitness tests and declared smoking status.
Any information obtained during this trial will remain confidential and it will not be
possible for Army staff to identify your results. Your participation is completely
voluntary. You may decide that you do not wish to take part now. If you decide to take
part you can change your mind at any time and pull out the study without giving a
reason. Your participation in this study will not affect your Army career in any way; it is
not part of your course or assessment.
If you are willing to take part please read and sign the consent form. It’s necessary
that the consent form is signed by a witness so please make sure you swap your form
with the person next to you and sign each other’s. There’s also a participant
information sheet available which contains all the information relating to the study and
is yours to keep. If you would like a copy please let us know before leaving.
Notes on questionnaire completion:
1. Ensure service number is inserted on the title page and security flap folded as
indicated.
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Appendix G

Participant information sheet and
consent form

Project title
Risk factors for injury during British Army Infantry recruit training.

Invitation to participate
We would like to invite you to take part in this research project being carried out
by Dr Keith Stokes and the University of Bath. You should only take part if you
want to. Choosing not to take part will not affect you in any way. Before you
decide if you want to take part it is important that you understand why the
research is being done and what taking part will involve. Please take time to read
the following information carefully. You should discuss it with others if you wish.
Please ask us if there is anything that is not clear or if you would like more
information.

Background to project
Training injuries are a major problem in the British Army and can result in a high
personal cost to you as well as a high financial cost to the British Army. The Army
Recruiting and Training Division (ARTD) have approved a study to look at factors
which might affect the number of injuries during initial training. This study is part of
ARTD’s and ITC(C)’s strategy to improve the effectiveness of training, to reduce
the number of injuries that occur during training, and to increase the numbers of
recruits who pass out of training first time. This study is supported by the Infantry
Training Centre Catterick (ITC(C)).

Procedures and requirements
Questionnaires: You will be asked to fill in a questionnaire which will ask you
about your daily lifestyle habits. This includes questions on smoking, diet, alcohol
intake and physical activity. A second questionnaire will ask you about how you
have generally been feeling. You will be asked to answer all of the questions as
honestly as possible. If you are discharged before the end of training you will be
asked to complete a short questionnaire on exit.
Injury and illness during training: You should report your injuries and illnesses
to medical staff as normal. At the end of training, we will record all incidents of
injury and illness that you report to a medical instructor during training. We will
also be tracking whether you pass out of training first time or whether you get
back-squadded or discharged.
Personal information: At the end of training we will obtain some personal
information about you from the Army databases. This will include: age, height,
weight, body fat percentage, race, performance on physical fitness tests and
declared smoking status.
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What are the benefits of taking part?
You will form a crucial part in this study which may affect recruiting and training
policy and practice for future recruits of the British Army.

What are the risks of taking part?
There are no known risks associated with this project.

What will happen to the results of the study?
Any information obtained during this trial will remain confidential. We will combine
your results with many other recruits. It will not be possible for Army staff to
identify your results. You may ask us for copies of all papers, reports, summaries
and other published or presented material. All information will be subject to the
current conditions of the Data Protection Act 1998. You have right of access to
your records at any time.

Do I have to take part?
Your participation in this study is completely voluntary. You may decide that you
do not wish to take part now. If you decide to take part you can change your mind
at any time and pull out the study without giving a reason. Your participation in
this study will not affect your career in any way. It is not part of your course or
assessment. If you ever require any further explanation please ask.

Who has reviewed this project?
This study has been approved by the Ministry of Defence Research Ethics
Committee. Ask a project investigator if you would like further details of the
approval or to see a copy of the full study details.

Many thanks for considering to take part in this study
If you have any further queries please do not hesitate to contact us. If you agree
to take part in this study then you will be given a copy of this sheet and a signed
consent form to keep.

Name and contact details of Principal Investigator:
Dr Keith Stokes
Lecturer in Human and Exercise Physiology
Sport and Exercise Science
University of Bath
BATH
BA2 7AY
Office:
Mobile:
Email:

01225 384190
07803 904438
k.stokes@bath.ac.uk
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CONSENT FORM
Project title
Risk factors for injury during British Army Infantry recruit training.

Ministry of Defence Research Ethics Committee Reference
0805/160

Please read the following carefully and circle either ‘yes’ or
‘no’:
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The nature, aims and risks of the research have been
explained to me.

Yes / No



I have read and understood the Participant Information Sheet.

Yes / No



I understand what is expected of me.

Yes / No



I understand that I can withdraw from the study at any time without
giving a reason.
Yes / No



I understand that if I do withdraw it will not affect my Army career
in any way.
Yes / No



I understand that participating in this study is not part of my Army
training course or assessment.
Yes / No



I consent to the processing of my personal information for the
purposes of this research study.

Yes / No



I understand that my information will be treated as strictly confidential
in accordance with the Data Protection Act 1998.
Yes / No



I understand that Army staff will not have access to my results.



I am aware that my consent is specific to this study and this study
only.
Yes / No



I agree to volunteer as a subject for the study described in the information
sheet and I give full consent to my participation in this study.
Yes / No

Yes / No

Participant’s Statement:
I (insert name)
agree that the research project named above has been explained to me to my
satisfaction and I agree to take part in the study. I have read both the notes
written above and the Participant Information Sheet about the project and
understand what the research study involves.
Signed

Date

Witness Name
Signature
Investigator’s Statement:
I (insert name)
confirm that I have carefully explained the nature, demands and any foreseeable
risks (where applicable) of the proposed research to the Participant.
Signed
Date
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Appendix H

Data anonymisation protocol

During regular visits,
service personnel
number from
questionnaires
transferred to
encrypted and
password-protected
file on MoD computer

Completed questionnaires,
with service personnel
number covered by
protective security strip,
stored securely by Senior
Medical Officer at ITC(C).

‘UNIQUE ID FILE’

‘LINKING FILE’

MoD

SERVICE
NUMBER

UNIQUE
ID

29463878
59486321
54896587
12545256
18456795

5G89S
7Q19U
8B24A
9G44W
9D25S

Also during regular
visits, questionnaire
responses and unique
subject code
transferred to
encrypted and
password-protected
file on project staff
computer.

BATH
QUESTIONNAIRE
RESPONSES

UNIQUE
ID

5G89S
7Q19U
8B24A
9G44W
9D25S

Q1
1
5
2
2
4

Q2
2
1
3
2
3

Q3
1
3
2
1
1

Q4
4
5
1
2
0

Q5 Q6 Q7
5 3 2
1
2 3
0 4 5
5 3 1
3 1 0

Questionnaires
shredded
immediately
after transfer of
responses.

‘UNIQUE ID FILE’

‘LINKING FILE’
SERVICE
NUMBER

UNIQUE
ID

29463878
59486321
54896587
12545256
18456795

5G89S
7Q19U
8B24A
9G44W
9D25S

PERMANENTLY
DELETED FROM
MoD COMPUTER
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ARMY
DATABASES

UNIQUE INJURY
ID

EXIT STATUS etc

5G89S Left Calf
7Q19U Foot break
8B24A
None
None
9G44W
9D25S Hamstring

At the completion of the study, service number will be used
to record information contained in the Army databases
regarding injuries, exit status etc which will be transferred
into the ‘Unique ID file’. After this the electronic ‘linking
file’ will be permanently deleted

Pass
MD
DAOR
SNLR
BS

Appendix I

Missing data analyses

This appendix presents full results from the missing data analyses performed to check
for systematic differences in missing data.

Table I1 shows non-response for each item in the Military Pre-training Questionnaire
(MPQ). The mean item non-response was 2.2%. Two MPQ items had a non-response
of >5% (n > 98), with the maximum being 7.5% (n = 147) for the final REAP item (the
other item was also in the REAP).

Item non-response was consistently highest among recruits from the most income
deprived areas and in the youngest age group (aged 17 years) (Tables I2-I6).
Nonetheless, as this pattern was consistent across MPQ topics, it suggests that item
non-response was not due to the sensitivity of particular questions.

Recruits with missing data on sociodemographic characteristics (age, ethnicity,
nationality and income deprivation quintile) were more likely than recruits with complete
data to report being more active than others and to perform better on the Physical
Performance Tess (PFT) (Tables I7-I8). There was no evidence to suggest that the two
groups differed in terms of other lifestyle behaviours or injury incidence.
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Table I1

Non-response of MPQ items.

Item

Response options

Completed (N )

Missing (N )

Missing (%)

Much less / slightly less / about the same /
slightly more / much more

1927

33

1.7

Hard, tiring exercise (heart beats rapidly and get out of breath quickly)

number of times a week

1888

72

3.7

Moderate exercise (fairly tiring but not exhausting)

number of times a week

1888

72

3.7

Mild exercise (small amount of effort)

number of times a week

1887

73

3.7

In a typical week before joining the Army, how often during your spare
time did you do any activity long enough to work up a sweat?

Never or rarely / sometimes / often

1910

50

2.6

What type of exercise did you do the most before joining the Army?

List of types of exercise

1927

33

1.7

In the 6 months before joining the Army how often did you complete a
continuous run (steady pace)?

Never / less than once a month / 1-3 times a
month / 1-2 times a week / 2-4 times a week /
5 or more times a week

1933

27

1.4

In the 6 months before joining the Army how much did you change
the amount of exercise you did compared to the 6 months before
that?

Increased a lot / increased / did not change /
decreased / decreased a lot

1928

32

1.6

Have you ever broken or fractured a bone?

Yes / No

1934

26

1.3

Have you ever had a lower leg stress fracture?

Yes / No / Don't Know

1930

30

1.5

Have you ever suffered from shin pain?
In the past year have suffered from any type of injury that meant you
couldn't take part in exercise or sport for longer than a week?

Yes / No
Yes / No

1930

30

1.5

1929

31

1.6

Skip breakfast?

Usually or often / sometimes / rarely or never

1909

51

2.6

Eat 4 or more meals from sit-down or take-out restaurants?

Usually or often / sometimes / rarely or never

1850

110

5.6

Eat more than 3 servings of whole grain products a day?

Usually or often / sometimes / rarely or never

1922

38

1.9

Eat more than 2-3 servings of fruit a day?

Usually or often / sometimes / rarely or never

1920

40

2.0

Eat more than 3-4 servings of vegetables/potatoes a day?

Usually or often / sometimes / rarely or never

1900

60

3.1

Eat or drink more than 2-3 servings of milk, yogurt or cheese a day?

Usually or often / sometimes / rarely or never

1931

29

1.5

Use semi-skimmed or whole milk instead of skimmed (no fat) milk?

Usually or often / sometimes / rarely or never

1923

37

1.9

Use regular cheese instead of low fat cheeses as a snack, on
sandwiches, pizza etc.?

Usually or often / sometimes / rarely or never

1892

68

3.5

Eat beef, pork, or dark meat chicken (leg and thigh)?

Usually or often / sometimes / rarely or never

1918

42

2.1

Eat more than 170 g of meat, chicken, turkey or fish a day?
Choose higher fat red meats like prime rib, T-bone steak, hamburger
etc instead of lean red meats?

Usually or often / sometimes / rarely or never

1925

35

1.8

Usually or often / sometimes / rarely or never

1919

41

2.1

Eat the skin on chicken and turkey or the fat on meat?

Usually or often / sometimes / rarely or never

1914

46

2.3

Use regular processed meats instead of low fat processed meats?

Usually or often / sometimes / rarely or never

1906

54

2.8

Eat fried foods such as fried chicken, fried fish, French fries or chips?
Eat regular crisps and crackers instead of low-fat crisps and
crackers?
Use regular salad dressing & mayonnaise instead of low-fat or fatfree salad dressing and mayonnaise?
Add butter, margarine or oil to bread, potatoes, rice or vegetables at
the table?
Cook with oil, butter or margarine instead of using non-stick sprays
or cooking without fat?

Usually or often / sometimes / rarely or never

1932

28

1.4

Usually or often / sometimes / rarely or never

1931

29

1.5

Usually or often / sometimes / rarely or never

1924

36

1.8

Usually or often / sometimes / rarely or never

1893

67

3.4

Usually or often / sometimes / rarely or never

1883

77

3.9

Eat regular sweets instead of low-fat or fat-free sweets?

Usually or often / sometimes / rarely or never

1920

40

2.0

Eat regular ice cream instead of low-fat or fat-free ice-cream?
Eat sweets like cakes, cookies, pastries, doughnuts, muffins,
chocolate and jelly sweets more than 2 times a day?

Usually or often / sometimes / rarely or never

1915

45

2.3

Usually or often / sometimes / rarely or never

1874

86

4.4

Drink 500 mL or more of non-diet fizzy drinks a day?
Eat high salt processed foods like canned soup or pasta,
frozen/packaged meals, chips?

Usually or often / sometimes / rarely or never

1925

35

1.8

Usually or often / sometimes / rarely or never

1909

51

2.6

Add salt to foods during cooking or at the table?

Usually or often / sometimes / rarely or never

1813

147

7.5

Do you regularly take any of the following supplements?:

Yes/No

1907

53

2.7

Physical Activity
Before joining the Army, how active do you think you were compared
with other the same age as you?
In a typical week before joining the Army, how many times did you do
the following kinds of exercise for more than 15 minutes during your
spare time?

Injury History

Diet
In an average week, how often do you:
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Table I2

Non-response of MPQ items (continued).

Item

Response options

Completed (N )

Missing (N )

Missing (%)

Alcohol
How often did you have a drink containing alcohol in the past year?

Never / monthly / 2-4 times a month / 2-3
times a week / 4 or more times a week

1923

37

1.9

How many drinks did you have on a typical day/night when you were
drinking in the past year?

0 / 1-2 / 3-4 / 5-6 / 7-9 / 10 or more

1918

42

2.1

How often do you have six or more drinks on one occasion?

Never / less than monthly / monthly / weekly /
more than once a week

1915

45

2.3

Yes / No

1944

16

0.8

1387

34

2.4

1409

12

0.8

933

18

1.9

Smoking
Have you ever smoked a cigarette (including roll-ups)?
How old were you when you first tried smoking a cigarette (including
roll-ups) even if it was only a puff or two?
Do you smoke cigarettes at all now?

Yes / No

Please rate your addiction to cigarettes on a scale of 0 (not addicted)
to100 (very addicted)
How many cigarettes do you usually smoke a day?

949

2

0.2

How soon after waking do you usually smoke your first cigarette or
roll-up?

Within first 5 minutes / 5-15 min / 15-30 min /
30 min-1 hour / 1 hour or more

950

1

0.1

For you, quitting smoking would be.....?

very easy / fairly easy / fairly difficult / very
difficult / impossible

949

2

0.2

How much do you agree with this statement: 'After a few hours
without smoking I have a strong urge to have a cigarette'?

Totally disagree / fairly disagree / don't agree
or disagree / fairly agree / fully agree

946

5

0.5

Mean
Maximum

Table I3

2.2
7.5

Non-response of key MPQ items, by income deprivation quintile.
Income deprivation quintile
1
(Most deprived)

2

3

4

5
(Least deprived)

Completed (%)

32

26

19

12

10

Missing (%)

53

28

3

6

9

Completed (%)

32

26

20

12

10

Missing (%)

51

28

7

7

7

Completed (%)

32

26

19

12

10

Missing (%)

64

18

5

0

14

Completed (%)

32

26

19

13

10

Missing (%)

47

28

14

2

9

Completed (%)

34

26

19

11

10

Missing (%)

27

27

18

16

11

Completed (%)

32

26

19

12

10

Missing (%)

58

16

3

10

13

Item
SPAQ

LTEQ

REAP

AUDIT-C

Smoking status

Past injury
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Table I4

Non-response of key MPQ items, by nationality.
Nationality

Item

British

Other

93

7

100

0

Completed (%)

94

94

Missing (%)

6

6

SPAQ
Completed (%)
Missing (%)
LTEQ

REAP
Completed (%)

94

6

100

0

Completed (%)

94

6

Missing (%)

91

9

Completed (%)

94

6

Missing (%)

93

7

94

6

100

0

Missing (%)
AUDIT-C

Smoking status

Past injury
Completed (%)
Missing (%)

Table I5

Non-response of key MPQ items, by ethnicity.
Ethnicity

Item

White

Other

Completed (%)

93

7

Missing (%)

97

3

Completed (%)

93

7

Missing (%)

88

12

Completed (%)

93

7

Missing (%)

95

5

Completed (%)

93

7

Missing (%)

86

14

Completed (%)

93

7

Missing (%)

91

9

Completed (%)

93

7

Missing (%)

97

3

SPAQ

LTEQ

REAP

AUDIT-C

Smoking status

Past injury
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Table I6

Non-response of key MPQ items, by age group.
Age group

Item

17

18-19

20-21

22+

Completed (%)

18

32

24

26

Missing (%)

31

22

16

31

Completed (%)

18

31

24

27

Missing (%)

31

36

20

25

Completed (%)

18

32

24

26

Missing (%)

32

18

18

32

Completed (%)

18

32

23

26

Missing (%)

32

16

27

25

Completed (%)

18

31

24

27

Missing (%)

22

38

20

20

Completed (%)

18

32

24

26

Missing (%)

32

29

13

26

SPAQ

LTEQ

REAP

AUDIT-C

Smoking status

Past injury

Table I7

Comparison of results on key MPQ items between respondents with and
without missing sociodemographic data
a

Age group
Item

Income deprivation

Completed

Missing

Completed

Missing

SPAQ (%)
Less active

23

23

23

24

Same

33

24

33

23

45

53

44

54

LTEQ (mean)

More active

53.9

50.7

53.8

51.8

REAP (mean)

1.93

1.92

1.93

1.94

AUDIT-C (mean)

6.89

6.98

6.90

6.88

Non-smoker

26

26

26

27

Current smoker

74

74

74

73

Smoking status

a

Recruits with missing data on age also had missing data on ethnicity and nationality so the results were
identical and are not presented here.
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Table I8

Comparison of PFT scores and injury incidence between respondents with and
without missing sociodemographic data
Age groupa

Item

Income deprivation

Completed

Missing

Completed

Missing

2.4km run time (s)

619

592

620

599

Number of press ups

46
55

51
60

46
55

50
58

63

60

63

61

Week 1 PFT scores

Number of sit ups
Injury incidence
Sustaned training injury (%)
a

Recruits with missing data on age also had missing data on ethnicity and nationality so the results were
identical and are not presented here.
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Appendix J

Table J1

Full results from Chapter 5 including
sensitivity analyses

Results from unadjusted linear regression models examining the association
between self-reported physical activity (SPAQ) and 2.4 km run time (s) during
(test of criterion validity) and throughout (test of predictive validity) training.

2.4 km run time

Week 1

Week 14

Week 24

SPAQ category

 (95% CI)

 (95% CI)

 (95% CI)

Much more active

Ref

Ref

Ref

More active

12.1 (4.0 to 20.3)

7.4 (-0.5 to 15.2)

2.1 (-5.2 to 9.4)

About the same

33.5 (25.3 to 41.7)

a

15.5 (7.5 to 23.6)

Less active

51.6 (42.5 to 60.6)

a

33.5 (24.8 to 42.2)

a

23.2 (15.0 to 31.4)

Much less active

51.8 (37.9 to 65.7)

a

29.9 (16.8 to 43.0)

a

17.0 (4.8 to 29.1)

b

a

a

12.2 (4.8 to 19.5)

b

b

a

b

c

Notes: SPAQ, Single-item Physical Activity Question. p < 0.001, p < 0.01, p < 0.05.

Table J2

Results from unadjusted linear regression models examining the association
between self-reported physical activity (SPAQ) and number of press-ups during
(test of criterion validity) and throughout (test of predictive validity) training.

Press-ups

Week 1

Week 14

Week 24

SPAQ category

 (95% CI)

 (95% CI)

 (95% CI)

Much more active

Ref

Ref

Ref

More active

-3.0 (-5.3 to -0.8)

About the same

-8.7 (-11.0 to -6.4)

Less active

-9.7 (-16.1 to -8.3)

Much less active

-12.2 (-16.1 to -8.3)

b

-4.5 (-6.8 to -2.2)

a

-3.7 (-6.1 to -1.3)

b

a

-7.5 (-9.8 to -5.1)

a

-7.2 (-9.6 to -4.8)

a

a

-10.3 (-12.8 to -7.7)

a

-9.2 (-12.0 to -6.5)

a

-10.9 (-14.7 to -7.1)

a

-9.4 (-13.5 to -5.4)

a

a

a

b

c

Notes: SPAQ, Single-item Physical Activity Question. p < 0.001, p < 0.01, p < 0.05.
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Table J3

Results from unadjusted linear regression models examining the association
between self-reported physical activity (SPAQ) and number of sit-ups during
(test of criterion validity) and throughout (test of predictive validity) training.

Sit-ups

Week 1

Week 14

Week 24

SPAQ category

 (95% CI)

 (95% CI)

 (95% CI)

Much more active

Ref

Ref

Ref

More active

-3.8 (-5.7 to -1.8)

a

-2.7 (-4.6 to -0.8)

b

-2.7 (-4.8 to -1.4)

b

About the same

-6.1 (-8.1 to -4.2)

a

-3.3 (-5.3 to -1.4)

b

-3.6 (-5.8 to -1.5)

b

Less active

-7.8 (-10.0 to -5.6)

a

-4.9 (-7.0 to -2.7)

a

-5.0 (-7.4 to -2.6)

a

Much less active

-9.6 (-12.9 to -6.2)

a

-5.3 (-8.5 to -2.1)

b

-5.0 (-8.6 to -1.4)

b

a

b

c

Notes: SPAQ, Single-item Physical Activity Question. p < 0.001, p < 0.01, p < 0.05.

Table J4

Results from unadjusted linear regression models examining the association
between self-reported physical activity (SPAQ) and number of sit-ups during
(test of criterion validity) and throughout (test of predictive validity) training.

Sit-ups

LTEQ

Discharge

SPAQ category

 (95% CI)

OR (95% CI)

Much more active

Ref

Ref

More active

1.4 (-3.3 to 6.0)

1.3 (0.9 to 1.8)

About the same

-9.3 (-14.0 to -4.7)

Less active

-13.1 (-18.3 to -7.9)

a

1.8 (1.2 to 2.7)

b

Much less active

-16.9 (-24.3 to -9.5)

a

2.2 (1.3 to 3.8)

b

a

1.4 (1.0 to 2.1)

a

b

c

Notes: SPAQ, Single-item Physical Activity Question. p < 0.001, p < 0.01, p < 0.05.
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Table J5

Results from unadjusted linear regression models examining the association
between self-reported physical activity (LTEQ) and 2.4 km run time, number of
press-ups and number of sit-ups during week one of training.
2.4 km run time (s)

Press-ups

Sit-ups

LTEQ quintile

 (95% CI)

 (95% CI)

 (95% CI)

1 (Lowest)

Ref

Ref

Ref

2

0.8 (-7.6 to 9.2)

1.2 (-1.1 to 3.5)

1.0 (-1.0 to 3.0)

3

-9.6 (-18.0 to -1.2)

c

0.9 (-1.5 to 3.2)

2.1 (0.1 to 4.1)

c

4

-8.8 (-17.3 to -0.3)

c

1.4 (-0.9 to 3.8)

2.4 (0.4 to 4.4)

c

5 (Highest)

-17.6 (-26.1 to -9.2)

0.6 (-1.8 to 2.9)

2.0 (0.0 to 4.0)

c

a

a

b

c

Notes: LTEQ, Leisure Time Exercise Questionnaire. p < 0.001, p < 0.01, p < 0.05.
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Table J6a

Results from Analysis of Covariance used to test for differences in 2.4 km run
time during week one of training between SPAQ categories in infantry recruits.
Degrees
of
Freedom

Mean
Square

F

p

Partial Eta
Squared
2
(ήp )

SPAQ

4

98154

46.9

<0.001

0.128

Income deprivation
quintile

4

2892

1.4

0.24

0.004

Ethnicity

1

2468

1.2

0.28

0.001

Smoking status

2

4354

2.1

0.13

0.003

Age

1

13011

6.2

0.013

0.005

Body mass index

1

224654

107.4

<0.001

0.078

Alcohol
consumption
(AUDIT-C score)
Diet
(REAP score)

1

1457

0.7

0.40

0.001

1

329

0.2

0.69

<0.001

Corrected Model

15

43424

20.8

<0.001

1

2342494

1119.8

<0.001

Error

1274

2092

Total

1290

Corrected Total

1289

Source

Intercept

Note: SPAQ, Single-item Physical Activity Questionnaire

Table J6b

Adjusted mean difference (95% confidence intervals) between SPAQ categories
in 2.4 km run time (s) during week one of training: results from Analysis of
Covariance post-hoc pairwise comparisons.
Much less
active

Much less
active

Less
active

About the
same

More
active

Much more
active

5.2
(-14.5 to 24.8)

21.6
(2.7 to 40.5)c

42.9
(24.1 to 61.7)a

57.5
(36.8 to 78.2)a

16.4
(5.9 to 26.9)a

37.7
(27.2 to 48.3)a

52.4
(38.8 to 65.9)a

21.3
(12.4 to 30.2)a

35.9
(23.6 to 48.2)a

Less
active

-5.2
(-24.8 to 14.5)

About the
same

-21.6
(-40.5 to -2.7)c

-16.4
(-26.9 to -5.9)a

More
active

-42.9
(-61.8 to -24.1)a

-37.7
(-48.3 to -27.2)a

-21.3
(-30.2 to -12.4)a

Much more
active

-57.5
(-78.2 to -36.8)a

-52.4
(-65.9 to -38.8)a

-35.9
(-48.2 to -23.6)a

14.6
(2.4 to 26.8)b
-14.6
(-26.8 to -2.4)b

Notes: SPAQ, Single-item Physical Activity Questionnaire. Means adjusted for income deprivation quintile,
ethnicity, smoking status, age, body mass index, alcohol consumption and smoking status.
a
b
c
p < 0.001, p < 0.01, p < 0.05.
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Table J7a

Results from Analysis of Covariance used to test for differences in 2.4 km run
time during week 14 of training between SPAQ categories in infantry recruits.
Degrees
of
Freedom

Mean
Square

F

p

Partial Eta
Squared
2
(ήp )

SPAQ

4

27159

19.3

<0.001

0.081

Income deprivation
quintile

4

1968

1.4

0.23

0.006

Ethnicity

1

432

0.3

0.58

<0.001

Smoking status

2

5837

4.1

0.02

0.009

Age

1

2748

2.0

0.16

0.002

Body mass index

1

74177

52.7

0.00

0.056

Alcohol
consumption
(AUDIT-C score)
Diet
(REAP score)

1

1167

0.8

0.36

0.001

1

3655

2.6

0.11

0.003

Corrected Model

15

13734

9.7

<0.001

0.143

1

1376252

977.0

<0.001

0.526

Error

880

1409

Total

896

Corrected Total

895

Source

Intercept

Note: SPAQ, Single-item Physical Activity Questionnaire

Table J7b

Adjusted mean difference (95% confidence intervals) between SPAQ categories
in 2.4 km run time (s) during week 14 of training: results from Analysis of
Covariance post-hoc pairwise comparisons.
Much less
active

Much less
active

Less
active

About the
same

More
active

Much more
active

5.3
(-14.7 to 25.3)

22.3
(2.9 to 41.7)c

30.3
(11 to 49.6)a

39.0
(17.8 to 60.1)a

17.0
(6.6 to 27.4)a

25.0
(14.8 to 35.3)a

33.7
(20.4 to 47)a

8.0
(-0.8 to 16.9)

16.7
(4.4 to 28.9)b

Less
active

-5.3
(-25.3 to 14.7)

About the
same

-22.3
(-41.7 to -2.9)c

-17.0
(-27.4 to -6.6)a

More
active

-30.3
(-49.6 to -11)a

-25.0
(-35.3 to -14.8)a

-8.0
(-16.9 to 0.8)a

-39.0
(-60.1 to -17.8)a

-33.7
(-47 to -20.4)a

-16.7
(-28.9 to -4.4)b

Much more
active

8.6
(-3.3 to 20.6)
-8.6
(-20.6 to 3.3)

Notes: SPAQ, Single-item Physical Activity Questionnaire. Means adjusted for income deprivation quintile,
ethnicity, smoking status, age, body mass index, alcohol consumption and smoking status.
a
b
c
p < 0.001, p < 0.01, p < 0.05.
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Table J8a

Results from Analysis of Covariance used to test for differences in 2.4 km run
time during week 24 of training between SPAQ categories in infantry recruits.
Degrees
of
Freedom

Mean
Square

F

p

Partial Eta
Squared
2
(ήp )

SPAQ

4

13883

13.5

<0.001

0.065

Income deprivation
quintile

4

1664

1.6

0.167

0.008

Ethnicity

1

4896

4.8

0.029

0.006

Smoking status

2

1743

1.7

0.184

0.004

Age

1

2491

2.4

0.120

0.003

Body mass index

1

41434

40.3

<0.001

0.050

Alcohol
consumption
(AUDIT-C score)
Diet
(REAP score)

1

547

0.5

0.466

0.001

1

3599

3.5

0.062

0.005

Corrected Model

15

8128

7.9

<0.001

0.133

1

1232703

1199.9

<0.001

0.608

Error

772

1027

Total

788

Corrected Total

787

Source

Intercept

Note: SPAQ, Single-item Physical Activity Questionnaire

Table J8b

Adjusted mean difference (95% confidence intervals) between SPAQ categories
in 2.4 km run time (s) during week 24 of training: results from ANCOVA posthoc pairwise comparisons.
Much less
active

Much less
active

Less
active

About the
same

More
active

Much more
active

-0.2
(-18.6 to 18.2)

10.4
(-7.2 to 27.9)

20.9
(3.3 to 38.5)b

23.9
(4.5 to 43.3)b

10.5
(0.9 to 20.1)c

21.1
(11.5 to 30.7)a

24.0
(11.5 to 36.6)a

10.6
(2.7 to 18.5)b

13.5
(2.2 to 24.8)b

Less
active

0.2
(-18.2 to 18.6)

About the
same

-10.4
(-27.9 to 7.2)

-10.5
(-20.1 to -0.9)c

More
active

-20.9
(-38.5 to -3.3)b

-21.9
(-30.7 to -11.5)a

-10.6
(-18.5 to -2.7)b

Much more
active

-23.9
(-43.3 to -4.5)b

-24.0
(-36.6 to -11.5)a

-13.5
(-24.8 to -2.2)b

3.0
(-8.2 to 14.1)
-3.0
(-14.1 to 8.2)

Notes: SPAQ, Single-item Physical Activity Questionnaire. Means adjusted for income deprivation quintile,
ethnicity, smoking status, age, body mass index, alcohol consumption and smoking status.
a
b
c
p < 0.001, p < 0.01, p < 0.05.
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Table J9a

Results from Analysis of Covariance used to test for differences in press-ups
score during week one of training between SPAQ categories in infantry recruits.
Degrees
of
Freedom

Mean
Square

F

p

Partial Eta
Squared
2
(ήp )

SPAQ

4

3707

21.3

<0.001

0.062

Income deprivation
quintile

4

337

1.9

0.102

0.006

Ethnicity

1

5

0.0

0.870

<0.001

Smoking status

2

830

4.8

0.009

0.007

Age

1

240

1.4

0.241

0.001

Body mass index

1

278

1.6

0.206

0.001

Alcohol
consumption
(AUDIT-C score)
Diet
(REAP score)

1

131

0.8

0.386

0.001

1

566

3.2

0.072

0.003

Corrected Model

15

1647

9.5

<0.001

0.100

1

9794

56.3

<0.001

0.042

Error

1282

174

Total

1298

Corrected Total

1297

Source

Intercept

Note: SPAQ, Single-item Physical Activity Questionnaire

Table J9b

Adjusted mean difference (95% confidence intervals) between SPAQ categories
in press-ups score during week one of training: results from ANCOVA post-hoc
pairwise comparisons.
Much less
active

Much less
active

Less
active

About the
same

More
active

Much more
active

-3.4
(-9.1 to 2.3)

-3.9
(-9.4 to 1.5)

-9.4
(-14.8 to -3.9)a

-12.0
(-17.9 to -6)a

-0.5
(-3.5 to 2.5)

-6.0
(-9 to -2.9)a

-8.6
(-12.5 to -4.7)a

-5.4
(-8 to -2.8)a

-8.0
(-11.6 to -4.5)a

Less
active

3.4
(-2.3 to 9.1)

About the
same

3.9
(-1.5 to 9.4)

0.5
(-2.5 to 3.5)

More
active

9.4
(3.9 to 14.8)a

6.0
(2.9 to 9)a

5.4
(2.8 to 8)a

12.0
(6 to 17.9)a

8.6
(4.7 to 12.5)a

8.0
(4.5 to 11.6)a

Much more
active

-2.6
(-6.1 to 0.9)
2.6
(-0.9 to 6.1)

Notes: SPAQ, Single-item Physical Activity Questionnaire. Means adjusted for income deprivation quintile,
ethnicity, smoking status, age, body mass index, alcohol consumption and smoking status.
a
b
c
p < 0.001, p < 0.01, p < 0.05.

293

Table J10a

Results from Analysis of Covariance used to test for differences in press-ups
score during week 14 of training between SPAQ categories in infantry recruits.
Degrees
of
Freedom

Mean
Square

F

p

Partial Eta
Squared
2
(ήp )

SPAQ

4

2621

19.6

<0.001

0.075

Income deprivation
quintile

4

322

2.4

0.048

0.010

Ethnicity

1

637

4.8

0.029

0.005

Smoking status

2

24

0.2

0.832

<0.001

Age

1

385

2.9

0.090

0.003

Body mass index

1

7

0.1

0.818

<0.001

Alcohol
consumption
(AUDIT-C score)
Diet
(REAP score)

1

29

0.2

0.644

<0.001

1

348

2.6

0.107

0.003

Corrected Model

15

1068

8.0

<0.001

0.111

1

12507

93.7

<0.001

0.089

Error

963

133

Total

979

Corrected Total

978

Source

Intercept

Note: SPAQ, Single-item Physical Activity Questionnaire

Table J10b

Adjusted mean difference (95% confidence intervals) between SPAQ categories
in press-ups score during week 14 of training: results from ANCOVA post-hoc
pairwise comparisons.
Much less
active

Much less
active
Less
active

Less
active

About the
same

More
active

Much more
active

-3.6
(-9.4 to 2.1)

-5.9
(-11.5 to -0.4)c

-9.3
(-14.9 to -3.8)a

-13.3
(-19.4 to -7.3)a

-2.3
(-5.4 to 0.8)

-5.7
(-8.8 to -2.6)a

-9.7
(-13.5 to -5.9)a

-3.4
(-6 to -0.8)b

-7.4
(-10.9 to -3.9)a

3.6
(-2.1 to 9.4)

About the
same

5.9
(0.4 to 11.5)c

2.3
(-0.8 to 5.4)

More
active

9.3
(3.8 to 14.9)a

5.7
(2.6 to 8.8)a

3.4
(0.8 to 6)b

Much more
active

13.3
(7.3 to 19.4)a

9.7
(5.9 to 13.5)a

7.4
(3.9 to 10.9)a

-4.0
(-7.4 to -0.6)c
4.0
(0.6 to 7.4)c

Notes: SPAQ, Single-item Physical Activity Questionnaire. Means adjusted for income deprivation quintile,
ethnicity, smoking status, age, body mass index, alcohol consumption and smoking status.
a
b
c
p < 0.001, p < 0.01, p < 0.05.
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Table J11a

Results from Analysis of Covariance used to test for differences in press-ups
score during week 24 of training between SPAQ categories in infantry recruits.
Degrees
of
Freedom

Mean
Square

F

p

Partial Eta
Squared
2
(ήp )

SPAQ

4

1806

16.4

<0.001

0.078

Income deprivation
quintile

4

104

0.9

0.440

0.005

Ethnicity

1

670

6.1

0.014

0.008

Smoking status

2

391

3.5

0.029

0.009

Age

1

475

4.3

0.038

0.006

Body mass index

1

486

4.4

0.036

0.006

Alcohol
consumption
(AUDIT-C score)
Diet
(REAP score)

1

41

0.4

0.540

<0.001

1

123

1.1

0.292

0.001

Corrected Model

15

883

8.0

<0.001

0.134

1

8388

76.1

<0.001

0.090

Error

774

110

Total

790

Corrected Total

789

Source

Intercept

Note: SPAQ, Single-item Physical Activity Questionnaire

Table J11b

Adjusted mean difference (95% confidence intervals) between SPAQ categories
in press-ups score during week 24 of training: results from ANCOVA post-hoc
pairwise comparisons.
Much less
active

Much less
active

Less
active

About the
same

More
active

Much more
active

-2.6
(-8.6 to 3.5)

-4.4
(-10.1 to 1.4)

-8.5
(-14.2 to -2.7)a

-11.4
(-17.7 to -5)a

-1.8
(-4.9 to 1.3)

-5.9
(-9.1 to -2.8)a

-8.8
(-12.9 to -4.7)a

-4.1
(-6.7 to -1.5)a

-7.0
(-10.7 to -3.3)a

Less
active

2.6
(-3.5 to 8.6)

About the
same

4.4
(-1.4 to 10.1)

1.8
(-1.3 to 4.9)

More
active

8.5
(2.7 to 14.2)a

5.9
(2.8 to 9.1)a

4.1
(1.5 to 6.7)a

11.4
(5 to 17.7)a

8.8
(4.7 to 12.9)a

7.0
(3.3 to 10.7)a

Much more
active

-2.9
(-6.6 to 0.8)
2.9
(-0.8 to 6.6)

Notes: SPAQ, Single-item Physical Activity Questionnaire. Means adjusted for income deprivation quintile,
ethnicity, smoking status, age, body mass index, alcohol consumption and smoking status.
a
b
c
p < 0.001, p < 0.01, p < 0.05.
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Table J12a

Results from Analysis of Covariance used to test for differences in press-ups
score during week 24 of training between SPAQ categories in infantry recruits.
Degrees
of
Freedom

Mean
Square

F

p

Partial Eta
Squared
2
(ήp )

SPAQ

4

1806

16.4

<0.001

0.078

Income deprivation
quintile

4

104

0.9

0.440

0.005

Ethnicity

1

670

6.1

0.014

0.008

Smoking status

2

391

3.5

0.029

0.009

Age

1

475

4.3

0.038

0.006

Body mass index

1

486

4.4

0.036

0.006

Alcohol
consumption
(AUDIT-C score)
Diet
(REAP score)

1

41

0.4

0.540

<0.001

1

123

1.1

0.292

0.001

Corrected Model

15

883

8.0

<0.001

0.134

1

8388

76.1

<0.001

0.090

Error

774

110

Total

790

Corrected Total

789

Source

Intercept

Note: SPAQ, Single-item Physical Activity Questionnaire

Table J12b

Adjusted mean difference (95% confidence intervals) between SPAQ categories
in press-ups score during week 24 of training from Analysis of Covariance:
results from ANCOVA post-hoc pairwise comparisons.
Much less
active

Much less
active

Less
active

About the
same

More
active

Much more
active

-2.6
(-8.6 to 3.5)

-4.4
(-10.1 to 1.4)

-8.5
(-14.2 to -2.7)a

-11.4
(-17.7 to -5)a

-1.8
(-4.9 to 1.3)

-5.9
(-9.1 to -2.8)a

-8.8
(-12.9 to -4.7)a

-4.1
(-6.7 to -1.5)a

-7.0
(-10.7 to -3.3)a

Less
active

2.6
(-3.5 to 8.6)

About the
same

4.4
(-1.4 to 10.1)

1.8
(-1.3 to 4.9)

More
active

8.5
(2.7 to 14.2)a

5.9
(2.8 to 9.1)a

4.1
(1.5 to 6.7)a

11.4
(5 to 17.7)a

8.8
(4.7 to 12.9)a

7.0
(3.3 to 10.7)a

Much more
active

-2.9
(-6.6 to 0.8)
2.9
(-0.8 to 6.6)

Notes: SPAQ, Single-item Physical Activity Questionnaire. Means adjusted for income deprivation quintile,
ethnicity, smoking status, age, body mass index, alcohol consumption and smoking status.
a
b
c
p < 0.001, p < 0.01, p < 0.05.

296

Table J13a

Results from Analysis of Covariance used to test for differences in sit-ups score
during week one of training between SPAQ categories in infantry recruits.
Degrees
of
Freedom

Mean
Square

F

p

Partial Eta
Squared
2
(ήp )

SPAQ

4

2129

16.0

<0.001

0.047

Income deprivation
quintile

4

45

0.3

0.854

0.001

Ethnicity

1

33

0.2

0.620

<0.001

Smoking status

2

737

5.5

0.004

0.009

Age

1

1121

8.4

0.004

0.007

Body mass index

1

62

0.5

0.497

<0.001

Alcohol
consumption
(AUDIT-C score)
Diet
(REAP score)

1

114

0.9

0.356

0.001

1

11

0.1

0.777

<0.001

Corrected Model

15

812

6.1

<0.001

0.066

1

29234

219.2

<0.001

0.146

Error

1284

133

Total

1300

Corrected Total

1299

Source

Intercept

Note: SPAQ, Single-item Physical Activity Questionnaire

Table J13b

Adjusted mean difference (95% confidence intervals) between SPAQ
categories in sit-ups score during week one of training: results from
ANCOVA post-hoc pairwise comparisons.
Much less
active

Much less
active

Less
active

About the
same

More
active

Much more
active

-2.2
(-7.1 to 2.7)

-3.9
(-8.6 to 0.8)

-6.3
(-11 to -1.6)b

-10.3
(-15.5 to -5.2)a

-1.7
(-4.3 to 1)

-4.1
(-6.7 to -1.4)a

-8.1
(-11.5 to -4.7)a

-2.4
(-4.6 to -0.2)c

-6.5
(-9.6 to -3.4)a

Less
active

2.2
(-2.7 to 7.1)

About the
same

3.9
(-0.8 to 8.6)

1.7
(-1 to 4.3)

More
active

6.3
(1.6 to 11)b

4.1
(1.4 to 6.7)a

2.4
(0.2 to 4.6)c

10.3
(5.2 to 15.5)a

8.1
(4.7 to 11.5)a

6.5
(3.4 to 9.6)a

Much more
active

-4.1
(-7.1 to -1)b
4.1
(1 to 7.1)b

Notes: SPAQ, Single-item Physical Activity Questionnaire. Means adjusted for income deprivation quintile,
ethnicity, smoking status, age, body mass index, alcohol consumption and smoking status.
a
b
c
p < 0.001, p < 0.01, p < 0.05.
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Table J14a

Results from Analysis of Covariance used to test for differences in sit-ups score
during week 14 of training between SPAQ categories in infantry recruits.
Degrees
of
Freedom

Mean
Square

F

p

Partial Eta
Squared
2
(ήp )

SPAQ

4

573

5.8

<0.001

0.023

Income deprivation
quintile

4

16

0.2

0.958

0.001

Ethnicity

1

0

0.0

0.990

<0.001

Smoking status

2

250

2.5

0.080

0.005

Age

1

3

0.0

0.869

<0.001

Body mass index

1

41

0.4

0.519

<0.001

Alcohol
consumption
(AUDIT-C score)
Diet
(REAP score)

1

595

6.0

0.014

0.006

1

15

0.2

0.695

<0.001

Corrected Model

15

231

2.3

0.003

0.035

1

22202

224.5

<0.001

0.189

Error

965

99

Total

981

Corrected Total

980

Source

Intercept

Note: SPAQ, Single-item Physical Activity Questionnaire

Table J14b

Adjusted mean difference (95% confidence intervals) between SPAQ categories
in sit-ups score during week 14 of training: results from ANCOVA post-hoc
pairwise comparisons.
Much less
active

Much less
active

Less
active

About the
same

More
active

Much more
active

-0.6
(-5.6 to 4.4)

-2.4
(-7.2 to 2.4)

-3.6
(-8.4 to 1.2)

-5.6
(-10.7 to -0.4)c

-1.8
(-4.4 to 0.8)

-3.0
(-5.6 to -0.4)c

-5.0
(-8.3 to -1.7)a

-1.2
(-3.5 to 1)

-3.12
(-6.2 to -0.2)c

Less
active

0.6
(-4.4 to 5.6)

About the
same

2.4
(-2.4 to 7.2)

1.8
(-0.8 to 4.4)

More
active

3.6
(-1.2 to 8.4)

3.0
(0.4 to 5.6)c

1.2
(-1 to 3.5)

Much more
active

5.6
(0.4 to 10.7)c

5.0
(1.7 to 8.3)a

3.2
(0.2 to 6.2)c

-2.0
(-4.9 to 1)
2.0
(-1 to 4.9)

Notes: SPAQ, Single-item Physical Activity Questionnaire. Means adjusted for income deprivation quintile,
ethnicity, smoking status, age, body mass index, alcohol consumption and smoking status.
a
b
c
p < 0.001, p < 0.01, p < 0.05.
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Table J15

Results from Analysis of Covariance used to test for differences in sit-ups score
during week 24 of training between SPAQ categories in infantry recruits.
Degrees
of
Freedom

Mean
Square

F

p

Partial Eta
Squared
2
(ήp )

SPAQ

4

442

1.1

0.354

0.006

Income deprivation
quintile

4

114

0.3

0.888

0.001

Ethnicity

1

0

0.0

0.980

<0.001

Smoking status

2

3

0.0

0.992

<0.001

Age

1

174

0.4

0.510

0.001

Body mass index

1

47

0.1

0.731

<0.001

Alcohol
consumption
(AUDIT-C score)
Diet
(REAP score)

1

21

0.1

0.820

<0.001

1

472

1.2

0.278

0.002

Corrected Model

15

201

0.5

0.941

0.010

1

21016

52.5

<0.001

0.063

Error

777

400

Total

793

Corrected Total

792

Source

Intercept

Note: SPAQ, Single-item Physical Activity Questionnaire
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Table J16a

Results from Analysis of Covariance used to test for differences in static lift
strength at selection between SPAQ categories in infantry recruits.
Degrees
of
Freedom

Mean
Square

F

p

Partial Eta
Squared
2
(ήp )

SPAQ

4

1717

5.4

<0.001

0.013

Income deprivation
quintile

4

286

0.9

0.462

0.002

Ethnicity

1

733

2.3

0.129

0.001

Smoking status

2

202

0.6

0.530

0.001

Age

1

21255

67.0

<0.001

0.040

Body mass index

1

81746

257.7

<0.001

0.139

Alcohol
consumption
(AUDIT-C score)
Diet
(REAP score)

1

239

0.8

0.386

<0.001

1

573

1.8

0.179

0.001

Corrected Model

15

9980

31.5

<0.001

0.227

1

5848

18.4

<0.001

0.011

Error

1603

317

Total

1619

Corrected Total

1618

Source

Intercept

Note: SPAQ, Single-item Physical Activity Questionnaire

Table J16b

Adjusted mean difference (95% confidence intervals) between SPAQ categories
in static lift strength (kg) at selection: results from ANCOVA post-hoc pairwise
comparisons.
Much less
active

Much less
active

Less
active

About the
same

More
active

Much more
active

2.0
(-4.5 to 8.6)

-0.3
(-6.6 to 5.9)

-1.6
(-7.8 to 4.7)

-5.6
(-12.6 to 1.3)

-2.3
(-6 to 1.3)

-3.6
(-7.3 to 0.1)

-7.7
(-12.4 to -2.9)a

-1.3
(-4.4 to 1.8)

-5.3
(-9.7 to -1)b

Less
active

-2.0
(-8.6 to 4.5)

About the
same

0.3
(-5.9 to 6.6)

2.3
(-1.3 to 6)

More
active

1.6
(-4.7 to 7.8)

3.6
(-0.1 to 7.3)

1.3
(-1.8 to 4.4)

Much more
active

5.6
(-1.3 to 12.6)

7.7
(2.9 to 12.4)a

5.3
(1 to 9.7)b

-4.0
(-8.3 to 0.2)
4.0
(-0.2 to 8.3)

Notes: SPAQ, Single-item Physical Activity Questionnaire. Means adjusted for income deprivation quintile,
ethnicity, smoking status, age, body mass index, alcohol consumption and smoking status.
a
b
c
p < 0.001, p < 0.01, p < 0.05.
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Table J17

Results from Analysis of Covariance used to test for differences in back
extension strength at selection between SPAQ categories in infantry recruits.
Degrees
of
Freedom

Mean
Square

F

p

Partial Eta
Squared
2
(ήp )

SPAQ

4

998

0.4

0.821

0.001

Income deprivation
quintile

4

2994

1.1

0.332

0.003

Ethnicity

1

2643

1.0

0.314

0.001

Smoking status

2

5251

2.0

0.134

0.003

Age

1

5776

2.2

0.137

0.001

Body mass index

1

103954

39.8

<0.001

0.024

Alcohol
consumption
(AUDIT-C score)
Diet
(REAP score)

1

3568

1.4

0.242

0.001

1

816

0.3

0.576

<0.001

Corrected Model

15

11170

4.3

<0.001

0.038

1

3

0.0

0.973

<0.001

Error

1604

2609

Total

1620

Corrected Total

1619

Source

Intercept

Note: SPAQ, Single-item Physical Activity Questionnaire
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Table J18a

Results from Analysis of Covariance used to test for differences in pull-ups
score at selection between SPAQ categories in infantry recruits.
Degrees
of
Freedom

Mean
Square

F

p

Partial Eta
Squared
2
(ήp )

SPAQ

4

226

16.7

<0.001

0.041

Income deprivation
quintile

4

22

1.6

0.166

0.004

Ethnicity

1

24

1.7

0.187

0.001

Smoking status

2

48

3.6

0.028

0.005

Age

1

114

8.4

0.004

0.005

Body mass index

1

1485

109.7

<0.001

0.066

Alcohol
consumption
(AUDIT-C score)
Diet
(REAP score)

1

38

2.8

0.093

0.002

1

47

3.5

0.063

0.002

Corrected Model

15

190

14.0

<0.001

0.118

1

1946

143.7

<0.001

0.084

Error

1564

14

Total

1580

Corrected Total

1579

Source

Intercept

Note: SPAQ, Single-item Physical Activity Questionnaire

Table J18b

Adjusted mean difference (95% confidence intervals) between SPAQ categories
in pull-ups score at selection: results from ANCOVA post-hoc pairwise
comparisons.
Much less
active

Much less
active

Less
active

About the
same

More
active

Much more
active

-0.2
(-1.6 to 1.2)

-0.1
(-1.5 to 1.2)

-1.3
(-2.6 to 0)c

-2.3
(-3.8 to -0.9)a

0.0
(-0.7 to 0.8)

-1.1
(-1.9 to -0.4)a

-2.1
(-3.1 to -1.1)a

-1.2
(-1.8 to -0.5)a

-2.2
(-3.1 to -1.3)a

Less
active

0.2
(-1.2 to 1.6)

About the
same

0.1
(-1.2 to 1.5)

0.0
(-0.8 to 0.7)

1.3
(0 to 2.6)c

1.1
(0.4 to 1.9)a

1.2
(0.5 to 1.8)a

2.3
(0.9 to 3.8)a

2.1
(1.1 to 3.1)a

2.2
(1.3 to 3.1)a

More
active
Much more
active

-1.0
(-1.9 to -0.1)c
1.0
(0.1 to 1.9)c

Notes: SPAQ, Single-item Physical Activity Questionnaire. Means adjusted for income deprivation quintile,
ethnicity, smoking status, age, body mass index, alcohol consumption and smoking status.
a
b
c
p < 0.001, p < 0.01, p < 0.05.
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Table J19a

Results from Analysis of Covariance used to test for differences in LTEQ score
between SPAQ categories in infantry recruits.
Degrees
of
Freedom

Mean
Square

F

p

Partial Eta
Squared
2
(ήp )

SPAQ

4

16996

17.4

<0.001

0.043

Income deprivation
quintile

4

803

0.8

0.511

0.002

Ethnicity

1

491

0.5

0.478

<0.001

Smoking status

2

2135

2.2

0.113

0.003

Age

1

224

0.2

0.632

<0.001

Body mass index

1

1547

1.6

0.208

0.001

Alcohol
consumption
(AUDIT-C score)
Diet
(REAP score)

1

142

0.1

0.703

<0.001

1

4720

4.8

0.028

0.003

Corrected Model

15

5809

5.9

<0.001

0.054

1

50552

51.8

<0.001

0.032

Error

1564

977

Total

1580

Corrected Total

1579

Source

Intercept

Note: SPAQ, Single-item Physical Activity Questionnaire. LTEQ, Leisure Time Exercise Questionnaire

Table J19b

Adjusted mean difference (95% confidence intervals) between SPAQ categories
in LTEQ score: results from ANCOVA post-hoc pairwise comparisons.
Much less
active

Much less
active
Less
active

Less
active

About the
same

More
active

Much more
active

-3.4
(-15 to 8.3)

-7.3
(-18.4 to 3.8)

-18.7
(-29.8 to -7.5)a

-17.2
(-29.6 to -4.9)b

-3.9
(-10.5 to 2.6)

-15.3
(-21.8 to -8.7)a

-13.8
(-22.3 to -5.3)a

-11.4
(-16.8 to -5.9)a

-9.9
(-17.6 to -2.2)b

3.4
(-8.3 to 15)

About the
same

7.3
(-3.8 to 18.4)

3.9
(-2.6 to 10.5)

More
active

18.7
(7.5 to 29.8)a

15.3
(8.7 to 21.8)a

11.4
(5.9 to 16.8)a

Much more
active

17.2
(4.9 to 29.6)b

13.8
(5.3 to 22.3)a

9.9
(2.2 to 17.6)b

1.4
(-6.1 to 9)
-1.4
(-9 to 6.1)

Notes: SPAQ, Single-item Physical Activity Questionnaire. LTEQ, Leisure Time Exercise Questionnaire.
Means adjusted for income deprivation quintile, ethnicity, smoking status, age, body mass index, alcohol
a
b
c
consumption and smoking status. p < 0.001, p < 0.01, p < 0.05.
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Table J20a

Results from Analysis of Covariance used to test for differences in 2.4 km run
time during week one of training between LTEQ score quintiles in infantry
recruits.
Degrees
of
Freedom

Mean
Square

F

p

Partial Eta
Squared
2
(ήp )

LTEQ quintile

4

14126

6.0

<0.001

0.019

Income deprivation
quintile

4

1092

0.5

0.761

0.001

Ethnicity

1

2733

1.2

0.281

0.001

Smoking status

2

7865

3.4

0.035

0.005

Age

1

29878

12.7

<0.001

0.010

Body mass index

1

219192

93.4

<0.001

0.070

Alcohol
consumption
(AUDIT-C score)
Diet
(REAP score)

1

2

0.0

0.975

<0.001

1

5124

2.2

0.140

0.002

Corrected Model

15

20665

8.8

<0.001

0.096

1

2456435

1047.0

<0.001

0.457

Error

1244

2346

Total

1260

Corrected Total

1259

Source

Intercept

Note: LTEQ, Leisure Time Exercise Questionnaire

Table J20b

Adjusted mean difference (95% confidence intervals) between SPAQ categories
in 2.4 km run time during week one of training: results from ANCOVA post-hoc
pairwise comparisons.
LTEQ Q1
(lowest)

LTEQ Q1
(lowest)

LTEQ Q2

LTEQ Q3

LTEQ Q4

LTEQ Q5
(highest)

-2.3
(-14.4 to 9.9)

9.6
(-2.6 to 21.8)

8.2
(-4 to 20.5)

16.2
(3.9 to 28.4)b

11.8
(-0.3 to 24)

10.5
(-1.6 to 22.6)

18.4
(6.3 to 30.6)a

-1.3
(-13.6 to 11)

6.6
(-5.7 to 18.9)

LTEQ Q2

2.3
(-9.9 to 14.4)

LTEQ Q3

-9.6
(-21.8 to 2.6)

-11.8
(-24 to 0.3)

LTEQ Q4

-8.2
(-20.5 to 4)b

-10.5
(-22.6 to 1.6)

1.3
(-11 to 13.6)

LTEQ Q5
(highest)

-16.2
(-28.4 to -3.9)a

-18.4
(-30.6 to -6.3)

-6.6
(-18.9 to 5.7)

7.9
(-4.3 to 20.2)
-7.9
(-20.2 to 4.3)

Notes: LTEQ, Leisure Time Exercise Questionnaire. Means adjusted for income deprivation quintile,
a
b
ethnicity, smoking status, age, body mass index, alcohol consumption and smoking status. p < 0.001, p
c
< 0.01, p < 0.05.
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Table J21

Results from Analysis of Covariance used to test for differences in press-ups
score during week 14 of training between LTEQ score quintiles in infantry
recruits.
Degrees
of
Freedom

Mean
Square

F

p

Partial Eta
Squared
2
(ήp )

LTEQ quintile

4

3282

2.2

0.069

0.010

Income deprivation
quintile

4

961

0.6

0.635

0.003

Ethnicity

1

384

0.3

0.613

<0.001

Smoking status

2

9213

6.1

0.002

0.014

Age

1

6381

4.2

0.040

0.005

Body mass index

1

74583

49.6

<0.001

0.054

Alcohol
consumption
(AUDIT-C score)
Diet
(REAP score)

1

589

0.4

0.531

<0.001

1

1561

1.0

0.309

0.001

Corrected Model

15

7536

5.0

<0.001

0.080

1

1395122

927.7

<0.001

0.518

Error

862

1504

Total

878

Corrected Total

877

Source

Intercept

Note: LTEQ, Leisure Time Exercise Questionnaire
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Table J22

Results from Analysis of Covariance used to test for differences in press-ups
score during week one of training between LTEQ score quintiles in infantry
recruits.
Degrees
of
Freedom

Mean
Square

F

p

Partial Eta
Squared
2
(ήp )

LTEQ quintile

4

124

0.7

0.605

0.002

Income deprivation
quintile

4

407

2.2

0.062

0.007

Ethnicity

1

250

1.4

0.241

0.001

Smoking status

2

1127

6.2

0.002

0.010

Age

1

898

4.9

0.026

0.004

Body mass index

1

265

1.5

0.227

0.001

Alcohol
consumption
(AUDIT-C score)
Diet
(REAP score)

1

612

3.4

0.066

0.003

1

672

3.7

0.055

0.003

Corrected Model

15

721

4.0

<0.001

0.045

1

9218

50.8

<0.001

0.039

Error

1253

182

Total

1269

Corrected Total

1268

Source

Intercept

Note: LTEQ, Leisure Time Exercise Questionnaire
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Table J23

Results from Analysis of Covariance used to test for differences in sit-ups score
during week one of training between LTEQ score quintiles in infantry recruits.
Degrees
of
Freedom

Mean
Square

F

p

Partial Eta
Squared
2
(ήp )

LTEQ quintile

4

146

1.0

0.388

0.003

Income deprivation
quintile

4

49

0.4

0.844

0.001

Ethnicity

1

20

0.1

0.704

<0.001

Smoking status

2

971

6.9

0.001

0.011

Age

1

524

3.7

0.054

0.003

Body mass index

1

27

0.2

0.660

<0.001

Alcohol
consumption
(AUDIT-C score)
Diet
(REAP score)

1

15

0.1

0.741

<0.001

1

36

0.3

0.614

<0.001

Corrected Model

15

263

1.9

0.023

0.022

1

26741

189.5

<0.001

0.131

Error

1255

141

Total

1271

Corrected Total

1270

Source

Intercept

Note: LTEQ, Leisure Time Exercise Questionnaire

Table J24

Results from adjusted linear regression models examining the association
between self-reported sweating frequency and 2.4 km run time, number of
press-ups and number of sit-ups during week one of training.
2.4 km run time

Press-ups

Sit-ups

Sweating frequency

 (95% CI)

 (95% CI)

 (95% CI)

Always

Ref

Ref

Ref

Sometimes

26.4 (21.1 to 31.7)

a

-4.1 (-5.7 to -2.6)

Never or rarely

22.7 (10.0 to 35.3)

a

-6.6 (-10.2 to -2.9)

a

a

-4.5 (-5.8 to -3.2)

a

-3.8 (-7.0 to -0.7)

c

Notes: Sweating frequency questions is “In a typical week before joining the Army, how often during your
spare time did you do any activity long enough to work up a sweat?
a
b
c
p < 0.001, p < 0.01, p < 0.05.
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Table J25

Results from adjusted logistic regression models examining the association
between self-reported sweating frequency and training discharge.
Discharge

Sweating frequency

OR (95% CI)

Always

Ref

Sometimes

1.5 (0.9 to 2.5)

Never or rarely

1.4 (1.1 to 1.7)

b

Notes: Model adjusted for income deprivation quintile, ethnicity, smoking status, age, body mass index,
a
b
c
alcohol consumption and smoking status. p < 0.001, p < 0.01, p < 0.05.

Table J26

Results from adjusted linear regression models examining the association
between self-reported physical activity (SPAQ) and 2.4 km run time (s) in week
one (test of criterion validity) of training: comparison between models including
and excluding recruits with missing sociodemographic data.

2.4 km run time

Week 1
(excluding missing data)

Week 1
(including missing data)

SPAQ category

 (95% CI)

 (95% CI)

Much more active

Ref

Ref

More active

14.6 (6.2 to 23.1)

About the same

35.8 (27.2 to 44.4)

a

34.3 (25.5 to 43.2)

a

Less active

52.0 (42.5 to 61.4)

a

51.8 (42.0 to 61.5)

a

Much less active

57.9 (43.5 to 72.3)

a

60.6 (45.7 to 75.5)

a

b

14.2 (5.4 to 22.9)

b

Notes: SPAQ, Single-item Physical Activity Question. Models were adjusted for age, income deprivation
quintile, ethnicity, BMI, AUDIT-C score, smoking status and REAP score.
a
b
c
p < 0.001, p < 0.01, p < 0.05.
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Appendix K

K1

Analysis of responses to individual items
in the MPQ

Overview

This supplementary appendix provides results from the full analyses of responses to
individual items incorporated in the Military Pre-training Questionnaire (MPQ). These
results were included in the MPhil to PhD transfer report and were initially intended to
be included as a chapter in the final thesis. However, it was felt by the transfer
examiners that, while interesting, presenting all of the results in the main thesis risked a
lack of clarity and purpose, particularly in the context of the key research questions and
aims. As such, the results were instead used in discussion to shape the specific focus
and content of Chapter 6: Study 3: Prevalence, co-occurrence and clustering of
unhealthy lifestyle behaviours among British Army infantry recruits. The results are
described and presented in this appendix to ensure that all analyses results are
accessible, particularly to those who may have a specific interest in responses to an
MPQ item not reported in the main thesis document.

K2

Statistical analysis

Responses to the MPQ were analysed by age group, ethnicity, nationality and income
deprivation quintile. For categorical MPQ items, Pearson’s chi-squared tests were used
to determine differences by ethnicity and nationality among participants. If the item had
multiple response categories, chi-square tests were performed for each category. A
chi-squared test for linear trend was used to determine any significant trends
associated with increasing age.

For MPQ items with continuous responses, analyses by age group, ethnicity and
nationality were performed using Student’s t-test or one-way analysis of variance
(ANOVA). Bonferoni (equal variances) or Games-Howell (unequal variances) post-hoc
tests were used to detect differences for statistically significant multiple comparisons.

If univariate analyses identified significant associations between MPQ responses and
sociodemographic characteristics, regression models were used to identify
independent associations. Multiple logistic regression models were used if the outcome
variable (i.e. MPQ item) was dichotomous; multiple ordinal logistic regression models
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were used if the outcome variable was ordinal; and multiple linear regression models
were used if the outcome variable was continuous. Each model included age (as a
continuous variable), deprivation quintile, and either ethnicity or nationality. Separate
models were run to include ethnicity or nationality because of the strong association
between these two variables (chi-square: p < 0.001): 97% of participants who reported
being ‘British’ also reported being ‘White’; 67% of participants who reported their
nationality as ‘Other’ also reported their ethnicity as ‘Other’. Models that include
ethnicity are primarily reported in the results section although both are presented in the
results tables.

McNemars chi-square test was used to assess changes in smoking status of
participants between completion of the MPQ and completion of an exit questionnaire,
which was completed by a subset of recruits on exit from training. A paired sample ttest was used to compare differences in other continuous smoking behaviour items.

The adequacy of all linear regression models was assessed by plotting the residuals of
the regression model against the independent variables and also against the predicted
values of the outcome (predicted fit). Logistic regression model fits were tested by the
Hosmer-Lemeshow chi-square test and ordinal regression models by likelihood ratio
chi-square tests. See the General Methods for more details.

Results are described as statistically significant where p < 0.05. All statistical analyses
were performed using Statistical Package for the Social Sciences version 19.0 (IBM
United Kingdom Limited, Portsmouth, UK). Any use of the term ‘significant’ is taken to
mean statistically significant, but this does not imply practical significance or
importance. All missing data were assumed to be at random; cases with missing data
were removed from any analyses using listwise deletion. The methods used to
calculate confidence intervals follow the standard guidance issued by the Association
of Public Health Observatories (2008).

Results are summarised in the text; however, information that is provided in tables and
figures is not repeated.
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K3

Results

K3.1

Recruit characteristics

The sociodemographic characteristics of the 1960 recruits who completed the MPQ are
provided in Table K1. Most participants (66%) were aged 21 years or below, were of
white ethnic origin and identified themselves as British (both 86% compared to ‘other’).
The proportion of recruits who participated in the study was strongly patterned by
income deprivation: 27% of recruits residing in the UK at selection lived in the most
deprived quintile of areas compared to only 12% who lived in the least deprived
quintile.

Table K1

Sociodemographic characteristics of 1960 British Army recruits who completed
the Military Pre-training Questionnaire (MPQ).

Characteristic

n

%

1960

100

17
18–19
20–21
≥22
Missing

330
564
419
472
175

17
29
21
24
9

White
Other
Missing

1664
121
175

85
6
9

British
Other
Missing

1671
114
175

85
6
9

530
398
313
248
233
238

27
20
16
13
12
12

All
Age (years)

Ethnicity

Nationality

Income deprivation quintile
1 Most deprived
2
3
4
5 Least deprived
Missing
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K3.2

Responses to the MPQ by sociodemographic characteristics

Physical activity: Single-item Physical Activity Question (SPAQ) (Q1_1)
Most participants reported that prior to joining the Army they were ‘about the same’
(32%) or ‘more active’ (33%) than other men of the same age (Figure K1). Twelve
percent of participants felt that they were ‘much more active’, whilst 23% considered
themselves to be ‘less active’ or ‘much less active’.

40
35

Percentage

30
25
20
15
10
5
0
Much less active

Less active

About the same

More active

Much more active

Before joining the Army, how active do you think you were
compared with other the men the same age as you?

Figure K1

Responses to SPAQ in the Military Pre-training Questionnaire.

The proportion of recruits who reported being ‘less’ or ‘much less’ active was not
significantly associated with age group (Figure K2). In contrast, there was a significant
linear association between age group and those reporting ‘about the same’ or
‘more/much more’ activity. In both cases, the association was strongly influenced by
those aged ≥22 years, the age group which had the lowest proportion of recruits
reporting their activity levels as ‘about the same’, but the highest proportion reporting
being more or much more active.
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22 and over

cd
*†

60

Percentage

50

c
a

d

b

40

ab
*
30

20

10

0
Less/much less active

About the same

More/much more active

Before joining the Army, how active do you think you were
compared with other the men the same age as you?

Figure K2

Responses to the SPAQ in the Military Pre-training Questionnaire, by age group.
* Significant (p < 0.05) between-group differences are shown by identical letters.

There was no difference in the proportion of ‘white’ or ‘other’ ethnic recruits reporting
being less or much less active (Figure K3). However, white recruits were significantly
more likely to report being ‘about the same’ as others of the same age, but significantly
less likely to report being more or much more active.
70

White

*

Other

60

Percentage

50

40

*

30

20

10

0
Less/much less active

About the same

More/much more active

Before joining the Army, how active do you think you were
compared with other the men the same age as you?

Figure K3

Responses to the SPAQ in the Military Pre-training Questionnaire, by ethnicity.*
Significant between-group difference after adjustment for multiple comparisons (p
< 0.007).
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A significantly lower proportion of British recruits reported being ‘more’ or ‘much more’
active prior to joining the Army compared to recruits of other nationalities (Figure K4).
In contrast, British recruits were more likely to report their activity levels as being about
the same as others of the same age or less/much less than others, but these did not
reach statistical significance.

80

British

Other
*

70

Percentage

60
50
40
30
20
10
0
Less/much less active

About the same

More/much more active

Before joining the Army, how active do you think you were
compared with other the men the same age as you?

Figure K4

Responses to the SPAQ in the Military Pre-training Questionnaire, by nationality.
* Significant (p < 0.05) between-group difference.

There was a linear association between income deprivation and low levels of selfreported physical activity: 26% of recruits in the most deprived quintile reported being
‘less active’ or ‘much less active’ than others of the same age increasing to 26% of
recruits in the least deprived quintile. There was no association between income
deprivation and the proportion of recruits self-reporting that they were ‘about the same’
or ‘more or much more’ active than others before joining the Army (Figure K5).
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Figure K5

Responses to the SPAQ in the Military Pre-training Questionnaire, by income
deprivation quintile. * Significant (p < 0.05) linear association.

Table K2 summarises the results of the responses to the SPAQ by sociodemographic
characteristics. Table K3a and Table K3b show the results from multivariable ordinal
regression models examining independent predictors of self-reported activity levels.
Age, non-white ethnicity and nationality were significantly associated with higher selfreported activity.
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Table K2

Summary of responses to the SPAQ of the Military Pre-training Questionnaire, by sociodemographic characteristics.
Q1_1 Before joining the Army, how active do you think you were compared with other the men the
same age as you?

Characteristic

All
Age (years)
17
18–19
20–21
≥22
p
Ethnicity
White
Other
p
Nationality
British
Other
p
Income deprivation quintile
1 Most deprived
2
3
4
5 Least deprived
p
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Participants

Less/much
less active

About the
same

More/much
b
more active

n
1927

(%)
(100)

% (95%CI)
23 (21 to 25)

% (95%CI)
32 (30 to 34)

% (95%CI)
45 (43 to 48)

320
557
414
462

(18)
(32)
(24)
(26)

22 (18 to 27)
24 (20 to 27)
26 (22 to 30)
20 (17 to 24)
0.51

34 (29 to 39)
35 (31 to 39)
34 (29 to 38)
27 (23 to 32)
0.02

44 (39 to 50)
41 (37 to 45)
41 (36 to 46)
53 (48 to 57)
0.006

1633
120

(93)
(7)

23 (21 to 25)
21 (15 to 29)
0.59

33 (31 to 36)
22 (15 to 30)
0.02

44 (41 to 46)
58 (49 to 66)
0.007

1639
114

(93)
(7)

23 (21 to 25)
16 (10 to 24)
0.13

33 (31 to 35)
25 (18 to 33)
0.12

44 (41 to 46)
60 (50 to 68)
0.003

512
396
306
246
230

(30)
(23)
(18)
(15)
(14)

26 (22 to 30)
24 (21 to 29)
21 (16 to 25)
20 (15 to 25)
19 (15 to 25)
0.01

33 (29 to 37)
31 (27 to 36)
32 (27 to 37)
34 (29 to 40)
36 (30 to 42)
0.38

41 (37 to 46)
44 (39 to 49)
47 (42 to 53)
46 (40 to 52)
45 (38 to 51)
0.21

Table K3a

Sociodemographic characteristics associated with self-reported physical activity
levels in a multivariable ordinal regression model (including ethnicity).
95% Confidence intervals

Characteristic

Exp(B) Odds ratio

Lower

Upper

Age

1.05

1.01

1.08

Ethnicity
White
Other

1
1.55

Income deprivation quintile
1 Most deprived
2
3
4
5 Least deprived

1
1.29
1.28
1.28
1.11

Table K3b

p
0.007
<0.001

1.05

2.31

0.03
0.38

0.97
0.96
0.98
0.87

1.73
1.71
1.67
1.42

0.08
0.09
0.07
0.38

Sociodemographic characteristics associated with self-reported physical activity
levels in a multivariable ordinal regression model (including nationality).
95% Confidence intervals
p

Characteristic

Odds ratio

Lower

Upper

Age

1.04

1.01

1.07

0.02

Nationality
British
Other

1.82

1.18

2.81

0.006

Income deprivation quintile
1 Most deprived
2
3
4
5 Least deprived

1
1.10
1.27
1.28
1.24

0.86
0.97
0.97
0.93

1.41
1.65
1.71
1.67

0.44
0.08
0.09
0.14
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Physical activity: LTEQ (Q1_2 and Q1_3)
The descriptive results of LTEQ scores among participants are shown in Table K4. In a
typical week before joining the Army, the mean number of times that recruits performed
‘hard, tiring exercise’, ‘moderate exercise’ and ‘mild exercise’ was 3.2 (3.1 to 3.3), 2.9
(2.8 to 3.1) and 3.4 (3.2 to 3.6), respectively. The mean total LTEQ score was 53.6
(52.1 to 55.1). In univariate analyses, responses to individual components of the LTEQ,
as well as the overall score, were not associated with age, ethnicity, nationality or
income deprivation.

The LTEQ also asks respondents how often during their spare time do they do activity
long enough to work up a sweat. Only 4% of recruits ‘never/rarely’ do such exercise,
compared to 46% and 49% of recruits who ‘sometimes’ or ‘often’ perform exercise long
enough to work up a sweat. With the exception of a linear association between age
group and ‘sometimes’, responses to Q1_3 were not associated with age, ethnicity or
nationality (Table K5). However, those from the least income deprived areas were less
likely to perform sweat-inducing exercise ‘never/rarely’, while they were significantly
more likely to do such exercise ‘often’ compared to those from the most deprived areas
(Table K5). This association remained when entered into a multivariable linear
regression model, with the odds of completing more sweat-inducing exercise
increasing as deprivation decreases (Tables J6a & I6b).
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Table K4

Summary of responses to LTEQ in the Military Pre-training Questionnaire, by sociodemographic characteristics.
Q1_2 In a typical week before joining the Army, how many times did you do the
following kinds of exercise for more than 15 minutes during your free time?

Characteristic

Hard, tiring
exercise

Moderate
exercise

Mild
Exercise

LTEQ
overall score

(%)

mean (95%CI)

mean (95%CI)

mean (95%CI)

% (95%CI)

1866

(100)

3.2 (3.1 to 3.3)

2.9 (2.8 to 3.1)

3.4 (3.2 to 3.6)

53.6 (52.1 to 55.1)

318
539
405
455

(19)
(31)
(24)
(26)

3.2 (2.9 to 3.5)
3.2 (3.1 to 3.4)
3.2 (3.0 to 3.4)
3.2 (3.0 to 3.4)
0.97

3.1 (2.6 to 3.6)
2.9 (2.7 to 3.1)
2.8 (2.6 to 3.1)
3.1 (2.8 to 3.3)
0.46

3.4 (2.9 to 3.8)
3.6 (3.3 to 3.9)
3.4 (3.0 to 3.7)
3.4 (3.0 to 3.8)
0.81

54.1 (49.8 to 58.5)
54.2 (51.5 to 56.9)
52.9 (49.8 to 55.9)
54.2 (51.2 to 57.3)
0.92

1603
114

(93)
(7)

3.2 (3.1 to 3.3)
3.1 (2.8 to 3.4)
0.61

2.9 (2.8 to 3.0)
3.6 (2.3 to 5.0)
0.01

3.43 (3.24 to 3.62)
3.64 (2.98 to 4.30)
0.57

53.7 (52.1 to 55.2)
57.0 (48.1 to 65.9)
0.30

1607
110

(94)
(6)

3.2 (3.1 to 3.3)
3.3 (2.9 to 3.7)
0.68

2.9 (2.8 to 3.1)
3.1 (2.7 to 3.5)
0.63

3.4 (3.2 to 3.6)
3.8 (3.0 to 4.5)
0.39

53.7 (52.1 to 55.3)
56.3 (49.9 to 62.6)
0.44

495
384
305
241
228

(30)
(23)
(18)
(15)
(14)

3.2 (3.0 to 3.4)
3.2 (3.0 to 3.4)
3.2 (3.0 to 3.5)
3.3 (3.1 to 3.6)
3.1 (2.8 to 3.4)
0.87

2.8 (2.6 to 3.0)
3.1 (2.6 to 3.5)
2.6 (2.4 to 2.9)
3.4 (2.9 to 3.8)
3.0 (2.7 to 3.3)
0.07

3.3 (3.0 to 3.6)
3.4 (3.0 to 3.8)
3.5 (3.0 to 4.0)
3.4 (2.9 to 3.9)
3.5 (3.0 to 4.0)
0.98

52.9 (50.0 to 55.8)
53.2 (50.2 to 56.3)
52.7 (49.2 to 56.2)
56.8 (52.7 to 61.0)
53.2 (49.2 to 57.2)
0.55

Subjects
n

All
Age
17
18-19
20-21
≥22
p
Ethnicity
White
Other
p
Nationality
British
Other
p
Income deprivation quintile
1 Most deprived
2
3
4
5 Least deprived
p
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Table K5

Summary of responses to Q1_3 in the Military Pre-training Questionnaire, by sociodemographic characteristics.

Q1_3 In a typical week before joining the Army, how often during your spare time did you do any activity long
enough to work up a sweat (heart beats quickly)?

Characteristic
All
Age (years)
17
18–19
20–21
≥22
p
Ethnicity
White
Other
p
Nationality
British
Other
p
Income deprivation quintile
1 Most deprived
2
3
4
5 Least deprived
p
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Participants

Never/
Rarely

Sometimes

Often

n
1910

(%)
(100)

% (95%CI)
4 (4 to 5)

% (95%CI)
46 (44 to 48)

% (95%CI)
49 (47 to 52)

314
552
410
461

(18)
(32)
(24)
(27)

4 (2 to 6)
4 (3 to 6)
5 (3 to 7)
5 (3 to 7)
0.35

50 (44 to 55)
51 (47 to 55)
44 (39 to 49)
43 (39 to 48)
0.01

47 (41 to 52)
45 (41 to 49)
51 (46 to 56)
52 (47 to 56)
0.63

1621
116

(93)
(7)

4 (4 to 6)
3 (1 to 9)
0.61

47 (45 to 50)
45 (36 to 54)
0.63

48 (46 to 51)
52 (43 to 61)
0.49

1626
111

(94)
(6)

4 (3 to 5)
5 (2 to 10)
0.95

47 (45 to 49)
48 (39 to 57)
0.87

49 (46 to 51)
48 (39 to 57)
0.85

509
392
305
240
228

(30)
(23)
(18)
(14)
(14)

6 (4 to 9)
5 (3 to 7)
5 (3 to 8)
1 (0 to 4)
3 (1 to 6)
0.004

48 (44 to 52)
49 (45 to 54)
46 (40 to 51)
48 (42 to 55)
42 (35 to 48)
0.147

46 (41 to 50)
46 (41 to 51)
49 (44 to 55)
50 (44 to 57)
56 (49 to 62)
0.009

Table K6a

Sociodemographic characteristics associated with Q1_3 responses in a
multivariable ordinal regression model including ethnicity.
95% Confidence intervals
p

Variable

Odds ratio

Lower

Upper

Age

1.03

1.00

1.06

0.09

Ethnicity
White
Other

1
1.07

0.71

1.61

0.75

Income deprivation quintile
1 Most deprived
2
3
4
5 Least deprived

1
1.07
1.12
1.36
1.62

0.83
0.85
1.01
1.15

1.38
1.48
1.83
2.29

0.60
0.41
0.05
0.006

Table K6b

Sociodemographic characteristics associated with Q1_3 responses in a
multivariable ordinal regression model including nationality.
95% Confidence intervals
p

Variable

Odds ratio

Lower

Upper

Age

1.04

1.00

1.07

0.04

Nationality
British
Other

1
0.80

0.52

1.24

0.32

Income deprivation quintile
1 Most deprived
2
3
4
5 Least deprived

1
1.07
1.12
1.35
1.61

0.83
0.85
1.00
1.14

1.37
1.47
1.83
2.28

0.61
0.44
0.05
0.006

Physical activity: Q1_4
Recruits participated in a range of different types of exercise prior to joining the Army
(Figure K6). Running was the most common; 74% of recruits responded that they this
was the type of exercise they did most often. Team sports (45%) and weight training
(44%) were also popular among recruits. Only 2% of recruits (n = 30) didn’t exercise
before commencing military training.
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Figure K6

Responses to Q1-4 in the Military Pre-training Questionnaire.

Physical activity: Q1_5
The majority of recruits completed a continuous run at least weekly during the six
months before joining the Army (Figure K7). There were no significant associations
between number of times a continuous run was completed and sociodemographic
characteristics.
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35
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times a week
times a week
In the 6 months before joining the Army how often did you complete a continuous
run?

Figure K7
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Responses to Q1-5 in the Military Pre-training Questionnaire.

Table K7

Summary of responses to Q1_5 in the Military Pre-training Questionnaire, by
sociodemographic characteristics.
Q1_5 In the 6 months before joining the Army how often did
you complete a continuous run?

Characteristic

Less than 3
times a month

1-2
times a week

2 or more
times a week

(%)

% (95%CI)

% (95%CI)

% (95%CI)

1933

(100)

24 (22 to 26)

35 (33 to 37)

41 (39 to 44)

321
560
413
465

(18)
(32)
(23)
(26)

25 (21 to 30)
25 (22 to 29)
23 (19 to 27)
22 (18 to 26)
0.19

37 (32 to 42)
34 (30 to 38)
36 (32 to 41)
34 (30 to 39)
0.69

38 (33 to 43)
41 (37 to 45)
41 (36 to 46)
44 (39 to 48)
0.13

1639
120

(93)
(7)

24 (22 to 26)
26 (19 to 34)
0.58

35 (33 to 38)
32 (24 to 40)
0.40

41 (39 to 43)
43 (34 to 51)
0.737

1645
114

(94)
(6)

24 (22 to 26)
23 (16 to 31)
0.80

36 (33 to 38)
30 (22 to 39)
0.22

41 (38 to 43)
47 (38 to 56)
0.16

515
396
308
248
229

(30)
(23)
(18)
(15)
(14)

26 (23 to 30)
25 (21 to 29)
21 (16 to 26)
21 (16 to 26)
25 (19 to 32)
0.35

38 (34 to 42)
34 (30 to 39)
33 (28 to 39)
38 (32 to 44)
27 (21 to 34)
0.28

36 (32 to 40)
41 (36 to 46)
46 (41 to 52)
42 (35 to 48)
48 (41 to 55)
0.08

Participants
n

All
Age (years)
17
18–19
20–21
≥22
P
Ethnicity
White
Other
P
Nationality
British
Other
P
Income deprivation quintile
1 Most deprived
2
3
4
5 Least deprived
p
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Physical activity: Q1_6
In the six months before joining the Army, 74% of recruits increased the amount of
exercise they did (22% ‘increased a lot’, 53% ‘increased’), 21% ‘did not change’ and
5% ‘decreased’ or ‘decreased a lot’. Recruits living in the least income deprived quintile
of areas at selection were significantly less likely to report not changing or decreasing
their activity levels compared to those from the most deprived areas (Table K8).
However, income deprivation was not an independent predictor of change in exercise
level in a multivariable regression model (Tables J9a & I9b).

Table K8

Summary of responses to Q1_6 in the Military Pre-training Questionnaire, by
sociodemographic characteristics.
Q1_6 In the 6 months before joining the Army, how much did
you change the amount of exercise you did compared to the 6
months before that?

Characteristic

Increased
a lot

Increased

Did not change/decreased/
decreased a lot

(%)

% (95%CI)

% (95%CI)

% (95%CI)

1928

(100)

22 (20 to 24)

53 (51 to 55)

26 (24 to 28)

321
558
413
462

(18)
(32)
(24)
(26)

23 (19 to 28)
21 (18 to 24)
24 (21 to 29)
20 (16 to 24)
0.51

56 (50 to 61)
51 (47 to 55)
52 (47 to 56)
53 (48 to 57)
0.55

21 (17 to 26)
28 (24 to 32)
24 (20 to 28)
28 (24 to 32)
0.19

1635
119

(93)
(7)

22 (20 to 24)
18 (13 to 26)
0.37

53 (50 to 55)
50 (42 to 59)
0.64

25 (23 to 27)
31 (23 to 40)
0.16

1641
113

(94)
(6)

22 (20 to 24)
18 (12 to 26)
0.28

53 (50 to 55)
51 (42 to 60)
0.80

25 (23 to 28)
31 (23 to 40)
0.19

513
395
307
247
229

(30)
(23)
(18)
(15)
(14)

21 (18 to 24)
21 (17 to 25)
22 (18 to 27)
22 (18 to 28)
26 (20 to 33)
0.06

51 (47 to 55)
51 (46 to 56)
54 (48 to 59)
57 (50 to 63)
52 (45 to 60)
0.26

28 (25 to 32)
28 (24 to 32)
24 (20 to 29)
21 (16 to 26)
22 (16 to 29)
0.03

Participants
n

All
Age (years)
17
18–19
20–21
≥22
p
Ethnicity
White
Other
p
Nationality
British
Other
p
Income deprivation quintile
1 Most deprived
2
3
4
5 Least deprived
p
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Table K9a

Sociodemographic characteristics associated with Q1_6 responses in a
multivariable ordinal regression model (including ethnicity).
95% Confidence intervals
p

Variable

Odds ratio

Lower

Upper

Age

1.01

0.98

1.05

0.43

Ethnicity
White
Other

1
1.32

0.89

1.94

0.17

Income deprivation quintile
1 Most deprived
2
3
4
5 Least deprived

1
0.98
0.86
0.77
0.75

0.77
0.66
0.58
0.54

1.25
1.12
1.03
1.04

0.89
0.25
0.07
0.09

Table K9b

Sociodemographic characteristics associated with Q1_6 responses in a
multivariable ordinal regression model (including nationality).
95% Confidence intervals
p

Variable

Odds ratio

Lower

Upper

Age

1.01

0.98

1.05

0.42

Nationality
British
Other

1.24

0.82

1.88

0.31

0.98
0.85
0.76
0.74

0.77
0.65
0.57
0.54

1.25
1.11
1.01
1.03

0.88
0.23
0.06
0.08

Income deprivation quintile
1 Most deprived
2
3
4
5 Least deprived
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Injury history: Q2_1
Forty-six percent of recruits had previously suffered a fractured or broken bone (Table
K10). The proportion of white recruits and recruits of British nationality who had
suffered a bone fracture was significantly higher than non-white and non-British
recruits; Figure K8]. These sociodemographic characteristics were also significant in
multivariate models that also adjusted for age and income deprivation (Tables J11a &
I11b).
Injury history: Q2_2
Almost all (98%) recruits reported that they had never had a lower leg stress fracture
(Table K10). No differences were identified between history of lower leg stress fracture
and sociodemographic characteristics.
Injury history: Q2_3
Shin pain had been experienced by 16% of all recruits prior to joining the Army (Table
K10). There was a linear association between age and experience of shin pain, with a
higher proportion of older recruits experiencing shin pain compared to other age
groups. After adjusting for ethnicity and income deprivation, there was evidence that
age was an independent predictor of history of shin pain, although the association did
not reach statistical significance (Table K12).

Injury history: Q2_4
Twenty-three percent (23%) of participants had an injury in the 12 month period before
joining the Army which meant that they could not participate in sport or exercise for
longer than a week (Table K10). Consistent with the results for prior bone fracture,
recruits who had been injured in the past year were significantly less likely to be of nonwhite ethnic origin in both univariate and multivariate analyses. However, there was no
difference between British and non-British recruits, age groups or income deprivation
(Tables J10 & I13; Figure K9).
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Table K10

Summary of responses to injury-related items in the Military Pre-training Questionnaire, by sociodemographic characteristics.
Section 2: Injury history

Characteristic

Subjects
n

Ever had
broken bone

(%)

% (95%CI)

1934

(100)

46 (44 to 48)

322
559
413
465

(18)
(32)
(23)
(26)

1639
120

Subjects
n

Ever had lower
leg stress fracture

(%)

% (95%CI)

1930

(100)

2 (1 to 2)

52 (47 to 58)
44 (40 to 49)
45 (40 to 49)
45 (41 to 50)
0.109

321
558
413
464

(18)
(32)
(24)
(26)

(93)
(7)

47 (45 to 50)
28 (20 to 36)
<0.001

1637
118

1645
114

(94)
(6)

48 (46 to 50)
18 (12 to 27)
<0.001

514
397
308
247
230

(30)
(23)
(18)
(15)
(14)

45 (41 to 49)
49 (44 to 54)
40 (35 to 45)
51 (45 to 58)
47 (41 to 53)
0.55

Subjects
n

Ever had
shin pain

(%)

% (95%CI)

1930

(100)

16 (14 to 17)

1 (0 to 2)
2 (1 to 4)
1 (1 to 3)
2 (1 to 4)
0.28

322
555
415
463

(18)
(32)
(24)
(26)

(93)
(7)

2 (1 to 2)
1 (0 to 5)
0.47

1636
119

1643
113

(94)
(6)

2 (1 to 2)
1 (0 to 5)
0.51

514
396
307
247
229

(30)
(23)
(18)
(15)
(14)

2 (1 to 4)
2 (1 to 3)
2 (1 to 4)
1 (0 to 4)
1 (0 to 4)
0.44

Subjects
n

Been injured in
past year

(%)

% (95%CI)

1929

(100)

23 (21 to 25)

14 (10 to 18)
12 (9 to 14)
18 (14 to 22)
18 (15 to 22)
0.008

320
555
415
464

(18)
(32)
(24)
(26)

28 (23 to 33)
20 (17 to 24)
22 (18 to 26)
23 (19 to 27)
0.34

(93)
(7)

15 (14 to 17)
10 (6 to 17)
0.113

1634
120

(93)
(7)

24 (22 to 26)
13 (8 to 21)
0.01

1642
113

(94)
(6)

15 (14 to 17)
12 (8 to 20)
0.405

1640
114

(94)
(6)

23 (21 to 25)
18 (12 to 27)
0.24

511
396
309
247
229

(30)
(23)
(18)
(15)
(14)

14 (12 to 18)
13 (10 to 16)
15 (11 to 19)
15 (11 to 20)
20 (15 to 25)
0.06

511
397
309
246
228

(30)
(23)
(18)
(15)
(13)

21 (18 to 25)
21 (17 to 25)
23 (18 to 28)
24 (19 to 30)
25 (20 to 31)
0.17

All
Age (years)
17
18–19
20–21
≥22
p
Ethnicity
White
Other
p
Nationality
British
Other
p
Income deprivation quintile
1 Most deprived
2
3
4
5 Least deprived
p
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Other
Nationality

Proportion of recruits who had previously suffered a fractured or broken bone, by
ethnicity and nationality. * Significant (p < 0.05) between-group difference.
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Figure K9
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British

Other
Nationality

Proportion of recruits who had been injured year prior to joining the Army, by
ethnicity and nationality. * Significant (p < 0.05) between-group difference.

Table K11a

Sociodemographic characteristics associated with bone fracture (Q2_1) among
military recruits in a multivariable logistic regression model (including ethnicity).
95% Confidence intervals
p

Characteristic

Odds ratio

Lower

Upper

Age

0.99

0.96

1.03

0.61

Ethnicity
White
Other

1
0.44

0.28

0.69

<0.001

Income deprivation quintile
1 Most deprived
2
3
4
5 Least deprived

1
1.19
0.82
1.29
1.04

0.92
0.61
0.95
0.76

1.55
1.09
1.75
1.42

0.82
0.19
0.18
0.10
0.82

Table K11b

Sociodemographic characteristics associated with bone fracture (Q2_1) among
military recruits in a multivariable logistic regression model (including nationality).
95% Confidence intervals
p

Characteristic

Odds ratio

Lower

Upper

Age

1.01

0.97

1.04

0.62

Nationality
British
Other

1
0.19

0.11

0.34

<0.001

Income deprivation quintile
1 Most deprived
2
3
4
5 Least deprived

1
1.23
0.84
1.28
1.13

0.94
0.63
0.94
0.82

1.61
1.12
1.74
1.55

0.12
0.24
0.12
0.46
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Table K12

Sociodemographic characteristics associated with prior shin pain (Q2_3) among
military recruits in a multivariable logistic regression model (including ethnicity).
95% Confidence intervals
p

Characteristic

Odds ratio

Lower

Upper

Age

1.04

1.00

1.09

0.06

Ethnicity
White
Other

1
0.51

0.26

1.02

0.06

Income deprivation quintile
1 Most deprived
2
3
4
5 Least deprived

1
0.86
1.04
1.06
1.43

0.59
0.70
0.69
0.95

1.27
1.55
1.62
2.17

0.46
0.85
0.80
0.09

Table K13

Sociodemographic characteristics associated with injury in the past 12 months
(Q2_4) among military recruits in a multivariable logistic regression model
(including ethnicity).
95% Confidence intervals
p

Characteristic

Odds ratio

Lower

Upper

Age

1.00

0.96

1.04

0.93

Ethnicity
White
Other

1
0.55

0.31

0.98

0.04

Income deprivation quintile
1 Most deprived
2
3
4
5 Least deprived

1
0.99
1.10
1.17
1.18

0.72
0.78
0.82
0.82

1.37
1.54
1.69
1.71

0.95
0.60
0.39
0.38
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Diet: REAP
REAP scores by sociodemographic characteristics are shown in Table K14. White
recruits had a significantly lower REAP score than those of non-white origin, although
ethnicity was not independently associated with REAP score after adjusting for age and
income deprivation (Table K15).
Diet: Q3_2
Over a fifth (21%) of recruits reported that they regularly take dietary supplements
(Table K14). There was a significant linear association between age group and
supplement use; as age group increased as did the proportion of recruits who regularly
use supplementation. No differences existed in the use of supplements between white
and non-white or between British and non-British recruits, but use of supplements
varied by income deprivation.

Both age and income deprivation were independently associated with supplement use
in a multiple logistic regression model (Table K16), with recruits from the two least
deprived quintiles having significantly higher odds of supplement use compared to
those from the most deprived quintile of areas.
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Table K14

Summary of responses to diet-related items in the Military Pre-training
Questionnaire, by sociodemographic characteristics.

Characteristic

Subjects
n

All

Rapid Eating
Assessment for
Patients (REAP)

(%)

mean (95%CI)

1938

(100)

1.93 (1.92 to 1.94)

323
560
415
465

(18)
(32)
(24)
(26)

1643
120

Subjects
n

Regularly takes
supplements

(%)

% (95%CI)

1907

(100)

21 (20 to 23)

1.93 (1.90 to 1.96)
1.93 (1.91 to 1.95)
1.91 (1.89 to 1.94)
1.95 (1.93 to 1.98)
0.151

317
548
410
459

(18)
(32)
(24)
(26)

16 (13 to 21)
20 (17 to 23)
22 (18 to 26)
23 (20 to 27)
0.017

(93)
(7)

1.93 (1.91 to 1.94)
1.98 (1.94 to 2.03)
0.03

1615
119

(93)
(7)

20 (19 to 22)
23 (16 to 31)
0.557

1649
114

(94)
(6)

1.93 (1.91 to 1.94)
1.97 (1.93 to 2.02)
0.08

1621
113

(93)
(24)

20 (18 to 22)
24 (17 to 33)
0.369

516
397
309
248
230

(30)
(23)
(18)
(15)
(14)

1.96 (1.92 to 1.97)
1.93 (1.90 to1.96)
1.92 (1.89 to 1.95)
1.91 (1.88 to 1.95)
1.92 (1.88 to 1.95)
0.44

508
385
306
244
228

(30)
(23)
(18)
(15)
(14)

17 (14 to 20)
18 (14 to 22)
21 (17 to 26)
20 (16 to 26)
27 (21 to 33)
0.002

Age
17
18–19
20–21
≥22
p
Ethnicity
White
Other
p
Nationality
British
Other
p
Income deprivation quintile
1 Most deprived
2
3
4
5 Least deprived
p
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Table K15

Sociodemographic characteristics associated with REAP score among military
recruits in a multivariable linear regression model (including ethnicity).
95% Confidence intervals
p

Characteristic

Beta

Lower

Upper

Age

0.00

0.00

0.01

0.04

Ethnicity
White
Other

Ref
0.04

-0.02

0.09

0.20

Income deprivation quintile
1 Most deprived
2
3
4
5 Least deprived

Ref
-0.02
-0.03
-0.03
-0.03

-0.05
-0.07
-0.07
-0.07

0.02
0.01
0.01
0.02

0.32
0.17
0.12
0.21

Table K16

Sociodemographic characteristics associated with supplement use among
military recruits in a multivariable logistic regression model (including nationality).
95% Confidence intervals
p

Characteristic

Odds ratio

Lower

Upper

Age

1.05

1.01

1.09

0.02

Nationality
British
Other

1
0.79

0.46

1.35

0.40

Income deprivation quintile
1 Most deprived
2
3
4
5 Least deprived

1
1.16
1.05
1.57
1.73

0.83
0.73
1.08
1.15

1.62
1.52
2.27
2.61

0.39
0.79
0.02
0.009

Alcohol consumption: Q4_1
Over half of all recruits in the study reported consuming alcohol at least weekly in the
previous 12 months: 37% drank alcohol 2–3 times a week whilst 15% drank ≥4 times a
week (Figure K10). Fourteen percent (14%) of recruits consumed alcohol less than
monthly and 29% consumed alcohol 2–4 times a month. Only 4% of recruits did not
drink alcohol in the previous year.
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The proportion of recruits who reported drinking alcohol 2–4 times a month was
significantly associated with age group (Table K17), with a trend towards younger
recruits being more likely to drink within this frequency category. However, specific
differences could not be located in post-hoc chi-square tests. The highest frequency of
consumption (2–4 times a week) was also significantly associated with age group. In
post-hoc analyses, the proportion of recruits in the youngest age group was
significantly lower than all other age groups.

Consuming alcohol monthly or less was more common among non-white and nonBritish recruits (Figure K11). The opposite pattern was observed for more frequent
drinking patterns: a higher proportion of white and British recruits reported consuming
alcohol at least weekly in the past year compared to their non-white and non-British
counterparts (Figure K11 and Figure K12).

Income deprivation was significantly associated with drinking frequency (Figure K13).
Recruits living in the most deprived quintile of areas prior to joining the Army were the
most likely to report less frequent alcohol consumption. A similar pattern was seen
among those drinking ‘2–4 times a month’.

Ethnicity, nationality and income deprivation were also independently associated with
drinking frequency in a multivariable ordinal regression model (Table K18a and Table
K18b). Recruits who were non-white and non-British had significantly decreased odds
of frequent drinking compared to white and British recruits. Compared with recruits
living in the most deprived quintile at selection, those living in less deprived quintiles
had significantly increased odds of frequent drinking.
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How often did you have a drink containing alcohol in the past year?

Figure K10

Responses to Q4-1 in the Military Pre-training Questionnaire.
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Monthly or less
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2-3 times a week

4 or more times a week

How often did you have a drink containing alcohol in the past year?

Figure K11

Responses to Q4-2 in the Military Pre-training Questionnaire, by ethnicity. *
Significant (p < 0.05) between-group difference.
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60

British

Other

*

50

Percentage

40
*

30

20
*

10

0
Monthly or less

2-4 times a month

2-3 times a week

4 or more times a week

How often did you have a drink containing alcohol in the past year?

Figure K12

Responses to Q4-2 in the Military Pre-training Questionnaire, by nationality. *
Significant (p < 0.05) between-group difference.

Figure K13

Responses to Q4-2 in the Military Pre-training Questionnaire, by income
deprivation.

336

Table K17

Summary of responses to Q4_1 in the Military Pre-training Questionnaire, by
sociodemographic characteristics.

Characteristic

Subjects
n
192
3

(%)
(100
)

17

317

(18)

18–19

557

(32)

20–21

411

(24)

≥22
p

463

(26)

163
0

(93)

118

(7)

163
5

(94)

113

(6)

1 Most deprived

512

(30)

2

392

(23)

3

306

(18)

4

246

(15)

5 Least deprived
p

229

(14)

All

How often did you have a drink containing alcohol in the past
year?
4 or more
Monthly
2-4 times
2-3 times
times
or less
a month
a week
a week
% (95%CI)
18 (17 to
20)

% (95%CI)
29 (27 to
32)

% (95%CI)
37 (35 to
40)

21 (17 to
26)
16 (13 to
19)
13 (10 to
17)
23 (19 to
27)
0.38

33 (28 to
39)
31 (27 to
35)
27 (23 to
32)
27 (23 to
31)
0.03

36 (31 to
41)
38 (34 to
42)
41 (37 to
46)
34 (30 to
38)
0.60

17 (15 to
19)
37 (29 to
46)
<0.001

30 (28 to
32)
27 (20 to
36)
0.55

38 (36 to
41)
24 (17 to
32)
0.002

17 (15 to
18)
42 (33 to
51)
<0.001

30 (28 to
32)
25 (18 to
33)
0.25

38 (36 to
40)
27 (19 to
35)
0.02

21 (17 to
24)
18 (14 to
22)
18 (14 to
23)
20 (16 to
26)

35 (31 to
39)
31 (26 to
36)
26 (22 to
32)
26 (21 to
32)
24 (19 to
30)
<0.001

32 (28 to
36)
39 (34 to
43)
39 (34 to
45)
32 (27 to
38)
48 (41 to
54)
0.004

% (95%CI)
15 (13 to 16)

Age (years)
10 (7 to 14)
15 (12 to 18)
18 (15 to 22)
16 (13 to 20)
0.01

Ethnicity
White
Other
p
Nationality
British
Other
p
Income deprivation
quintile

11 (8 to 16)
0.53

15 (14 to 17)
12 (7 to 19)
0.32

16 (14 to 17)
7 (4 to 13)
0.01

12 (10 to 15)
13 (10 to 17)
16 (12 to 21)
22 (17 to 27)
17 (13 to 22)
0.002
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Table K18a

Sociodemographic characteristics associated with frequency of alcohol
consumption (Q4_1) among military recruits in a multivariable ordinal regression
model (including ethnicity).
95% Confidence intervals
p

Characteristic

Odds ratio

Lower

Upper

Age

1

0.97

1.03

0.93

Ethnicity
White
Other

1
0.44

0.31

0.65

<0.001

Income deprivation quintile
1 Most deprived
2
3
4
5 Least deprived

1
1.22
1.39
1.43
1.83

0.96
1.07
1.09
1.37

1.55
1.80
1.89
2.44

0.10
0.01
0.01
<0.001

Table K18b Sociodemographic characteristics associated with frequency of alcohol
consumption (Q4_1) among military recruits in a multivariable ordinal regression
model (including nationality).
95% Confidence intervals
p

Characteristic

Odds ratio

Lower

Upper

Age

1.01

0.98

1.04

0.43

Nationality
British
Other

1
0.28

0.19

0.42

<0.001

Income deprivation quintile
1 Most deprived
2
3
4
5 Least deprived

1
1.24
1.43
1.43
1.98

0.98
1.10
1.09
1.48

1.58
1.85
1.89
2.63

0.07
0.007
0.01
<0.001
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Alcohol consumption: Q4_2
The majority of recruits reported that they consumed at least five drinks on a typical
drinking occasion in the past year: 23% typically consumed 5–6 drinks; 23% typically
consumed 7–9 drinks; and 24% typically consumed 10 or more drinks. Less than a
third of recruits consumed fewer than 5 drinks (Figure K14).

There were no significant associations between number of drinks consumed by recruits
on a typical drinking occasion and either age or deprivation (Table K19). However,
significant associations were found for both ethnicity and nationality in univariate and
multivariate analyses (Figures J15 & I16; Table K20). In addition to consuming alcohol
less frequently (see Q4_1), non-white and non-British recruits were significantly less
likely to consume more drinks on a typical drinking occasion than recruits of white
ethnic origin and British nationality, respectively. Non-white recruits therefore had
significantly lower odds of consuming more drinks on a typical drinking occasion. The
comparison between British and non-British recruits produced very similar results.
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How many drinks did you usually have on a typical day/night when
you were drinking in the past year?

Figure K14 Responses to Q4-2 in the Military Pre-training Questionnaire.
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Figure K15

80

Responses to Q4-2 in the Military Pre-training Questionnaire, by ethnicity. *
Significant (p < 0.05) between-group difference.
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Figure K16
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Responses to Q4-2 in the Military Pre-training Questionnaire, by nationality.
* Significant (p < 0.05) between-group difference.

Table K19

Summary of responses to Q4_2 in the Military Pre-training Questionnaire, by
sociodemographic characteristics.
How many drinks did you usually have on a typical day/night
when you were drinking in the past year?

Characteristic

Subjects

Less than 4

5 to 6

7 to 9

10 or more

(%)

% (95%CI)

% (95%CI)

% (95%CI)

% (95%CI)

1918

(100)

31 (28 to 33)

23 (21 to 24)

23 (22 to 25)

24 (22 to 25)

317
557
409
462

(18)
(32)
(23)
(26)

36 (31 to 42)
27 (23 to 30)
27 (23 to 31)
35 (31 to 40)
0.66

19 (15 to 24)
25 (22 to 29)
22 (19 to 27)
22 (19 to 26)
0.70

23 (19 to 28)
23 (19 to 26)
25 (21 to 30)
23 (19 to 27)
0.70

22 (18 to 27)
26 (22 to 30)
25 (21 to 30)
20 (16 to 24)
0.27

1628
117

(93)
(7)

29 (26 to 31)
62 (52 to 70)
<0.001

23 (21 to 25)
17 (11 to 25)
0.146

24 (22 to 26)
15 (9 to 22)
0.019

25 (22 to 27)
7 (4 to 13)
<0.001

1633
112

(94)
(6)

28 (26 to 30)
68 (59 to 76)
<0.001

23 (21 to 25)
17 (11 to 25)
0.146

24 (22 to 27)
9 (5 to 16)
<0.001

24 (22 to 27)
6 (3 to 12)
<0.001

Income deprivation quintile
1 Most deprived
511
2
392
3
304
4
246
5 Least deprived
229
p

(30)
(23)
(18)
(15)
(14)

28 (24 to 32)
31 (26 to 35)
36 (31 to 42)
31 (25 to 37)
31 (25 to 37)
0.19

25 (21 to 29)
21 (17 to 25)
18 (14 to 23)
21 (16 to 26)
24 (19 to 30)
0.53

24 (21 to 28)
25 (21 to 29)
23 (18 to 28)
23 (18 to 29)
23 (18 to 29)
0.64

24 (20 to 28)
24 (20 to 28)
23 (19 to 28)
25 (20 to 31)
21 (17 to 27)
0.73

n
All
Age (years)
17
18–19
20–21
≥22
p
Ethnicity
White
Other
p
Nationality
British
Other
p
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Table K20a

Sociodemographic characteristics associated with number of drinks consumed on
a typical drinking occasion (Q4_2) among military recruits in a multivariable
ordinal regression model (including ethnicity).
95% Confidence intervals
p

Characteristic

Odds ratio

Lower

Upper

Age

0.98

0.95

1.01

0.19

Ethnicity
White
Other

1
0.27

0.18

0.41

<0.001

Income deprivation quintile
1 Most deprived
2
3
4
5 Least deprived

1
0.93
0.83
0.94
0.81

0.73
0.64
0.72
0.61

1.18
1.07
1.24
1.08

0.56
0.15
0.69
0.15

Table K20b

Sociodemographic characteristics associated with number of drinks consumed on
a typical drinking occasion (Q4_2) among military recruits in a multivariable
ordinal regression model (including nationality).
95% Confidence intervals
p

Characteristic

Odds ratio

Lower

Upper

Age

1.00

0.96

1.03

0.75

Nationality
British
Other

1
0.17

0.10

0.27

<0.001

Income deprivation quintile
1 Most deprived
2
3
4
5 Least deprived

1
0.98
0.86
0.95
0.92

0.77
0.66
0.72
0.69

1.24
1.11
1.25
1.22

0.85
0.25
0.71
0.55
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Alcohol consumption: Q4_3
Recruits most commonly reported consuming six or more alcoholic drinks in a single
episode on a weekly basis (35%), with a further 11% doing so more than weekly
(Figure K17). Twenty-four percent of recruits reported drinking 6 or more drinks on one
occasion monthly, whilst 20% consumed this amount occasionally but less than
monthly. Only 5% of recruits never drank six or more drinks in a single drinking
episode.

As observed for Q4_2 (I.e. number of drinks typically consumed on drinking occasion),
age was not significantly associated with frequency of heavy consumption on a single
occasion (Table K21). White and British recruits, however, were significantly more
likely to consume six or more drinks at least weekly compared to those of other ethnic
origin or nationality. By contrast, a significantly higher proportion of non-white and nonBritish recruits reported consuming six or more drinks less than monthly (Figure K18;
Figure K19). There was also a linear association between frequency heaving drinking
on a single occasion and income deprivation with recruits from the most deprived areas
more likely to drink more than six drinks less than monthly.

Ethnicity and nationality were independently associated with frequency of heavy
episodic drinking in multivariable regression analyses; however income deprivation was
not (Tables J22a & I22b).
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Figure K17 Responses to Q4-3 in the Military Pre-training Questionnaire.
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Figure K18 Responses to Q4-3 in the Military Pre-training Questionnaire, by ethnicity.
* Significant (p < 0.05) between-group difference.
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Figure K19 Responses to Q4-3 in the Military Pre-training Questionnaire, by nationality.
* Significant (p < 0.05) between-group difference.
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Table K21

Summary of responses to Q4_3 in the Military Pre-training Questionnaire, by
sociodemographic characteristics.

How often did you have six or more drinks on one occasion?

Characteristic

Subjects

Less than monthly

Monthly

Weekly or more

(%)

% (95%CI)

% (95%CI)

% (95%CI)

1915

(100)

29 (27 to 31)

24 (23 to 26)

47 (44 to 49)

316
557
409
461

(18)
(32)
(23)
(26)

37 (32 to 42)
26 (22 to 29)
25 (21 to 29)
31 (27 to 36)
0.32

23 (19 to 28)
26 (23 to 30)
26 (22 to 30)
23 (19 to 27)
0.70

40 (34 to 45)
48 (44 to 52)
49 (45 to 54)
46 (41 to 50)
0.21

1628
115

(93)
(7)

28 (25 to 30)
50 (41 to 59)
<0.001

25 (23 to 27)
19 (13 to 27)
0.15

47 (45 to 50)
30 (23 to 39)
<0.001

1633
110

(94)
(6)

27 (25 to 29)
59 (50 to 68)
<0.001

25 (23 to 27)
17 (11 to 25)
0.06

48 (45 to 50)
24 (17 to 32)
<0.001

Income deprivation quintile
1 Most deprived
511
2
392
3
303
4
246
5 Least deprived
229
p

(30)
(23)
(18)
(15)
(14)

31 (27 to 35)
30 (26 to 35)
30 (25 to 35)
26 (21 to 31)
23 (18 to 29)
0.02

22 (18 to 25)
26 (22 to 30)
26 (21 to 31)
28 (23 to 34)
27 (22 to 33)
0.05

48 (43 to 52)
44 (39 to 49)
44 (39 to 50)
46 (40 to 53)
50 (44 to 57)
0.65

n
All
Age (years)
17
18–19
20–21
≥22
p
Ethnicity
White
Other
p
Nationality
British
Other
p
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Table K22a

Sociodemographic characteristics associated with frequency of drinking six or
more drinks on one occasion (Q4_3) among military recruits in a multivariable
ordinal regression model (including ethnicity).
95% Confidence intervals
p

Characteristic

Odds ratio

Lower

Upper

Age

1.00

0.97

1.03

0.95

Ethnicity
White
Other

1
0.44

0.30

0.64

<0.001

Income deprivation quintile
1 Most deprived
2
3
4
5 Least deprived

1
0.94
1.01
1.20
1.15

0.74
0.78
0.90
0.83

1.20
1.32
1.59
1.59

0.62
0.92
0.22
0.41

Table K22b

Sociodemographic characteristics associated with frequency of drinking six or
more drinks on one occasion (Q4_3) among military recruits in a multivariable
ordinal regression model (including nationality).
95% Confidence intervals
p

Characteristic

Odds ratio

Lower

Upper

Age

1.02

0.99

1.05

0.25

Nationality
British
Other

1
0.22

0.14

0.35

<0.001

Income deprivation quintile
1 Most deprived
2
3
4
5 Least deprived

1
0.94
1.02
1.24
1.17

0.74
0.78
0.93
0.85

1.19
1.32
1.65
1.62

0.60
0.90
0.15
0.34
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Alcohol consumption: AUDIT-C
The mean AUDIT-C score among recruits in this study, which is calculated based on
responses to Q4_1, Q4_2 and Q4_3, was 6.90 (6.77 to 7.03; Table K23). Eighty-five
percent (84 to 87%) of recruits reported hazardous drinking (AUDIT-C score ≥4) while
79% (77 to 81%) reported potential problem drinking, indicated by an AUDIT-C score
≥5 (Reinert & Allen, 2007).

AUDIT-C scores by sociodemographic characteristics are shown in Table K23. White
recruits had a significantly higher AUDIT-C score than those of non-white ethnicity, with
similar results observed for recruits of British versus non-British nationality (Figure
K20). There was also evidence of higher AUDIT-C scores among recruits living in less
deprived areas at selection. In a multiple linear regression model, however, only
ethnicity and nationality were negatively associated with AUDIT-C score: recruits of
non-white ethnic origin and non-British nationality were significantly less likely to selfreport higher AUDIT-C scores (Table K24a & Table K24b).

8
7

AUDIT-C score

6

*
*

5
4
3
2
1
0
White

Other
Ethnicity

Figure K20
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British

Other
Nationality

Mean AUDIT-C score, by ethnicity and nationality. * Significant (p < 0.05)
between-group difference.

Table K23

Mean AUDIT-C score by sociodemographic characteristics.

Characteristic

All

Subjects

AUDIT-C score

n

(%)

mean (95%CI)

1913

(100)

6.9 (6.8 to 7.0)

316
557
407
461

(18)
(32)
(23)
(26)

6.5 (6.1 to 6.8)
7.1 (6.9 to 7.4)
7.3 (7.0 to 7.5)
6.6 (6.3 to 6.9)
<0.001

1626
115

(93)
(7)

7.1 (6.9 to 7.2)
4.7 (4.0 to 5.3)
<0.001

1631
110

(94)
(6)

7.1 (6.9 to 7.2)
4.2 (3.6 to 4.8)
<0.001

510
391
303
246
229

(30)
(23)
(18)
(15)
(14)

6.8 (6.5 to 7.1)
6.9 (6.6 to 7.1)
6.8 (6.5 to 7.2)
7.0 (6.6 to 7.4)
7.2 (6.9 to 7.6)
0.43

Age
17
18–19
20–21
≥22
p
Ethnicity
White
Other
P
Nationality
British
Other
p
Income deprivation quintile
1 Most deprived
2
3
4
5 Least deprived
p
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Table K24a

Sociodemographic characteristics associated with mean AUDIT-C score among
military recruits in a multivariable linear regression model (including ethnicity).
95% Confidence intervals

Characteristic

Beta

Lower

Upper

Age

-0.02

-0.07

0.03

Ethnicity
White
Other

Ref
-2.30

-2.90

-1.70

Income deprivation quintile
1 Most deprived
2
3
4
5 Least deprived

Ref
0.00
0.00
0.11
0.27

-0.39
-0.42
-0.33
-0.19

0.38
0.41
0.55
0.72

Table K24b

p
0.36

<0.001

0.99
0.98
0.62
0.41

Sociodemographic characteristics associated with mean AUDIT-C score among
military recruits in a multivariable linear regression model (including nationality).
95% Confidence intervals

Characteristic

Beta

Lower

Upper

Age

0.01

-0.04

0.05

Nationality
British
Other

Ref
-3.19

-3.82

-2.56

Income deprivation quintile
1 Most deprived
2
3
4
5 Least deprived

Ref
0.08
0.07
0.10
0.50

-0.30
-0.34
-0.33
0.05

0.46
0.48
0.54
0.95
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p
0.82

<0.001

0.67
0.73
0.64
0.03

Smoking: Smoking status
Almost half (49%) of infantry recruits who completed the MPQ reported being regular
smokers, whilst a further 5% occasionally smoked. Nineteen percent of recruits used to
smoke and 27% reported having never smoked.

Smoking prevalence did not vary by income deprivation but, as with other behaviours,
varied significantly by ethnicity and nationality (Figure K21; Table K25). The proportion
of white recruits who reported being current smokers was almost double that of nonwhite recruits. Similarly, a much higher proportion of British recruits smoked compared
to their non-British counterparts.

When entered into a logistic regression model that also adjusted for age, ethnicity and
nationality were independently associated with current smoking, while deprivation was
not (Tables J26a & I26b).

70

60

50
Percentage

*

40

*

30

20

10

0
White

Other
Ethnicity

Figure K21

British

Other
Nationality

Current smoking status among British Army Infantry recruits, by ethnicity and
nationality. * Significant (p < 0.05) between-group difference.
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Table K25

Current smoking status among British Army Infantry recruits, by
sociodemographic responses.

Characteristic

Subjects
n

All
Age (years)
17
18–19
20–21
≥22
p
Ethnicity
White
Other
p
Nationality
British
Other
p
Income deprivation quintile
1 Most deprived
2
3
4
5 Least deprived
p

Table K26a

Current smokers

(%)

% (95%CI)

1913

(100)

54 (52 to 56)

320
547
410
463

(18)
(31)
(24)
(27)

53 (48 to 59)
52 (48 to 56)
55 (51 to 60)
56 (52 to 61)
0.24

1623
117

(93)
(7)

56 (54 to 59)
29 (22 to 38)
<0.001

1629
111

(94)
(6)

56 (54 to 59)
25 (18 to 34)
<0.001

519
387
306
239
227

31
23
18
14
14

53 (49 to 58)
55 (50 to 60)
51 (45 to 57)
58 (51 to 64)
58 (52 to 64)
0.23

Sociodemographic characteristics associated with being a current smoker among
military recruits in a multivariable logistic regression model (including ethnicity).
95% Confidence intervals
p

Characteristic

Odds ratio

Lower

Upper

Age

0.97

0.93

1.00

0.04

Ethnicity
White
Other

1
3.26

2.08

5.09

<0.001

Income deprivation quintile
1 Most deprived
2
3
4
5 Least deprived

1
0.95
1.12
0.83
0.88

0.73
0.84
0.61
0.64

1.24
1.49
1.14
1.21

0.71
0.43
0.25
0.44
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Table K26b

Sociodemographic characteristics associated with being a current smoker among
military recruits in a multivariable logistic regression model (including nationality).
95% Confidence intervals
p

Characteristic

Odds ratio

Lower

Upper

Age

0.96

0.92

0.99

0.011

Nationality
British
Other

1
4.33

2.63

7.11

<0.001

Income deprivation quintile
1 Most deprived
2
3
4
5 Least deprived

1
0.91
1.08
0.84
0.79

0.70
0.81
0.61
0.57

1.19
1.44
1.14
1.08

0.49
0.60
0.26
0.14

Smoking: CDS-5
The mean score on the Cigarette Dependency Scale-5 among current smokers was
15.2 (15.0 to 15.5; Table K27). Age was significantly associated with mean CDS-5
score in univariate analyses. Post-hoc tests revealed that those aged 17 and 18-19,
had significantly higher mean scores than those aged 22 and over.

CDS-5 score did not significantly vary by ethnicity or income deprivation. However,
non-British recruits who smoked had significantly lower CDS-5 scores than British
recruits who smoked.

In multivariate analyses, the regression model that adjusted for age, income
deprivation and ethnicity revealed no significant independent associations with CDS-5
score (Table K28a). However, nationality was significantly associated with CDS-5
score in a separate model, also adjusting for age and income deprivation (Table K28b).
Specifically, among current smokers, being non-British was associated with a 7 unit
lower average CDS-5 score.
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Table K27

Mean CDS-5 score by sociodemographic characteristics.

Characteristic

Subjects

n
All

CDS-5 score

(%)

mean (95%CI)

975

(100)

15.2 (15.0,15.5)

163
275
212
239

(18)
(31)
(24)
(27)

15.7 (15.1,16.3)
15.5 (15.0,15.9)
15.2 (14.7,15.7)
14.4 (13.9,14.9)
0.003

854
35

(96)
(4)

15.2 (14.9,15.4)
14.8 (13.4,16.3)
0.63

863
26

(97)
(3)

15.2 (14.9,15.5)
13.5 (11.8,15.2)
0.04

Age
17
18–19
20–21
≥22
p
Ethnicity
White
Other
p
Nationality
British
Other
p
Income deprivation quintile
1 Most deprived
2
3
4
5 Least deprived
p
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269
201
147
129
115

(31)
(23)
(17)
(15)
(13)

15.3 (14.8 to 15.7)
15.4 (14.8 to 15.9)
14.7 (14.0 to 15.4)
15.2 (14.4 to 15.9)
15.1 (14.4 to 15.8)
0.59

Table K28a

Sociodemographic characteristics associated with mean CDS-5 score among
military recruits in a multivariable linear regression model (including ethnicity).
95% Confidence intervals
p

Characteristic

Beta

Lower

Upper

Age

-0.13

-0.22

-0.04

0.007

Ethnicity
White
Other

1
-0.27

-1.67

1.13

0.70

Income deprivation quintile
1 Most deprived
2
3
4
5 Least deprived

1
0.08
-0.49
-0.12
-0.18

-0.65
-1.30
-0.96
-1.06

0.81
0.32
0.72
0.70

0.83
0.24
0.77
0.68

Table K28b

Sociodemographic characteristics associated with mean CDS-5 score among
military recruits in a multivariable linear regression model (including nationality).
95% Confidence intervals
P

Characteristic

Beta

Lower

Upper

Age

-0.12

-0.21

-0.03

0.01

Nationality
British
Other

1
-1.32

-3.00

0.37

0.13

Income deprivation quintile
1 Most deprived
2
3
4
5 Least deprived

1
0.12
-0.44
-0.12
-0.09

-0.62
-1.25
-0.96
-0.97

0.85
0.37
0.72
0.80

0.75
0.29
0.78
0.85

Smoking: change in smoking status pre- and post-training
Of the 268 recruits who were current smokers when completing the MPQ and also
completed the Exit Questionnaire (EQ), 257 (96%) were still current smokers when
they completed training or were discharged. There was a 0.8 (0.4 to 1.2) mean
increase in the CDS-5 score among recruits who reported being current smokers in the
MPQ and EQ (p < 0.001). This was partly due to a slight increase in reported addiction
to cigarettes (mean difference = 3.0, -0.2 to 6.3; p = 0.07) and mean number of
cigarettes smoked per day (mean difference = 2.4, 1.9 to 3.0), p < 0.001].
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Appendix L Full results from Chapter 6 including
sensitivity analyses
Table L1

Variable

Association between sociodemographic factors and co-occurrence of unhealthy
behaviours (0, 1 or 2, 3 or 4) using ordinal regression analysis.

Level of variable

Exp (B)
odds ratio

n

95% CI

p value

Age (years)

Ethnicity

Income
deprivation

356

16-17

289

0.87

0.66

to 1.16

0.34

18-19

508

1.11

0.87

to 1.42

0.41

20-21

374

1.25

0.96

to 1.62

0.10

≥22

419

Ref

White

1491

Ref

Other

99

0.33

0.22

to 0.50

<0.001

1 Most deprived

483

Ref

2

371

1.05

0.81

to 1.35

0.71

3

287

0.74

0.56

to 0.97

0.03

4

229

0.93

0.69

to 1.24

0.62

5 Least deprived

220

1.00

0.74

to 1.35

1.00

Table L2

Variable

Association between sociodemographic factors and co-occurrence of unhealthy
behaviours (adjusting for nationality instead of ethnicity).

Level of variable

n

Two
unhealthy behaviours
(vs no or one unhealthy
behaviours)

Three or four
unhealthy behaviours
(vs no or one unhealthy
behaviours)

OR

p value

OR

95% CI

95% CI

p value

Age (years)

Nationality

16-17

289

0.66

0.44 to 0.99

0.04

0.70 0.47

to 1.04

0.08

18-19

508

0.71

0.50 to 1.01

0.06

0.93 0.65

to 1.32

0.67

20-21

374

0.99

0.67 to 1.45

0.95

1.23 0.84

to 1.79

0.30

≥22

419

Ref

1500

Ref

to 0.25

<0.001

British
Other

Income
deprivation

Table L3

90

0.20

1 Most deprived

483

Ref

2

371

3

Ref
Ref
0.11 to 0.34

<0.001

0.14 0.07

1.11

0.77 to 1.60

0.58

1.14 0.80

to 1.62

0.46

287

0.95

0.65 to 1.39

0.80

0.70 0.48

to 1.02

0.06

4

229

1.19

0.79 to 1.81

0.41

0.96 0.63

to 1.44

0.83

5 Least deprived

220

1.34

0.87 to 2.08

0.18

1.21 0.79

to 1.86

0.37

Ref

Prevalence and prevalence odds ratios of pairs of unhealthy behaviours
(unadjusted).

Unhealthy behaviour
combination
na

P (%)

POR (95% CI)

Wald

P

Smoking /
harmful drinking

887

48.7

4.1 (3.2 to 5.3)

122.6

<0.001

Smoking /
low fruit & veg

612

33.6

1.1 (0.9 to 1.3)

1.1

Smoking /
low activity

255

14.0

1.5 (1.2 to 1.9)

12.5

Harmful drinking /
low fruit & veg

898

49.3

1.3 (1.0 to 1.6)

5.0

0.03

Harmful drinking /
low activity

334

18.3

1.2 (0.9 to 1.5)

1.0

0.31

Low activity /
low fruit & veg

277

15.2

1.5 (1.2 to 1.8)

10.0

0.002

0.30

<0.001
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Table L4

Variable

Association between ordinal smoking variable (exposure) and alcohol
consumption (outcome).

n

Exp (B)
odds
ratio

Never smoker

426

Ref

Ex-smoker

294

1.60

1.14

1-10 cigs/day

492

3.67

>10 cigs/day

323

7.24

Level of variable

95% CI

p

to

2.25

0.01

2.61

to

5.15

<0.001

4.47

to

11.74

<0.001

Smoking
status

Note: Adjusted for age, ethnicity and income deprivation.

Table L5

Association between ordinal physical activity variable (exposure) and smoking
status (outcome).

Variable

Level of
variable

n

Exp (B)
odds
ratio

70

Ref

288

0.76

0.43

528

0.67

523
181

95% CI

p

to

1.35

0.35

0.39

to

1.15

0.15

0.50

0.29

to

0.86

0.01

0.27

0.15

to

0.49

<0.001

Activity level
compared to others
Much less
active
Less active
About the
same
More active
Much more
active

Note: Adjusted for age, ethnicity and income deprivation.
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Table L6

Association between ordinal physical activity variable (exposure) and fruit and
vegetable consumption (outcome).

Level of
variable

Variable

n

Exp (B)
odds
ratio

70

Ref

288

1.51

0.87

528

1.25

523
181

95% CI

p

to

2.59

0.14

0.75

to

2.10

0.39

0.84

0.51

to

1.41

0.52

0.58

0.33

to

1.02

0.06

Activity level
compared to others
Much less
active
Less active
About the
same
More active
Much more
active

Note: Adjusted for age, ethnicity and income deprivation.

Table L7

Variable

Association between sociodemographic factors and co-occurrence of unhealthy
behaviours among British Army infantry recruits including data on recruits with
missing sociodemographic data.

Level of
variable

Two
unhealthy behaviours
(vs no or one unhealthy
behaviours)
n

OR

95% CI

Three or four
unhealthy behaviours
(vs no or one unhealthy
behaviours)
p

OR

95% CI

p

Age (years)

Ethnicity

Income
deprivation

17

298

Ref

18-19

528

1.14

0.79 to 1.65

0.50

1.34

Ref
0.93 to 1.91

0.11

20-21

391

1.53

1.02 to 2.29

0.04

1.70

1.15 to 2.52

0.01

≥22

441

1.25

0.85 to 1.83

0.26

1.15

0.79 to 1.69

0.46

Missing

165

1.10

0.53 to 2.28

0.80

1.07

0.52 to 2.21

0.85

0.21 to 0.54

<0.001

0.26

0.16 to 0.44

<0.001

*

*

White

1549

Ref

Other

109

0.33

Ref

Missing

165

*

1 Most deprived

488

Ref

2

371

1.03

0.71 to 1.48

0.88

3

289

0.88

0.61 to 1.28

0.50

4

230

1.15

0.76 to 1.74

5 Least deprived

221

1.13

Missing

224

1.06

*

*

*

*

*

1.07

0.76 to 1.52

0.70

0.65

0.45 to 0.95

0.02

0.50

0.94

0.63 to 1.42

0.78

0.73 to 1.73

0.58

1.03

0.68 to 1.57

0.88

0.57 to 1.98

0.85

0.91

0.49 to 1.69

0.77

Ref

* The missing category of the Ethnicity variable is redundant because the same cases are included in the
missing category of the Age variable.
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Appendix M Results from Chapter 7 sensitivity
analyses
Table M1

Multivariate Cox regression results for any injury and any time-loss injury among
British Army infantry recruits when entering risk factors simultaneously into the
model.
Any injury

Variable

Level of
variable

n

Time Loss injury

HR

95% CI

Body mass (kg)

Prior shin pain
Injury in past 12
months

n

p

301

1

Referent

302

1

62 - 68

296

0.79

0.64 to 0.98

0.03

300

0.79

0.59 to 1.05

0.11

68 - 72

315

0.74

0.60 to 0.91

0.005

313

0.91

0.69 to 1.20

0.50

72 - 79

291

0.82

0.67 to 1.01

0.06

295

1.03

0.78 to 1.35

0.85

79 - 103

312

0.72

0.58 to 0.89

0.002

311

0.72

0.54 to 0.97

Referent

0.001

0.03
0.001

456 - 575

306

1

Referent

305

1

575 - 604

297

1.14

0.92 to 1.42

0.24

300

1.22

0.91 to 1.65

0.18

604 - 629

310

1.32

1.06 to 1.63

0.01

311

1.29

0.96 to 1.74

0.09

629 - 662

308

1.32

1.06 to 1.63

0.01

308

1.37

1.02 to 1.84

0.04

662 - 762

294

1.58

1.27 to 1.96

<0.001

297

1.86

1.39 to 2.48

<0.001

No

835

1

Yes

686

1.14

Referent 1302

1

No

1295

1

Yes

220

1.22

No

1181

1

Yes

334

1.17

1.01 to 1.46

0.04

219

1.63

429
300
487
305

1
1.15
1.26
1.17
1.14

Non-smoker
0.1 - 2.6
2.6-5.0
5.0+

734
259
264
258

1
1.06
1.21
1.09

Referent

Referent
0.96 to 1.36

0.15
Referent

1.30 to 2.05

<0.001

Referent
1.00 to 1.37

0.05

Never smoker
Ex smoker
1-10 cigs/day
>10 cigs/day

a

95% CI

0.06

Smoking status

Cigarette pack
years a

HR

47 - 62

2.4 km run-time (s)

Prior fracture

p
0.02

0.88 to 1.28
1.01 to 1.45
0.90 to 1.31

0.88
1.00
0.90
0.96

to
to
to
to

1.50
1.59
1.52
1.36

0.29
Referent
0.32
0.05
0.25
0.15

0.21
Referent
0.55
0.04
0.40

Note: One pack-year of smoking would mean that someone had smoked, on average, one pack of
cigarettes (20 cigarettes) daily for one year. Only risk factors that were significant at the p<0.10 level in
univariate analyses were entered into the model.
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Table M2

Multivariate Cox regression results for any injury and any time-loss injury among
British Army infantry recruits with 2.4 km run time during week one entered
instead of run time at selection.
Any injury

Variable

Level of
variable

Time Loss injury

n

HR

47 - 62

233

1

62 - 68

240

0.82

68 - 72

246

0.74

72 - 79

235

79 - 103

252

95% CI

n

HR

Referent

240

1

0.65 to 1.03

0.09

252

0.80

0.59 to 1.10

0.17

0.59 to 0.93

0.01

253

0.82

0.60 to 1.11

0.19

0.82

0.65 to 1.03

0.09

249

0.99

0.74 to 1.33

0.96

0.66

0.52 to 0.83

<0.001

264

0.67

0.49 to 0.92

Body mass (kg)

Prior shin pain

Table M3

226

1

Referent

230

1

578 - 603

241

1.15

0.89 to 1.47

0.28

250

1.21

0.85 to 1.72

603 - 627

240

1.49

1.17 to 1.89

<0.001

255

1.54

1.10 to 2.16

0.01

627 - 659

246

1.48

1.16 to 1.89

<0.001

258

1.89

1.35 to 2.63

<0.001

659 - 930

253

1.86

1.47 to 2.37

<0.001

1.54 to 2.98

No
No

959

1

265

2.14

1074

1

184

1.61

Yes

247

1.25

Prior shin pain
Injury in past 12
months

Referent
0.29

<0.001
Referent

1.26 to 2.06

<0.001

Referent
1.05 to 1.49

0.01

Multivariate Cox regression results for any injury and any time-loss injury among
British Army infantry recruit, adjusted for season in which recruits commenced
training.

Level of
variable

n

Time Loss injury

HR

95% CI

p value

n

0.007
47 - 62

322

1.00

62 - 68

319

0.78

68 - 72

334

72 - 79
79 - 103

HR

95% CI
1

0.05

310

0.76

0.57 1.02

0.07

0.64 0.96

0.02

311

0.90

0.68 1.18

0.42

0.73

0.60 0.89

0.002

324

1.01

0.77 1.32

0.95

318

0.84

0.69 1.02

0.08

308

0.72

0.54 0.96

0.02

332

0.71

0.58 0.87

0.001

326

0.00

0.00 0.00

<0.001
480 - 578

322

1

578 - 603

318

1.16

603 - 627

335

1.31

627 - 659

332

659 - 930

318

0.34
0.001

Referent

310

1

0.94 1.43

0.18

311

1.25

0.93 1.68

0.13

1.07 1.61

0.01

324

1.29

0.96 1.73

0.09

1.32

1.07 1.63

0.009

308

1.35

1.01 1.82

0.04

1.59

1.29 1.96

<0.001

326

1.88

1.41 2.50

<0.001

0.97 1.39

0.10

1.20 1.89

<0.001

No

858

1

Yes

721

1.16

No

p value

Referent

2.4 km run-time

Prior fracture

0.01
<0.001

480 - 578

Body mass (kg)

at week 1 (s)

Referent

<0.001

Any injury
Variable

p
0.05

Yes
Injury in past 12
months

95% CI

0.01

2.4 km run-time
at week 1 (s)

p

1387

1

Yes

238

1.19

No

1268

1

Yes

357

1.22

0.99 1.42

Referent

1

0.06

1.50

Referent

Referent
1.04 1.42

0.01

361

