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Background

In 2008, the Ministry of Defence (MOD) commission€ihetiQ" to prepare military

Dietary Reference Values (DRVs) for energy and ientr intakes specifically for

training and operational (T&O) military personnehon-operational/non-training
(NONT) military personnel and adolescents in nmijitaraining (Casey, 2008). The
military energy intake recommendations informéd MOD’s policy document on

catering food provision and nutrition (MOD, 2016hieh aims to provide Armed Forces
personnel with the energy required to fulfil themlitary roles. However, the UK

military DRVs drew extensively on military researahd recommendations from the
United States, and were largely based on historm@sical activity and body

composition data.

The principal differentiators between personnehwéspect to the guidance presented by
the military DRVs are males vs. females and T&O NQNT. These differentiators
drive the energy requirement (which is modified pbwysical activity level during T&O),
and in turn the nutrient requirements. The ddt@rming energy provision in the current
military DRVs are largely Army-centric, and do niatke into account the other UK
military services (namely, Royal Navy (RN) and Rloydar Force (RAF)), which
undertake military training as well as land andion-land operational deployments. In
terms of macronutrient intakes, the current guidaffor carbohydrates and protein)
draws on the American College of Sports Medicinmjefican Dietetic Association and
Dietitians of Canada guidance (ACSM, ADA, DC, 2008hd recommendations
published by the International Olympic Committeedidal Commission (IOC, 2003a,
2003b). They are therefore based on evidence fthitetic populations undertaking
sports training and competition rather than beperdic to military populations.

At the time of drafting the military DRViCasey, 2008), there was a lack of studies that
had investigated military populations undertakimgupational roles. Moreover, limited
data were available describing the nutritional mneuents of UK personnel undertaking
military training, as well as land and sea operetio Thus, the evidence informing the
military DRVs was somewhat limited in its scope.owéver, since publishing the

1

QinetiQ is a British multinational defence techrpl@ompany, with its headquarters in Farnborough,
Hampshire, UK. It originated from the former UK @onment Defence Evaluation and Research Agency
(DERA), following privatisation in June 2001.



military DRVs, work commissioned by the Army Red¢ig and Training Division
(ARTD) of the British Army, and a programme of wotksked by the UK MOD’s
Surgeon General (see paragraph 5), has gatheradrdat UK military personnel — in
training and on operations — to address a numbtreadilitary DRV limitations from an
energy requirements perspective.

The primary objective of the ARTD-commissioned waras to assess the physical
demands of Army initial military training for redts and officer cadets, and comment on
its acceptability in terms of achieving the phyki¢eaining objectives (Shaw &
Fallowfield, 2014). A secondary, but nonetheless important, ohjectof the
commissioned studies was to gather evidence relatednergy balance across the
training programmes.

The Surgeon General's Armed Forces Feeding Prbjgstevaluated the adequacy of
feeding provision in training (Fallowfielet al., 2010a; Linnanet al.,2010; Dziubalet
al., 2011; Fallowfieldet al.,2012a; Fallowfielcet al.,2012b), and on operations on land
(Fallowfield et al.,2014)and at sea (Fallowfieldt al.,2012c; Fallowfieldet al., 2013).
The adequacy of feeding provision for UK militagles, in training and on operations,
was assessed in terms of the physical demands sthdaged energy requirements
(relative to the energy intakes) and associatedgd® in physical fitness and body
composition. This work (which involved all thredlitary services) has provided an
expanded evidence base to inform the required grnayision to UK Armed Forces
personnel.

Over recent years, evidence has emerged to sudfgaistthe wider societal trends
towards increased body mass and obesity are atsalpnt in the Armed Forces (Wood,
2007; Shawet al, 2013). A study investigating the prevalence dksty in RN
personnel, showed that 23% and 37% of male andléepaaticipants respectively were
classified as being at risk of obesity-related a&s, as assessed by measurements of
their waist circumferendg&hawet al, 2013). This risk has been shown to increaske wit
age (Sundinet al, 2011). Moreover, whilst initial (Phaseliilitary training is
associated with a reduction in body fat on entrythte Armed Forces, this is not
maintained during (Phase-2) trade training (Shaw F&llowfield, 2013). It is
hypothesised that this is most likely as a consecgieof a poor diet (Shaw &
Fallowfield, 2013). The health and economic impaaft overweight and obesity on the
UK Armed Forces are considerable. For exampléherRN, excess body mass has been
associated with 1) an increased risk of injury dBer, 2003); 2) a higher risk of being
medically downgraded as unfit for duty (Benredtial.,2011); 3) a reduced self-reported
ability to work (Bennett & Bridger, 2010).

Nutrition is fundamental to military physical capélp, as well as the health and well-
being of personnel. The implications of having eonty nourished force are

2 This review was undertaken at the request of tiréstly of Defence who provided access to a nunatber
internal Institute of Naval Medicine (INM), OptimRlerformance Limited and Defence Science and Tdagno
Laboratory (Dstl) reports which are included in teéerence list. Documents are available as fatdhNM
reports from the INM librarian &lAVYINM-CSINFOLIBAO@mod.ukOptimal Performance Limited and
Dstl reports from the Dstl Knowledge Services Infiation Centre dtnowledgeservices@dstl.gov.uk

% Military training in the UK is divided into phase$training. Phase-1 training refers to ‘initiallitary
training’, where the purpose is to turn civiliansoi partly trained service personnel. This tragnsmcompleted
through Phase-2 training, where recruits and afiteelets learn their specific trade or specialisat will
support their professional role within the Armeddes.
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considerable. These include 1) increased riskllofigalth; 2) increased associated
medical care costs; 3) a reduced number of militpeysonnel on duty due to
absenteeism; 4) reduced operational readinesedgased retention of personnel (Dall
et al., 2008; McLaughlin & Wittert, 2009). A rediart in military personnel and the
prevailing tempo of operational commitments makeahsolutely necessary fatl UK
military personnel to be ready and fit to depldds such, it is therefore imperative that
measures are taken to promote optimal health atibessy, as well as to reverse any
trends towards adverse health indicators. Didbatgnce and nutritional quality of the
food provision, and the nutritional (energy) intakdf Armed Forces personnel, need to
be improved to be consistent with national guidsdifior healthy eating. Moreover, the
MOD requires a tighter specification to ensure #adernal agencies (contract caterers)
procure and cater to the necessary standards ievach healthier provision.

Since 2011, Government Departments and Agencie® lmeen required to meet
Government Buying Standards for Food and Caterieyi€es (GBSF) as part of the
Greening Government Commitments. The MOD was gi@enexemption for active
service/training personnel, where standards hada@dyr been set given the higher
assessment of need in these situations. GBSFrireswitritional and environmental
criteria for awarding food service/catering delivéo reduce energy, salt, saturated fat
and sugar content while increasing the provisiorfroit & vegetables, oily fish and
dietary fibre.

Against this background, the MOD asked the ScientAdvisory Committee on
Nutrition (SACN) to consider whether the recentdevice describing the energy
requirements of military personnel was sufficiematiow UK military DRVs for energy
to be updated, applying the approach used to deterthe revised DRVs for energy for
the general population in 20BACN, 2011). The Institute of Naval Medicine
requested advice on military-specific DRVs for thasles and/or activities where there
were evidenced energy expenditures that were diffefrom the estimated average
requirements (EAR) for UK population subgroups.

Terms of Reference for the Military DRV for Energyorking Group
The terms of reference for the Military DRV for Egg Working Group were to:

. Provide recommendations for estimated DRVs for gyndor those military
occupational roles that have evidenced requirendiffeyent from the estimated
average requirements for UK population subgroupsmemended by SACN in
2011.

. Provide recommendations that take into accountrenment and relevant
population descriptors such as age, body sizeu@ly consideration of body
composition), levels of physical activity, and gend

. Consider the implications of these energy recommagomals for the nutrient
requirements of UK military populations — espegiatl terms of macronutrient
requirements for high energy occupational roles.
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In addressing these terms of reference, this posgtatement: considers the available
evidence related to the energy requirements oftanylipersonnel; identifies evidence
gaps and how these could be addressed; and mat@®mmendations for DRVs for
energy for military personnel.

Due to limitations in the availability of specifitata and the importance of delivering
recommendations within a reasonable time, this oh@cu provides a position statement
rather than a full risk assessment report.

Dietary Reference Values for energy for the genetdK population: SACN’s 2011
report

In 2011, SACN reviewed the DRVs for energy for gemeral UK population, updating
the Committee on Medical Aspects of Food Policy MX) recommendations published
in 1991 (COMA, 1991).

For most nutrients, the Dietary Reference Valugéntified as the Reference Nutrient
Intake (RNI), which is the intake sufficient to ni¢lee requirements of 97.5% of people
in a group. However, for dietary energy, the DR\dé&dined differently i.e. it is equal to
the EAR. The RNI for dietary energy is not usedt aspresents an excess energy intake
for the majority of the population.

The 2011 report used a “prescriptive” approacmaisi Body Mass Index (BMI) of 22.5

kg/m?, to devise energy requirements. In recognitiai the UK population had a high

and increasing proportion of overweight and obeshviduals it set energy reference
values in relation to body weights that were likedybe consistent with general health.
Adoption of these prescriptive values by groupsviibdy weights below or above such
ranges would tend to mediate weight change towduelfiealthier, more desirable body
weight range.

The SACN Framework for the Evaluation of EvidenSACN, 2012) was used as the
basis for identifying and assessing published exadeon Total Energy Expenditure

(TEE), which was used to guide derivation of energfgrence values. Only studies
using the Doubly Labelled Water (DLW) method to swea TEE were considered. The
DLW method (International Atomic Energy Agency, 200s generally recognised as

the most accurate measure of free-living TEE ctlyesvailable. DLW measures the

rate of carbon dioxide production, and hence TEHrae-living subjects over a period

of several days to several weeks, providing moirate measures of TEE than other
non-calorimetric methods (e.g. heart rate monitprithevine, 2005).

A factorial approach was adopted to derive eneeguirements based on the assumption
that TEE (or EAR) is equal to basal metabolic rd@&R) x physical activity level
(PAL). TEE values were measured in a referencelptipn using the DLW method and
divided by estimated BMR values to extract PAL ealu This means that the reference
populations studied by DLW were described primakly PAL values. For the UK
population, BMR values were then estimated from BpBdiction equations (the Henry
equation) (Henry, 2005) using relevant anthropoimetata from the population. The
PAL values derived from the reference populatiomengsed to estimate TEE and EAR
values for the UK population, based on the latt&fR values. A population average
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value (median) for PAL, as well as the extent taclht is lower (2§‘ percentile) or
higher (7% percentile) for less or more active populationug® was also provided.

Dietary Reference Values for energy for the UK Mary Population: Approaches and
Methods

A range of methods has been used to estimate eegmpnditure in UK Armed Forces
personnel, in training and on operations. Thes¢hoas have included the DLW
method, physical activity diaries, task analysiegjionnaires, heart rate monitoring,
analysis of global position system data and anslykaccelerometer data (Fallowfiedtl
al.,, 2010a; Linnaneet al, 2010; Dziubaket al, 2011; Fallowfield et al., 2012a;
Fallowfield et al, 2012b; Fallowfielcet al, 2012c; Fallowfielcet al, 2013; Fallowfield
et al.,2014; Shaw & Fallowfield, 2014).

Consistent with the methods adopted to derive DRWsenergy for the general UK

population, the present review of military energguirements only considered data from
studies using the DLW method to measure TEE. A mehensive analysis and

discussion of these DLW studies is provided ingheex to this position statement.

The section that follows addresses a series oftignssthat were posed by the working
group. This allowed the working group’s terms ofference to be addressed
systematically and the data available to be teaggminst the approach taken in SACN’s
2011 report.

Do the studies examined represent all tgdsaining in the military services?

DLW data were collated from Army and RAF Phase-itiah military training (see
paragraph 6). Army Phase-1 training is longer tRaA# training (15 weeks & 10 weeks
respectively) and deemed to be more physically deliing. DLW data are not available
for RN Phase-1 training. However, from a comparisbmecruit demographics, entry
physical fitness requirements, training programmaration, physical training
progression, physical training intensities, andspas physical fithess requirements, it
could be considered to be equivalent to RAF Phaseitiing (Linnaneet al, 2010;
Dziubaket al, 2011).

DLW data were also collated from longer duration amore physically arduous Army
initial military training programmes, which prepdr@ersonnel for Dismounted Close
Combat (DCC) roles (Shaw & Fallowfield, 2014). Thwst arduous initial military
programme was that supporting the Parachute Regit&raw & Fallowfield, 2014),
where the energy requirements for Parachute Regireeruits (from a consideration of
physical fitness requirements, training programmaration, physical training
progression and physical training intensities) widog similar to those of Royal Marine
(RM) recruits (Daveyet al, 2010; Daveyet al, 2011).Similarly, male Army officer
cadet energy requirements would be similar to thotanale RM young officers
undertaking military training (Fallowfieldt al, 2010b; Fallowfieldet al, 2011).Whilst

a similar argument could also be made that they @aikergy requirements of RAF and
RN officer cadets would be similar to those of RARd RN recruits, officer cadet
programmes are significantly longer in durationli@vefield et al, 2010a; Linnanet
al., 2010; Dziubalet al, 2011; Fallowfield et al., 2012a; Shaw & Fallog¥fl, 2014).
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No DLW data were available on specialist grouptha UK military at the time of these
analyses, however such work is now in the planrstagge. Whilst it is known that
specialist groups (e.g. military divers, Speciatdes) are likely to have higher energy
requirements than the UK population, by virtuehsf physical demands of their roles or
the unigue requirements of the role, there areepiths no specific data available to
approximate these requirements. However, it cbeldrgued that the data collated from
the Phase-3 Section Commander’'s Battle Course (Shdvallowfield, 2014) would
provide an indication of the energy requirementsaie, although definitely not all,
components of the Special Forces’ role.

Similarly, DLW data are currently only availablerftand-based, DCC operational
deployments (Fallowfiel@t al, 2014); energy requirements during maritime oj@na
have to date only been estimated from non-DLW naghgee paragraph 18). Whilst
maritime roles are generally less physically denrajmdhan DCC roles, it should be
noted that higher energy requirements than the WWKan population arise during this
active service from long working hours, rather tii@m increased physical activiper
se(Fallowfield et al, 2012c; Fallowfielcet al, 2013).

Until specific DLW data become available for spéstamilitary groups, those on
maritime operations and those not included in taport, it was agreed that this position
statement should present estimated energy requitentieat would meet the needs of a
range of military service personnel in training ardoperations. As there is a growing
evidence base to suggest that a relatively largpgstion of the UK military population
would have the same energy requirements as thaajdu population, these energy
requirements have also been included in the répeet Table 1).

The DLW data used to inform the revised military \&Rfor energy recommendations in
this position statement were collected between 2004 and September 2010; Phase-1
Army Recruit Training (i.e. the Common Military $slbus (Recruits)) data were
collected in 2001, with the remainder being cobeldbetween 2003 and 2010.

Are the DLW data sufficient to derive DRVs for gyér

The available DLW dataset on military personneleigitively small, but it is specific to
the populations of concern. A total of 276 DLW ameight/height measurements were
made (196 males and 80 females); however, as sbthese were repeat measurements,
and measurements at the beginning and end of tsewere not always made in the
same volunteers, it was agreed that only the weaghtheight measurements that were
taken in volunteers at the beginning of the coufeed69) would be used to calculate
the BMI of the “reference male” and “reference fégha This ensured that the
individual weight measurements used for these tatioms were not influenced by
weight changes during the training period.

The PAL values were calculated from measures of TEEved from DLW data
(Schoelleret al, 1986; Bluck, 2008) and from the BMR calculategsing the Henry
equations; this approach was consistent with thihods adopted in the SACN report on
UK population DRVs for energy. However, in contrés the “prescriptive” approach
used to estimate energy reference values for thergepopulation (see paragraph 15),
the calculations for military DRVs for energy webased on mean body weight and
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height of the actual reference population, resglima “reference male” and a “reference
female”. For the UK military reference populatighe mean BMI was 23.9 kgfnfor
men and 22.0 kg/frfor women.

No systematic difference in BMI was observed betweélee start and end of the
measurement period. However, it should be notad ttie sample size was relatively
small and the pre and post measurements were walyslundertaken with the same
research participants (see paragraph 27).

The DLW dataset was skewed towards a young agepgfmean age: 22.1 years);
therefore it was not representative of the whole kiitary service population (age
range: 16 to 60 year$).However, in terms of BMI and physical fitnesse tataset was
considered to be representative of military seryiggsonnel 1) in training and 2)
undertaking occupational roles with greater enamguirements than the UK civilian
population. Therefore, from a risk assessment pets@, the dataset reflects the energy
requirements of personnel involved in these aaiwit The demographic data of research
participants included in these analyses are providdable A3.

Dietary Reference Values for energy for the UK raliy population —derivation
How should population EAR values be identifiednditary personnel?

From the analyses undertaken on the DLW measurenmngender differences were

observed in PAL values, enabling men and women dogtouped together. Three

relatively distinct groupings, with different engrgequirements, were identified: Active

Service, Military Training Courses A and Militarydining Courses B. These groupings
differed by their PAL value only; there were noféiences between the anthropometric
measures of the men in the different groupingstaadvomen in the different groupings.

The small differences in fat-free mass (FFM) % leetwthe groupings (see Table A4)
were considered to be insufficient to alter therptetation of results. For the purpose of
setting military DRVs it was assumed that the hisigind body weights of personnel on
future Active Service or in either of the two Malily Training Courses groupings would

be similar to the current volunteers. Thereforgks values for height and body weight
of all male personnel and of all female personnaloss groups were calculated

separately (i.e. a reference male and a referamalé).

BMR is age (and gender) dependent and different lzageds are used to calculate
predicted BMR by the Henry equation. For the aurréataset, the appropriate age
bands were 18-30 years and 30-60 years. BMR edionk were initially performed
using the appropriate age-related equation. Heweas there was little difference in
BMR values regardless of which age-specific equatias used, it was agreed to use the
BMR prediction equation for the 18-30 years ageugrfor all volunteers to provide one
reference male and one reference female value saatbactivity groups. This allowed
the TEE (and hence the EAR) for the reference rmiatkthe reference female, following
either Active Service or either of the Military Tmang Courses groupings, to be
determined from the appropriate PAL values for eafckhese three groupings. Thus,

* Personnel can start their service career fromelsyof age. As a trained rank, they might senii thhey are
circa 40 — 45 years; officers will presently semveil they are circa 55 — 60 years.
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although EARs for energy were set by age groughergeneral population, in the case
of military personnel it was considered appropritdeprovide a combined EAR for
energy for all age groups within each activity grou

Variation in the PAL values within the three graugs was accommodated by defining a
range of PAL and EAR values: the™bercentile, the median and the"7gercentile,
with energy in MJ/day and kcal/day rounded to twgnificant figures (see Table 1).
These values refer to the reference male (bodyhwé&ig.7 kg; height 1.78 m; BMR 7.34
MJ/day) and reference female (body weight 60.0hHaght 1.65 m; BMR 5.61MJ/day)
service persons.

The median value provides a guide to the overargnrequirement during training or
active service. However, there are likely to loeets when personnel will be more or less
active, and hence require more or less energy28feand 78" percentiles provide
guidance with respect to these reduced or increasedyy requirements, respectively.
In the SACN energy report, the terms ‘less acti@et! ‘more active’ were used to
describe the upper and lower ends of activity levelthe UK population. However,
such descriptors would not be appropriate for amitpersonnel governed by this
specific guidance; all personnel would be undengkihe same work (or military
training), such that differences in PAL will likehgflect very subtle factors in terms of
their impact on energy requirements.

Inter-individual differences in energy expenditwere greater in active service than
during training. This likely reflects the programdnature of military training, in
contrast with the dynamic and/or reactive naturandftary operations. From a risk
management perspective, these inter-individualedifices in energy requirements
should be taken into consideration when allocatatgpns for these activities, especially
in the operational environment where the implicagiof poor risk management could be
far more profound. Military risk managers will alseeed to be cognisant of the
provisioning requirements of individuals in the™8&nd 7%' centiles. Furthermore,
military service personnel with a BMI higher or lemthan the mean may lose or gain
body weight respectively, if rationing is basedtibese mean values.

It was not possible to determine the effect ofimmental conditions on energy
requirementsper sefrom the available evidence base. Evidence frbmn general
scientific literature suggests that environmentainditions, such as extremes in
temperature and altitude, are likely to have modwsatrall effects on the energy
requirements of service personnel (Gaebwl., 1990; Valencieet al., 1992; Burstein et
al., 1996; Debeveet al.,2014). Observed changes in energy expendituréikalg to
arise from both changes in external work dependingclothing, equipment and/or
terrain (Pandolkt al, 1977) and changes in internal work as a conseguehaltered
thermogenesis and the impacts of relative hypowasterterp-Plantenget al., 2002;
Debevecet al., 2014). Adaptation to the effects of environmertahnge is likely to
occur with more prolonged exposure, so the impadiisbe greatest in the short term
(Corbettet al.,2014).



Table 1: Estimated Average Requirements (EAR) fortie general population and the three groupings of sace personnel based on
Physical Activity Level (PAL)

Level Group PAL values Gender EAR (MJ/day} EAR (kcal/day)?
25" : 75" 25" . 75" 25" . 75"
. Median , . edian , . Median ,
percentile percentile percentile percentile| percentile percentile
MP 10.9 120 131 2600 2900 3100
1 Sggjlft'ion 1.49 163 178
F¢ 8.4 9.2 10.1 2000 2200 2400
M 14.0 15.2 15.9 3300 3600 380p
2 | Active Servic{ 1.90 208 216
F 10.8 11.7 122 2600 2800 290D
Military M 15.8 170 17.9 3800 4100 4300
3 | Training 2.15 232 244
Courses A F 12.1 13.1 138 2900 3100 330D
Military M 18.4 19.2 204 4400 4600 490D
4 | Training 251 262 2.78
Courses B F 14.2 148 157 3400 3500 380D

2 EAR values are rounded to 2 significant figurese Values derive from calculations for the refeeemale and female as defined in paragraph 33.

®M = male

°F =female

4Included the following training groups: the comnmaititary syllabus for recruits (CMS(R)); Royal Afiorce (RAF) phase-1 recruits.

®Included the following training groups: Common Imtiy Course (CIC) — paras and Guards; Commissio@imgrse for Officer Cadets (CCOC); Section
Commander’s Battle Course (SCBC) (army infantrylok phase-3 training)
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There is no direct evidence from military populagoabout the impact of different
macronutrient sources on performance, so in makiegommendations about
macronutrient intake at different energy requireteeé®ACN has extrapolated from the
relevant literature in other high exercise intgnsiéttings. Studies performed in other
high exercise intensity populations (such as dlleletes) provide evidence that as
energy requirements increase, the proportions afronatrients required to maintain
optimum health and physical performance may charflgem the evidence available it
appears that a higher proportion of energy derfv@th carbohydrates may be associated
with superior performance, particularly when sustdi high energy expenditure is
required (Brooks & Mercier, 1994; Romigt al., 1993; Vandenbogaerds al., 2011,
Hawley & Leckey, 2015; Pochmillet al, 2016). However, this remains a topic of
active investigation.

Table 2 (to be read in conjunction with Table 1@¢gents recommended proportions of
macronutrients for energy intake levels equivaterthe UK population and for the three
groupings of service personnel (see paragraph Bgkel 1 recommendations are the
same as for the general UK population. There ssiffitient evidence to make precise
recommendations for macronutrient intakes at higlesels of energy expenditure.
Therefore, a range is provided for carbohydrates tatal fat, with absolute protein
intakes remaining constant (and hence dropping%saéd total energy as energy intake
rises). For this purpose, total energy intakessumed to be the same as food energy
intake; it excludes energy from alcohol since atdaf not included in provisioning. The
lower limit of intake from carbohydrates is set @0%, to reflect the current
recommendation for the general UK population. Tipper limit is set to reflect all
additional energy being provided as carbohydrdtepractice, it is acknowledged that
the proportions for operational ration packs wal deetermined by risk managers, due to
the interaction of energy density and the weight rafions with respect to the
implications for load carriage. However, SACN nexoends that the proportions of
energy from carbohydrate and total fat should k&iwithe ranges provided.

Whilst micronutrient status data for UK military ppdations are somewhat limited, there
was no evidence presented that indicated a poaomitrient status in UK training and

operational military populations. As such, SACNnhcloded that as long as energy
requirements were met, and personnel consumeddarpmeantly healthy balanced diet,

the daily micronutrient intakes recommended for ge@eral UK population would be

adequate for UK military personnel. Recommendationshe general UK population to

take supplemental folic acid (women of child begrage) and supplemental vitamin D
also apply to UK military personnel (NHS Choices).

General recommendations for risk managers

Although the focus of this position statement itsure that military service personnel
are provided with adequate rations to support ge@rgy requirements, it was noted that
the importance of a healthy balanced diet showdd bé emphasised to ensure a balanced
nutrient intake and good oral health. To main@gdod oral health, it is particularly
important that additional energy requirements ac¢ met through an increased

® SACN'’s remit is risk assessment not risk managéméhese recommendations do not form part ofrikls
assessment.
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consumption of sugar, sugar-containing foods anghisaweetened beverages. Free
sugars should account for no more than 5% of thé&ary energy (SACN, 2015).

Table 2: Recommended proportions of macronutrientsas a percentage of total energy
intake, for the general population and the three goupings of service personnel based on
Physical Activity Level (PAL)?. Total energy intake is assumed to be the samefasd
energy intake; it excludes energy from alcohol sirecalcohol is not included in
provisioning.

Group Level Carbohydrate (%) | Total Fat (%) Protein (%)
UK Population 1 50 35 15
Active Service 2 50 - 55 31.5-35 13.5-15
Military Training | 3 50 - 60 28 - 35 12 - 15
Courses A

4 50 - 65 25-35 10-15

Military Training
Courses B

% The proportions for operational ration packs Wwéldetermined by risk managers due to the intenacti
energy density and the weight of rations with respe the implications for load carriage.

®Included the following training groups: the comnmaititary syllabus for recruits (CMS(R)); Royal Afiorce
(RAF) phase-1 recruits.

“Included the following training groups: Common Intiey Course (CIC) — paras and Guards; Commissioning
Course for Officer Cadets (CCOC); Section Commagndgaittle Course (SCBC)(army infantry soldiers mtas
3 training)

41. Public Health England’s Eatwell Guide (PHE, 2016pid be followed by military
personnel who have the same energy requirementsh@sgeneral population.
Recommendations for the general UK population ke supplemental folic acid (women
of child bearing age) and supplemental vitamin 8bapply to UK military personnel
(NHS Choices). It is recommended that educatiggragrammes are delivered to
military personnel to highlight the importance ddalthy eating for overall health, to
mitigate chronic disease and tooth decay, to tgghlithe potential contribution of
alcohol consumption to total energy intake and eskveffects of excess consumption on
health, and to specifically identify the nutriticequired to maintain military capability.

42. The Public Health England documehtealthier and More Sustainable Catering:
Nutrition principles (PHE, 2014) should be consulted to assist with ldgveg
nutritionally balanced menus in support of meetthg requirement of Government
Buying Standards for Food and Catering ServicedHRE, 2015).

43. Importantly, the additional energy requirementsrolitary personnel on active service

or training should not be met, as a matter of aguitsrough foods high in saturated fat,
sugar and salt.
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Summary and recommendations
Background and approach

This position statement considered whether the seidence describing the energy
expenditure of military personnel was sufficientallow UK military DRVs for energy
to be updated using the approach adopted to révesenergy reference values for the
general population in 2011. Military-specific DRM&re required for those roles and/or
activities where there was evidence for differemtrgy requirements from those of the
general population.

The present review only considered evidence frardiss that used the DLW method to
measure TEE.

BMR was calculated using the Henry prediction eiguator the 18-30 years age group
and anthropometric measurements of reference mdiéemale volunteers. PAL values
were derived from DLW measurements of referencantekers.

In contrast to SACN’s DRVs for energy report, whisked a BMI of 22.5 kg/fto
devise energy requirements (a “prescriptive” apghdahe current report used the actual
mean BMI of military personnel volunteers involvadhe DLW studies.

Recommendations

Following careful consideration of the DLW data iéafsle and other known military-
relevant research, SACN recommends that:

Four different DRVs for energy are provided for itally service personnel,
corresponding to different levels of physical aityivintensity. The first level
corresponds to the requirements of the general lpbpa; DRVs for levels two, three
and four reflect higher levels of physical activisge Table 1).

A different range for each macronutrient (i.e. cdmydrate, protein and total fat),
expressed as a percentage of total energy intadadu¢ing energy from alcohdl)is
provided for each physical activity level (see Eabland paragraphs 37 and 38).

For both recommended EARs for food energy (Table abhg proportions of
macronutrients (Table 2), levels two, three andrfate only relevant to military
personnel with energy requirements different frdre UK EARs recommended by
SACN in 2011.

There is insufficient evidence to suggest thatetidht DRVs for energy are required for
military personnel based on environmental tempegatage or body size. Similarly,
there is insufficient evidence that military popidas require a different micronutrient
intake from the general population.

® Total energy intake is assumed to be the sameoaisenergy intake; it excludes energy from alcaiite
alcohol is not included in provisioning.
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50.

51.

52.

53.

Research recommendations

This position statement represents a considerablange in understanding the energy
requirements of military personnel. The settind>&Vs for energy for this population
is, to some extent, more straightforward than fer general population as the range of
activities is known and less varied for many specigfroups of military personnel.
Nevertheless, gaps in knowledge still remain: dmegroups within the Armed Forces
remain unrepresented in this evidence base and smigil numbers of individual
volunteers were involved in the military groups efhhave been studied.

Determining future recommendations for energy nements, which will improve the
reliability of present values, will require reseain the following areas:

Collection of reliable height and weight measuretaeof military personnel entering
the services; this would enable the BMR valuestli@r reference male and reference
female, from which DRVs for energy are calculatedye updated if values change.

Analysis of alternative measures of energy expenglitwhich have already been
collected in military personnel, especially thoseiak allow integrated measurements
of TEE; this would enable a comparison to be madh WEE estimates from DLW
measures where these have been collected in thegdonteers.

Development of new, and improvement of existingasuges of energy expenditure
which can be used as reliable alternatives to thé&/Dechnique.

Collection of DLW data on military personnel invely in maritime operations and on
other Armed Forces groups not included in this regor whom energy expenditure is
likely to differ from the general population.

General recommendations for risk managérs

Military service personnel should consume a heabBjanced diet to ensure good
nutrition and good oral health. To maintain goodl drealth, it is particularly important
that additional energy requirements are not medudin an increased consumption of
sugar, sugar-containing foods and sugar-sweetems@rdiges. Free sugars should
account for no more than 5% of total dietary end®&CN, 2015).

Public Health England’s Eatwell Guide (PHE, 2016pwd be followed by military

personnel who have the same energy requirementsh@asgeneral population.
Recommendations for the general UK population ke supplemental folic acid (women
of child bearing age) and supplemental vitamin 8bapply to UK military personnel
(NHS Choices).

" SACN'’s remit is risk assessment not risk managéméhese recommendations do not form part ofrikis
assessment.
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54.

55.

56.

Educational programmes should be delivered to amjlitpersonnel to highlight the
importance of healthy eating for overall health,mdigate chronic disease and tooth
decay, to highlight the potential contribution d€ahol consumption to total energy
intake and adverse effects of excess consumptidmeatih, and to specifically identify
the nutrition required to maintain military capalyil

Public Health England’slealthier and More Sustainable Catering: Nutritipninciples
(PHE, 2014) should be consulted to assist with ldgueg nutritionally balanced menus
in support of meeting the requirement of Governntémying Standards for Food and
Catering Services (DEFRA, 2015).

The additional energy requirements of military pergel on active service or training
should not be met, as a matter of course, throogdd high in saturated fat, sugar and
salt.
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Annex - Analysis of doubly labelled water data obt@med on military
personnel

Preamble

57. This annex presents the complete analysis of alblyolabelled water (DLW) data on
military personnel provided by the Institute of aWedicine (INM) for the purpose of
this review. It includes all the DLW studies whichve been performed by the INM.

58. A previous analysis of a subset of this DLW dat&nested basal metabolic rate (BMR),
and hence physical activity level (PAL), from anuation based on the body
composition, (fat mass (FM)) and fat free mass (PFMf volunteers calculated from
DLW total body water (TBW) values. However the cdete dataset does not contain
the TBW data for all volunteers and it is unlikéhat these data will be retrievable. For
these studies, (male and female army recruits ercttimmissioning course for officer
cadets at Royal Military Academy Sandhurst (RMASYJ an the Common Military
Syllabus for Recruits (CMS(R)) at Winchester), BMand hence PAL can only be
calculated from heights, weight and gender accgrthrthe Henry Oxford equations.

59. It is essential that the analysis of all availableN total energy expenditure (TEE) data
involves the same approach to calculating BMR aAd;Rherefore all data have been
recalculated using the Henry Oxford predicationatigms. The relationship between
BMR predicted from DLW data (BMRw) and BMR predicted using the Henry Oxford
equation (BMR)), and the resultant PAL values, is examined furtn¢his report.

Data available and data analysed

60. Table Al provides a summary of energy expendituueliss that are available for
different Armed Forces volunteers in training amdoperational service and the methods
that were used to assess energy expenditure.

Summary of types of activity studied and environntedrconditions at time of study

61. A summary of the different groups studied for thegose of this review is as follows:

» Jackson — operations on land

18 males; DLW data collected once; TBW data availdb

These data are from 18 Royal Marines at a forwardrating base where military
personnel were stationed for their 6-month tourAfghanistan. All volunteers
undertook patrolling duties on most days or unasetquick reaction force duties as
well as general forward operating base duties.ulMelers would have been inactive for
much of the time, after their patrolling duties eeompleted.

* Common Infantryman’s Course (CIC) - army recruits during training

a) Paras (20 males, DLW data collected during weeks-2 and 19-20; TBW data
available)

These data are from 20 recruits in weeks 1-2 ancedduiits in weeks 19-20 of a 24-
week Common Infantryman’s Course (CIC) training rseuin 2003 for 50 male
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Parachute regiment recruits at the Infantry Trar@entre Catterick, ITC (C)

b) Guards (16 males; DLW data collected once; TBW avkible)
These data involve 16 male recruits at the begmoina 26-week CIC 2005 training
course for 41 male Foot Guards recruits at ITC(C).

Table Al: Summary of information available on energ expenditure of Armed Force$
personnel

Armed Force Situation GendeP Methods used | Analysis
to assess energy (DLW)
expenditure®

RAF Recruit training | M & F DLW Completed

Army Recruit training
Common M&F DLW, Acc, HR | Completed
Military

Syllabus

Common M DLW, Acc, HR | Completed
Infantryman’s
Course

Commissioning | M & F DLW, Acc, HR | Completed
course for
officer cadets

Section M DLW, Acc, HR | Completed
Commander’s
Battle Course

Operationson | M Acc, HR, TAQ Not analysed
land

Royal Marines | Operationson | M DLW, Acc, Completed
land HR, TAQ

Royal Navy Operationsat |M&F Acc, HR,TAQ | Not analysed
sea

& Summary of information on military personnel pied by the Institute of Naval Medicine for the posp of
this review

®M = male; F = female

° DLW — Doubly Labelled Water, Acc — AccelerometdR — Heart Rate, TAQ — Task Analysis Questionnaire
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62.

63.

Common Military Syllabus for Recruits (CMS(R)) - army recruits during training

a) Army Training Centre (ATC) Pirbright (16 males, 16 females; DLW data
collected twice; TBW available)

These data are from 16 men and 16 women during svéek and 13-14 of a 2007
training course involving the 14-week Common MiltaSyllabus for Recruits
(CMS(R)), at the ATC Pirbright (P).

b) Army Training Regiment (ATR) Winchester (6 males; 8 females; DLW data
collected twice; TBW data not available)

These data involve army recruits, (Adjutant Gen@aips and Royal Logistics Corps),
undergoing training within the CMS(R) at the ATR nhester in June 2001. DLW
measurements were taken during weeks 1-2 and 8-9.

RAF Phase-1 - recruits on Phase-1 training

11 males and 13 females; DLW data collected twic& BW available
These data involve RAF recruits studied twice (B&during RAF Phase-1 training at
RAF Halton undertaken by Optimal Performance Ltd.

Commissioning _course for_officer cadets (CCOC) at &al Military Academy
Sandhurst, (RMAS) - army officer cadets

8 males and 8 females; DLW data collected once; TB\Wata not available

Section_Commander’s Battle Course (SCBC) Brecon -male infantry soldiers
during training

30 males; DLW data collected twice; TBW available
These data involve male army infantry soldiers miyPhase-3 training studied during
weeks 2-3 (n=28) and weeks 6-7 (n=30).

The DLW data derive from a subset of a larger gradqm were studied with other
methods as described in Table Al. For those grofipersonnel described above who
were studied twice, the first and second cohorteevm®t identical because of dropouts
and/or because some volunteers were only studiedgdiine second cohort.

Environmental data (mean daytime temperatures anddity) for the periods when the
measurements were made are shown in Table A2. Ea¢her was typical for the time
of year.

Demographics and Anthropometry of volunteers

Presentation of data

64. The complete DLW dataset comprises 20 sets of measnts with 276 separate

measurements (196 males and 80 females). With xbepaon of the male troops on
active service, male guards on the Common InfararysiCourse and male and female
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officer cadets on the commissioning course at Bawstl, the majority of volunteers
were studied twice i.e. initially and later duritigining. Therefore, the 276 separate
measurements derive from a total of 169 voluntgé®t males and 45 females).
Furthermore, as indicated above, where repeat maasats were made the first and
second cohorts were not always identical becausdrafouts and/or because some
volunteers were only studied during the second kol#xcordingly, the demographic
data presented in Table A3 include age, weighghieand BMI for all volunteers at the
start of each course (n=169), grouped accordirigaining course while Table A4 shows
the same data for all volunteers at the time ohesst of DLW measurements (n=276).
It also provides FM% and FFM index (kg/hof those volunteers with TBW data
available, from which the body composition data bancalculated. Mean ages for the
various groups studied ranged from 17.8 to 26.4syda Figures Al, A2, A4 and A5
below, several of the data points derive from thenes volunteers measured at the
beginning and the end of the training period.

Table A2: Environmental conditions at time of study air temperature and humidity
(Source: Met Office)

Service Situation Location Dates Mean Air Humidity | Mean
Temperature | (%) Wet Bulb
(°C) Temp.°C
RAF Phase-1 RAF Halton, | Mar-10 5.9 70 4.4
Recruit Aylesbury, Apr-10 8.9 78 6.5
Training Bucks, UK
Army CMS(R) ATC Jun-07 15.8 80 13.8
Pirbright, Jul-07 15.8 80 13.8
Surrey, UK Aug-07 16.0 78 13.7
Sep-07 14.1 81 12.3
CMS(R) ATR Jun-01 14.7 72 11.9
Winchester, | Jul-01 17.3 74 14.5
Hampshire, | Aug-01 16.8 79 14.6
UK Sep-01 13.2 81 115
Oct-01 13.3 88 12.2
CIC Paras | ITC Catterick| Jan-03 4.3 84 3.3
North Feb-03 2.8 84 1.9
Yorkshire, UK | Mar-03 6.5 77 4.8
Apr-03 9.0 71 6.6
May-03 11.9 75 9.6
Jun-03 15.6 72 12.8
Jul-03 16.9 77 14.5
CiCc ITC Catterick, | Sep-05 14.1 79 12.1
Guards North Oct-05 12.2 85 10.9
Yorkshire, UK | Nov-05 5.6 83 4.5
Dec-05 4.4 86 3.5
Jan-06 3.9 88 3.2
Feb-06 3.9 82 2.8
Mar-06 4.0 79 2.7
CCocC RMAS, May-04 12.4 73 9.9
Sandhurst, Jun-04 15.7 75 13.1
Camberley, Jul-04 16.0 78 13.6
Surrey, UK | Aug-04 17.4 78 15.0
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Sep-04 15.0 77 12.7
Oct-04 10.7 85 9.4
Nov-04 7.7 88 6.8
Dec-04 5.0 89 4.3
Jan-05 6.1 83 5.0
Feb-05 3.8 82 2.8
Mar-05 6.8 79 5.4
SCBC Infantry Battle| Sep-08 11.0 91 10.2
Schoaol, Oct-08 8.9 91 8.3
Brecon, Nov-08 5.9 93 5.4
Powys, Wales| Dec-08 2.3 95 2.0
Royal Operations | Forward May-10 30.9 12 14.4
Marines Operating Jun-10 34.0 8 15.1
Base Jackson, Jul-10 35.2 8 15.6
Helmand Aug-10 31.8 11 14.7
Province, Sep-10 25.7 11 11.3
Afghanistan

65.

66.

67.

All groups exhibited mean BMI values in the healthpge, with the exception of those
at SCBC Brecon. The median BMI of this group atsteet of training was 25.9 kgfm
indicating that 50% of the group was overweight (BM25 kg/nf. Two volunteers in
this group were obese (BMi 30 kg/nf at the time of the first DLW measurement;
however, no individuals were obese by weeks 6-¢ wua small weight loss during
training.

Figure Al shows the relationship between body%e&t énd BMI in those volunteers for

which body composition data were available (allegtcATR Winchester and CCOC).

Although for any BMI value there was some variapiin the fat content, overall the

relationship between body fat and BMI was simitathat observed in other population
groups, i.e. a higher fat percentage in women thamen and increasing amounts of
body fat as BMI increased. Some of the variability-FM between groups is discussed
further below in relation to Table A4.

During the training programmes food was suppliezbeting to the rationing procedures
in place at the time. Generally this was sufficiémt volunteers to maintain energy
balance on the basis of records of body weight gasnAs indicated in Table A5, for
most volunteers on the training courses, weight nvamtained or there were small gains
or losses. The exception was men following the S€B@se who lost on average 5 kg
and the subset for whom DLW measurements were madde lost 2.43 kg. Body
composition measurements indicated that for sonherte there were losses of fat and
gains of FFM.

Energy expenditure

68.

The SACN Dietary Reference Values for energy refmrthe UK population utilised a
factorial model for evaluating energy expenditured aequirements. This involves
expressing TEE in terms of the PAL where PAL is T&thusted for the BMR: i.e. PAL
= TEE/BMR. This means that PAL is theoretically eépéndent of those factors
influencing BMR (weight, height, age and gendet))east as a first approximation.
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Consequently, for any PAL value, TEE and henceBsimated Average Requirement
(EAR) can be predicted for any group from estimatethe BMR.

Table A3: Age, weight, height and BMI of volunteerggrouped according to training
course (values for volunteers at the start of eaatourse)

Situation | N | Age (years) Weight (kg) Height (m) BMI(kg/m?
Mean SD Mean SD Mean SD Mean SD
Jackson 18 | 26.4 5.33 76.1 5.7 1.78 0.05 24.1 1.64
(Active
service)(all
male)
CMS(R) 46 | 19.6 2.90 65.7 10.1 1.72 0.09 22.0 2.1
Male 22 | 20.1 3.34 72.9 7.0 1.79 0.07 22.7 2.0
Female 24 | 19.0 2.39 59.0 7.7 1.66 0.06 21.4 2.0
RAF 24 | 22.4 4.68 67.3 12.4 1.71 0.11 22.8 2.5¢
Phase-1
Male 11 | 20.8 3.91 77.9 9.3 1.81 0.05 23.8 3.1
Female 13 | 23.7 5.04 58.4 5.6 1.63 0.07 21.9 1.6
CIC (M) 36 | 195 2.71 72.8 11.6 1.77 0.06 23.1 2.6
CCOC 16 | 23.1 1.53 72.3 12.0 1.73 0.11 24.0 2.3
Male 8 23.0 1.93 78.9 10.0 1.81 0.08 23.9 1.8
Female 8 23.1 1.13 65.6 10.2 1.65 0.0% 24.0 2.9
SCBC(M) | 29 | 25.8 3.60 79.4 10.3 1.75 0.07 25.9 2.4
Allmales | 124| 22.4 4.58 75.7 9.8 1.78 0.07 239 226
All 45 | 21.1 3.88 60.0 7.9 1.65 0.06 22.0 2.2¢
females
All Groups| 169 | 22.1 4.43 71.5 11.6 1.74 0.09 23.4 2.6
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Table A4: Age, weight, height, BMI for all voluntees and FM% and FFM index (kg/h?) of volunteers with TBW available (values at the
time of each set of DLW measurements)

Situation Groups N Age (years) | Weight (kg) | Height (m) | BMI FM% FFM index
(kg/m?) (kg/h?)
Mean SD Mean SD | Mean SD Mean SD | Mean SD | Mean SD

Operations | Jackson (M) 18 264 533 |76.1 569 |[1.780.05 [24.1 164 164 284 |20.2 1.38

CMS(R) ATR Winchester 8 19.1 3.09 61.3 7.37 1.60.04 21.9 2.18) NA NA |NA NA
(1-2; F}

CMS(R) ATR Winchester 6 23.5 3.73 73.1 8.05 1.76.01 235 249 NA NA| NA NA
(1-2; M)

CMS(R) ATR Winchester 6 17.8 2.23 59.3 6.18 1.68.04 21.0 144 NA NA| NA NA
(8-9; F)

CMS(R) ATR Winchester 5 23.2 4.09 72.8 8.96 1.70.01 23.3 2700 NA NA| NA NA
(8-9; M)

CMS(R) ATC Pirbright (1- | 16 19.0 2.07 579 7.78 1.66.07 21.1 1.98] 284 459 151 1.14
2, F)

CMS(R) ATC Pirbright (1- | 16 189 2.19 729 6.82 1.80.08 224 1.86| 18.3 4.6 18.3 1.31
2; M)

CMS(R) ATC Pirbright (13-| 16 18.7 1.92 57.7 7.58 1.6@.07 21.4 2.10] 278 434 154 1.20
14; F)

CMS(R) ATC Pirbright (13-| 16 18.6 1.59 72.6 9.47 1.78.07 22.7 2.28/ 185 355 185 1.42

14; M)
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RAF Phase-1 RAF Halton’AF) | 13 23.7 5.04 58.4 5.60 1.6307 219 161 298 259 154 1.17
RAF Phase-1] RAF Halton A (M) 11 20.8 3.91 77.9 9.351.81 0.05 23.8 3.18] 201 4.71 18.9 1.86
RAF Phase-1 RAF Halton B (F)] 13 23.8 5.04 585 5.68.63 0.07 220 1.78] 30.2 259 153 1.20
RAF Phase-1] RAF Halton B (M) 11 21.0 3.91 78.2 9.521.81 0.05 23.9 298] 20.8 4.01 1838 1.85
CIC Paras (1-2; M) 20 20.1 2.77 72.7 10.90 1067 234 251 149 358 198 1.83
CIC Paras (19-20; M) 11 209 3.48 76.8 10.33 10807 23.7 236 11.3 2.74 21.0 2.20
CIC Guards wks.(1-2; | 16 18.8 254 | 728 12.72 1.78.06 228 292 206 425 18.0 1.58
M)
CCOC RMAS (F) 8 23.1 1.13 65.6 10.20 1.695 240 296] NA NA| NA NA
CCOoC RMAS (M) 8 23.0 1.93 78.9 10.05 1.8108 239 1.85 NA NA| NA NA
SCBC S)CBC Brecon (2-3;28 258 3.67 79.7 10.37 1.786.07 259 249 224 426 200 1.62
M
SCBC S)CBC Brecon (6-7;30 26.0 3.76 78.4 8.27 1.76.06 253 1.89] 18.7 4.10 20.6 1.38
M
All males 196 | 22.5 4.53 76.0 9.60 1.7806 240 2.56] 185 482 196 1.84
All females 80 | 20.8 4.04| ©59.2 7.40 1.6506 21.8 212 289 3.79 153 1.15
All Groups 276 | 22.0 4.46 71.1 11.77 1.0409 234 264 211 6.43 185 2.50

@ Time when DLW measurements were taken during aci@rvice/training (specified week(s)) and gen8efémale; M=male)

P RAF Halton A refers to the first doubly labelledteameasurement; RAF Halton B refers to the sectmubly labelled water measurement
°NA — FM% and FFM Index could not be calculatedtfese groups as total body water data were uradolail
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Table A5: Weight changes during training programmegwhere data are available)

Situation Group Monitoring | Gender Weight Weight
periods change (all | change
(weeks) volunteers) | (DLW
subset)
CMS (R) | ATR 1-2 and 8-9 Females No change | No change,
Winchester but fat loss | but fat loss
(1.5kg) and | (2.5kg) and
FFM gain FFM gain
Males (1.4kg) (2.5kg)
ATC 1-2 and 13- | Females No change | Gain: 0.65 +
Pirbright 14 1.76 kg
2008
Males Decrease: Gain: 2.3 +
15+4.2kg | 2.03 kg
RAF Phase-1 RAF Halton| Unspecifiec Females | DLW was Gain: 0.07 =
the only 0.96 kg
method used
to assess
energy _
expenditure Gain:0.27 *
Males in this group | 3-27 kg
CIC Paras 2003 1-2 and 19-| Males Gain: 2.6 £ | Gain: 0.95
20 3.5kg; gain | 3.8 kg
of FFM
Guards 20051 1-2 and 23- | Males No change in N/A
6 24 weight;
increase in
FFM
CcocC RMAS 2004- 1-2, 6-7, 20- | Females No change | N/A
5 21 and 39-40
Males Gain: 0.8- N/A
1kg
SCBC SCBC 1, 2-3,6-7 Males Loss: 5.1+ | Loss: 243 +
Brecon 2008 | and 8 2.6 kg 2.63 kg
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69.

Although PAL values can be estimated from timeeted activity diaries in which the
duration and energy cost of individual activitias physical activity ratio (PAR) values)
is summed to provide estimates of PAL, in practices has not been shown to be
effective in predicting PAL. PAL values are besttimated from direct measures of
24-hour TEE, e.g. with the DLW method, and BMBuch measurements in various
population groups have indicated that PAL can rainge less than 1.3 in immobile
volunteers, to values up to 3.6-5.3 in Tour de Eeanyclists, to 3.96 in an ultra-
endurance runner, to an average of 2.8 in marinesoid weather mountain training
which included a value of 4.0 during the first 4/slaand up to 6-7 for two men walking
to the South pole who were in marked negative gndrglance (see Driskell &
Wolinsky, 2010). Within the general populatiomowever, the overall range of PAL
values for individuals in energy balance, legdsustainable lifestyles, is usually
assumed to be between about 1.38 for the most segddéa 2.5 for the most active.

Limitations of the factorial model

70.

71.

72.

Whilst the factorial model works well in terms dfetuse of PAL values for expressing
TEE and for calculating the EAR, it needs to beogeised that PAL values are not
entirely satisfactory in terms of categorising tyi levels for population groups. This
has been discussed extensively elsewhere (seeaiil\2013 for full discussion). Some
of the difficulties relate to the following mathetital issues:

PAL is a ratio (TEE:BMR) while physical activity ergy expenditure (PAEE), has an
absolute value (PAEE=TEE-thermogenesis-BMR);

Thermogenesis contributes to PAL but not to PAEE;

PAL as a measure of absolute PAEE is not indepéradeveight: i.e. a PAL value as a
representation of PAEE will increase with weightonversely the effect of a fixed
amount of PAEE on PAL gets smaller as size incieaBee reason is that the increase
in BMR with size contributes to both the numeratod denominator in the PAL
calculation but PAEE contributes only to the nunt@ran other words, to maintain a
constant PAL with increasing size, PAEE would nethcrease in proportion to the
BMR. Thus for a group of soldiers all carrying geme weight the individual PAL
values will tend to be lower as their size increase

However, none of the above issues involve largecedf and there is a more important
complexity in the PAL-PAEE relationship which isygiological. This relates to the
effect of size on both absolute strength and theseguent ease of strength-requiring
tasks as well as the absolute energy cost of wdighting activities. The issues here are
quite complex (as discussed elsewhere: Millwardl320 They mainly involve the
difficulties in relating behavioural changes in ner of activity as measured by
accelerometers, to both PAEE and PAL values derfirngad DLW values of TEE in the
obese, compared with volunteers within the healibgly weight range. Thus studies
have shown that while similar PAL and PAEE valuesived from DLW may be
observed in the obese compared with volunteers hagthy weights, accelerometer-
derived activity levels on the same volunteerda@ner in the obese.

Whilst it would be interesting to examine theseigsswithin the volunteers studied here

in whom different methods of examining PAEE haverbeleployed (as described in
Table Al), these issues will not influence the mapective of this report, i.e. deriving
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food energy requirement values. Nevertheless dbw@pparent within the dataset some
of the issues do become important in terms of wtdeding gender differences in PAEE
which are not apparent with PAL values (this isdssed below).

Analysis of the DLW data

BMR values for the calculation of PAL from TEE

73.

74.

75.

76.

There are a wide range of BMR predictive equat@mmg different organisations choose
to use different equations. The SACN Dietary RefeeeValues for energy report used
the Henry Oxford equations on the basis that thes® been shown in independent
validations to be more appropriate for predicting BMR within the general population

for all age groups and size than the previouslyd USehofield equations. It has been
decided to use the Henry Oxford equations to es#iB&R values in military personnel

as well; these BMR predictive equations togetheh wppropriate PAL values will be

used to predict EAR values.

Since TBW data were available from most voluntegr® participated in the DLW
studies used to inform this report, this enabledréee mass (FFM) and fat mass (FM) to
be calculated and a prediction equation for BMRedasn body composition to be used
for this subset of volunteers. As this approach rhaye advantages over the Henry
eqguation in that variation in body weight in thigpplation may reflect a greater range of
FFEM/Height than in the general population whereiatamm in fatness is mainly
responsible, a comparison of the two approachesoigded below.

BMR varies with both FFM and FM (Johnstoeeal., 2005) and within the datasets
examined in this report (where TBW data were ab&lpBMR has been calculated by
an equation based on FFM and FM (BMR = (0.102*FH@)324*(Wt-FFM))+0.85
MJ/day) (see Westerteret al, 1995). Using this equation and with FFM and FM
calculated from the TBW values deriving from theWlstudies (FFM = 1.37 x TBW)
(see Pace & Rathbun, 1945), BMR values were cakulir the dataset. This FM-FFM
based BMR equation predicts BMR values which amy Ysghly correlated with those
predicted by a similar equation based on FFM andrépbrted by Nelsoet al., (1992)
(r>= 0.9988) but these latter values are 8% lowero(rat.08 (range 1.06-1.11)) and are
also lower than values calculated from heights,ghtsi, age and gender by the Henry
equations. This gives some confidence in the Weesteet al (1995) equations which
predict mean BMR values very similar to those datifrom the Henry equations.

A detailed analysis of BMR predicted by the TBWaé&@BMRy w) and by the Henry
equations (BMR) is shown in Table A6. The table shows the ratbBMR calculated
by the DLW-TBW derived equation and the Henry emunatvithin the various groups,
for all men and women, and overall. Groups are @dn&iccording to the extent of
differences in the two BMR values (in terms of dé\an in the ratio from unity).

26



Table A6: Comparison of BMRy and BMRp,w and calculated PAL,; and PALpLw
values

Groups BMRu/BMR | p-values %FFM PAL /PAL pLw
DLW (paired tests of (Median) | (Median)
(Median) BMRyvVv BMRDLw)

Males

CIC Paras (19-2) | 0.94 <0.0005 88.9 1.06

CIC Paras (1-2) 0.97 <0.001 85.9 1.03

Jackson 0.97 <0.0001 83.4 1.03

SCBC Brecon (6-7) | 0.97 <0.00001 82.0 1.03

CIC Guards (1-2) | 1.00 <0.05 79.9 1.00

CMS(R) ATC 1.00 non-significant 80.1 1.00

Pirbright (1-2)

CMS(R) ATC 1.00 non-significant 81.6 1.00

Pirbright (13-14)

RAF Phase-1 A 1.00 non-significant 80.2 1.00

RAF Phase-1 B 1.01 non-significant 79.8 0.99

SCBC Brecon (2-3)| 1.00 non-significant 77.5 1.00

All Males 0.99 <0.05 81.8 1.01

Females

CMS(R) ATC 1.02 <0.03 71.0 0.98

Pirbright (1-2)

CMS(R) ATC 1.01 non-significant 72.7 0.99

Pirbright (13-14)

RAF Phase-1 A 1.03 non-significant 70.5 0.97

RAF Phase-1 B 1.02 non-significant 70.2 0.98

All Females 1.02 non-significant 71.0 0.98

All Groups 0.99 <0.0003 79.6 1.01

4Time when DLW measurements were taken during astveice/training (specified week(s))
P RAF Halton A = first DLW measurement; RAF HaltormBsecond DLW measurement
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77.

78.

BMRH/BMRDLWY

1.10
1.08
1.06
1.04
1.02
1.00
0.98
0.96
0.94
0.92
0.90
0.88
0.86
0.84

The results show that for men, BMRalues are slightly but significantly lower than
BMRpw for the CIC Paras, Jackson, SCBC Brecon (weekps &id CIC Guards, but
not significantly different for any other male gpuFor women, BMR values are
slightly higher for females in the CMS(R) ATC Piditt (weeks 1-2) group but not
significantly different for any other female groop for women overall. As a result the
ratios are slightly lower in males and slightly g in females overall but the
differences are very small and not significantfeanales.

A likely explanation of the differences is the tela ability of the two BMR values to
reflect differences in body composition. The BMR is derived from a prediction
equation based on FM and FFM and therefore spaliificeflects differences in body
composition in terms of relative amounts of FFM &M. In contrast BMR is derived
from a prediction equation based on weight, heigbe and gender derived from a very
large number of volunteers and therefore refleveyage trends in body composition
changes with changes in weight, age and gendeh t8eieds may involve more marked
changes in fatness rather than FFM. If this is ¢hse it might be expected that the
BMRy equations would underestimate BMR for volunteeith wigh levels of FFM and
this seems to be the case as indicated in TableTAGs groups with a larger than
average %FFM have a greater BMR compared with the Henry-predicted value.

Scatterplot of BMRH/BMRDLW against FFM index

O sex="M"
4 sex="F"

12 14 16 18 20 22 24 26
FFM index (Kg/M?)

Figure A2: Ratios of BMRy to BMRp,w as a function of height-adjusted FFM in all
men and women
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79.

80.

81.

In Figure A2 the ratios of BMRto BMRpw are plotted against FFM adjusted for
height, (FFM index, kg/A) in all men and women for whom TBW was availabken
inverse relationship is clear with ratios falling BFM increases. The relationship is
steeper in women than men, predicting 88% and 5b#eovariance respectively. This
would tend to confirm the implication that as bamymposition changes in terms of an
increasing proportion of FFM in both men and wom#re Henry equations tend to
underestimate the BMR.

This analysis shows that BMR predicted by TBW d&iRp, ) is preferable to BMR
predicted by the Henry equations (BMRHowever as there are no TBW data available
for CCOC RMAS or CMS(R) ATR Winchester, we canyonise the BMR value
derived from the Henry Oxford equations for thesmugs. Because it is essential that the
complete analysis of DLW TEE uses the same apprtadalculate BMR and PAL,
BMRy is the only BMR which can be calculated for thérerdataset.

The important question is whether these differenaes likely to influence overall
assessment of energy expenditure in terms of PAlegdor the purposes of this report.
In fact the differences in calculated PAL values eglatively small in terms of mean
values. Thus for the CIC Paras at the end of tin@ining, (the group with the largest
%FFM), the overestimate of PAL amounted to 6%. &bother groups the differences
were 3% or less. Given these small differencesjas decided that all data would be
analysed on the basis of the PAL values derivethfRMR predicted by the Henry
equations as this would provide an acceptable lefvatcuracy. In subsequent tables of
this report the BMR values have been used to calculate PAL.

Examination and adjustment of the DLW data

82.

The Jackson data involve DLW data collected amomiggips on active service in
Afghanistan. Because of concerns around the acgwfa®ome of the data, possibly due
to a change in the slope of the isotopic enrichmeiter day 7, PAL values were
recalculated omitting data from day 8 and day 8ratte DLW dose was administered.
A comparison was then done with the PAL calculatitrat used the full isotope dataset
(mainly 9 days) (see Table A7 and Figure A3).

Table A7: Comparison of PAL values calculated fronv-day versus 9-day DLW data

Variable N | Mean| SD | Median Min | Max 25" 75"
percentile| percentile
Jackson (7 days) 18 199 0.24 202 141 2(52 1.87 14 2
Jackson (9 days) 18 2.09 0.29 208 162 297 190 .16 2

29



Mo ofobs.

Jackson 7 Jackson 9

g
f 4 — !

No.ofobs.

(X}

,D/rf/ . gl il m

1 15 18 1 1.8 19 F0 31 F2 a3 2 25 28 & T T T e U e s e
4 5 ] T 1.8 19 20 2. 22 23 24 25§ 26 14 15 18 17 18 15 20 21 22 23 24 25 28 27 28 29 30

X <= Category Boundary ¥ == Category Boundary

Figure A3: Distribution of PAL values calculated from 7-day and 9-day DLW values for
the Jackson group

83.

84.

The reanalysis shows that some of the 7-day vateetower than the 9-day values with
one individual 7-day value appearing very low (aimium PAL value of 1.41 compared
with 1.62 for the 9 day value).

Because the median values for the group are not diflerent for the 7- and 9-day
values (PAL = 2.02 and 2.08 respectively), it cdmdargued that the choice between the
two sets of data is not important to the final ome of the analysis. However, given that
the 9-day values appear more credible, these valags been used in the overall
analysis.

BMR values, rates of energy expenditure, PAL valsxl rates of PAEE

85.

86.

Table A8 shows BMR values, rates of energy exparglitPAL values and rates of
PAEE (=TEE-thermogenesis-BMR=0.9xTEE-BMR) for th#festent groups and for all
men and women. It includes measurements separgtbdtb gender and by the timing
of the measurements i.e. either initial or latesgehof the training period.

Overall mean TEE, PAEE and PAL values indicate #Hihtvolunteers are very active
compared with the general population (PAL = 1.68)wauld be expected from their
training regimes. A detailed analysis of the défeces is provided below.

The relationship between PAL and PAEE

87.

The relationship between PAL and PAEE is shownigufe A4 below, which plots both
PAEE in MJ/day (Fig A4(A)) and PAEE/kg FFM (Fig Al against PAk,w for all
volunteers where FFM has been calculated. The fatanales and for females are
shown separately. Although for PAEE versus BAL there is an approximate linear
relationship (f =0.74 for men and 0.73 for women), PAL is not ayyarecise predictor
of PAEE. Thus for any PAd.\ value, PAEE may vary by £20% and more at high PAL
values in men and women; also PAEE is greater fem than women by about 40%.
However, this variability in PAEE at a particulaAP is due to variability in body
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weight and especially FFM because after adjustiAgE for FFM the relationship is
much more linear with much less variability? € 0.99 for men and 0.98 for women). In
fact this is to be expected given the nature of RAd PAEE. Algebraically, as PAL is
the ratio of TEE to BMR and as both BMR and TEE affenction of the FFM, (in the
latter case through the BMR component of the TEiEn the close relationship between
PAL and PAEE/kg FFM is to be expected. Also becaheeBMR prediction equation is
based on both FFM and FM, with mean values difenvith gender, then a gender
difference in the relationship between PAL and F&fijusted PAEE would be expected
and this is observed. Thus for any RAk value, PAEE/kg FFM values are slightly
higher for women than for men.

16

14 o

o
& Sex=male o o

121 Sex=female

10 t

PAEE(DLW)

1.4 16 1.8 2.0 2.2 2.4 26 2.8 3.0 3.2
PAL(DLW)

Figure A4 (A): Relationship between PAEE and PA . (Values are those for men
and women for whom PAEE and PAL could be calculatedrom TEE and BMRp.w)
calculated from the FFM and FM deriving from total body water; r? =0.74 for men and
0.73 for women)
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o Sex="F"
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0.14 ¢

012

PAEE(DLW)/FFM

0.10

0.08 ¢

0.06 t

0.04

0.02
14 1.6 1.8 2.0 22 24 26 28 3.0 3.2

PAL(DLW)

Figure A4 (B): Relationship between PAEE/kg FFM ad PALp.w (Values are those
for men and women for whom PAEE/kgFFM and PAL coull be calculated from TEE
and BMR(DLW) calculated from the FFM and FM derivin g from total body water; r* =
0.99 for men, 0.98 for women)
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Table A8: BMR, energy expenditure, PAEE and PAL valies

Situation Group N | BMR, TEE (MJ/day) | PAEE (MJ/day) I(Dl\ﬁﬁg; 5?kg§)dy WE | paL
Mean SD Mean SD Mean SD Mean SD Mean SD

Operations Jackson (M 18 | 7.31 | 0.40 15.3 2.57 6.5 2.22 0.085 0.03 2.09 0.33
CMS(R) ATR Winchester (1-2; F) 8577 |039 [124 [1.14 5.4 0.78 0.089 001 |[215 [0.13
CMS(R) ATR Winchester (1-2; M) 6| 7.17 0.49 15.2 1.50 6.5 1.31 0.090 0.02 2.13 0.22
CMS(R) ATR Winchester (8-9; F) 6 5.70 0.36 12.5 0.62 55 0.41 0.094 0.01 2.19 0.10
CMS(R) ATR Winchester (8-9; M) 5/7.15 |0.54 |[14.8 |1.40 6.1 1.18 0.086 0.02 |[2.07 |0.19
CMS(R) ATC Pirbright (1-2; F) 16| 557 |047 |12.2 |1.44 5.4 0.97 0.094 001 |[219 |0.16
CMS(R) ATC Pirbright (1-2; M) 16| 7.21 0.48 17.2 2.09 8.3 1.82 0.115 0.03 2.40 0.30
CMS(R) ATC Pirbright (13-14; F) | 16|5.54 |0.47 |13.3 |1.59 6.5 1.08 0.112 001 |[241 |0.17
CMS(R) ATC Pirbright (13-14; M) | 16|7.16 |0.63 |17.7 |1.86 8.7 1.26 0.121 0.02 |[247 |0.17
RAF Phase-1 | RAF Halton"AF) 13 | 5.52 0.39 12.5 0.70 5.7 0.55 0.099 0.01 2.27 0.14
RAF Phase-1 | RAF Halton A (M) 11} 7.52 0.56 18.1 1.45 8.8 1.20 0.114 0.02 241 0.20
RAF Phase-1 | RAF Halton B (F) 13 5.53 0.37 12.1 1.58 5.4 1.36 0.093 0.02 2.20 0.28
RAF Phase-1 | RAF Halton B (M) 11} 7.53 0.58 17.9 1.13 8.5 0.85 0.111 0.02 2.38 0.16
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CIC Paras (1-2; M) 20| 7.14 0.72 18.3 2.12 9.4 1.41 0.130 0.02 2.57 0.18
CiC Paras (19-20; M) 11| 7.44 0.68 18.4 2.56 9.1 1.82 0.119 0.02 2.47 0.21
CiC Guards (1-2; M) 16| 7.18 0.83 18.0 2.01 9.0 1.34 0.126 0.02 2.51 0.22
CCocC RMAS (F) 8 | 5.90 0.54 15.8 1.90 8.4 1.30 0.128 0.02 2.68 0.20
CCOoC RMAS (M) 8 | 7.58 0.69 19.8 2.27 10.2 1.53 0.130 0.02 2.61 0.17
SCBC SCBC Brecon (2-3; M) 28/ 7.51 0.63 19.6 1.77 10.1 1.06 0.128 0.01 2.62 0.14
SCBC SCBC Brecon (6-7; M) 30| 7.43 0.53 21.0 2.07 11.3 1.47 0.144 0.02 2.83 0.22
All males 196 7.34 0.61 18.3 2.62 9.1 2.03 0.121 | 0.03 2.50 0.30
All females 80 | 5.61 0.44 12.9 1.72 6.0 1.32 0.101 | 0.02 2.29 0.23
All Groups 276 | 6.84 0.97 16.7 3.44 8.2 2.33 0.115 | 0.08 2.44 0.30

@ Time when DLW measurements were taken during aseveice/training (specified week(s)) and genderf¢fmale; M=male)
® RAF Halton A = first DLW measurement; RAF HaltorsBsecond DLW measurement
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88. The regressions shown above in Figure A4 (B) comgd?AEE/kg FFM with PAb w
do not include all volunteers, only those for wh@BW values were available. This
allowed PAEE/kg FFM and PAJ.w to be calculated from the body composition data.
For the entire dataset, which includes subjecth wit body composition information, a
comparison of PAL with PAEE can only be done in terms of the cotreta of
PAEE/kg body weight with PAL. This is shown in Figure A5 below, where a similar
linear relationship is clear,’(=0.94 for men and for 0.91 women), as would beeetqal.
This is because the algebraic relationship discusd®ve for the PALw and FFM-
adjusted PAEE also applies for PARBNd weight adjusted PAEE, given that BMR
mainly a function of body weight. However, in tluase the gender separation is much
less obvious with very small differences in thepsl® and intercepts of the regressions
for men and women.

89. Taking Figure A4 and Figure A5 together it is clélaat PALis a good predictor of
PAEE per kg of body weight and especially PAEE kgi=FM within this population

group.

0.20

0.18

0.16

0.14

0.12

0.10

PAEE/kg Bwt

0.08

0.086

0.04

0.02
1.4 1.8 1.8 2.0 22 24 26 2.8 3.0 3.2 3.4

PAL(H)

Figure A5: Relationship between PAl, and PAEE/kg body weight (¢ =0.94 for men
and 0.91 for women)

Conclusions on the relationship between PAL and PAExmong military personnel and
trainees

90. The data discussed above show that, after adjustfoesize and especially for FFM
(where possible), the DLW-derived PAL value capsutbe variability in physical

35



activity between men and women within this popolatgroup to an acceptable level of
accuracy. Therefore within this dataset, where rR@dt values are in the active to very
active range, and with most volunteers of a hedihgy weight and body composition,
PAL does represent a good measure of individuasiphl/activity levels, when adjusted
for body weight and FFM. It is also an appropriateasure of TEE on which to devise
an EAR for energy.

Analysis of variability of PAL, values between groups

91.

The overall range and distribution of PAlvalues between groups and genders is
tabulated in Table A9 and shown as box and whiplas in terms of means and overall
range in Figure A6.

Gender effects

92.

93.

94.

Within a particular training regime designed forlenand female recruits, total energy
expenditure will be higher in men because on awethgy are bigger than women, with
a higher BMR/kg; however, is there also a gendiéerdince in the PAL value?

Figure A6 shows means and overall ranges of jRAbd Figure A7 shows means + 95%
confidence intervals and any significant gendeea#f between groups. Gender effects
are small if they exist at all. Of the seven groupih both male and female volunteers,
there are significant gender differences within yortlvo groups: in the initial
measurements of volunteers on both RAF Phase-ICM@(R) ATC Pirbright training
courses. In these two cases, PAL values were Blighwer for women than for men.

However, it is apparent in Figure A7 that even witthese groups there is some overlap
between 95% confidence intervals. For CCOC (RMASgan values for women are
higher than men and the highest mean overall Valuany group, (mean PAL= 2.68),
with the exception of SCBC Brecon (weeks 6-7). Tiisans that, for the two groups
with significant gender effects, this may be duetdype 1 error suggesting that there
are no gender effects within any group. Such a logian means that any further
inspection of energy expenditure can be made witgeader separation of PAL values,
thus simplifying the analysis.

Differences in PAL values between groups

95.

96.

97.

With no obvious gender differences, the seconckissthe extent of any true differences
between groups of military personnel irrespectif/gender. The overall range of PAL
values for all groups analysed irrespective of gergdshown graphically in Figure A8.

For the front-line troops on active service (Jackseenergy expenditure was most
diverse, generating the lowest and some very higergy expenditure levels. The
remaining groups generally have less diverse energenditure levels, as would be
expected since each group was undertaking a spéaifining programme.

There is considerable overlap between groups amah@er of different approaches to
grouping them together could be used. However tbsthogical is grouping the troops
by the different training courses. Overall, theoups examined fall into three
significantly different groupings in terms of meBAL values: Active Service, Military
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98.

Training Courses A (CMS(R) and RAF Phase-1), anlitdWly Training Courses B (CIC,
CCOC and SCBCQC).

The range and distribution of PAL values for eadining and active service group
within each of these three groupings are shownaiold A10. The significant difference
in the mean PAL values between the active servicaging and the two training course
groupings (Military Training Courses A and B) andoabetween the active service
grouping and five of the individual training courgeups is indicated by the number
superscripts (1, 2 and 3) in Table A10. Table Aldb ashows the 95% confidence
intervals for each grouping, which is also showaptuically as box plots in Figure A9B.
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Table A9: PAL values by group and gender: means andistribution

Situation Group PAL

Mean Min 25" Median | 75" Max

percentile percentile

Operations JACKSON (M) 2.09 1.62 1.90 2.08 2.16 2.97
CMS(R) ATR Winchester (1-2; F) 2.15 2.00 2.08 2.12 2.20 241
CMS(R) ATR Winchester (1-2; M) 2.13 1.89 1.98 2.06 2.37 242
CMS(R) ATR Winchester (8-9; F) 2.19 2.07 2.09 2.18 2.29 2.33
CMS(R) ATR Winchester (8-9; M) 2.07 1.84 1.99 2.00 2.18 2.34
CMS(R) ATC Pirbright (1-2; F) 2.19 1.90 2.07 2.17 2.33 2.43
CMS(R) ATC Pirbright (1-2; M) 2.40 2.07 2.16 2.33 2.63 2.92
CMS(R) ATC Pirbright (13-14; F) | 2.41 2.16 2.27 2.39 2.54 2.79
CMS(R) ATC Pirbright (13-14; M) | 2.47 2.11 2.40 2.47 2.56 2.78
RAF Phase-1 | RAF Halton A(F) 2.27 2.01 2.18 2.29 2.35 2.46
RAF Phase-1 | RAF Halton A (M) 2.41 2.03 2.27 2.42 2.59 2.69
RAF Phase-1 | RAF Halton B (F) 2.20 1.78 1.91 2.31 2.42 2.53
RAF Phase-1 | RAF Halton B (M) 2.38 2.16 2.19 2.42 2.52 2.56
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CcIC Paras (1-2; M) 2.57 2.21 2.46 2.57 2.74 2.86
cic Paras (19-20; M) 2.47 2.06 2.36 2.53 2.57 2.73
CIC Guards (1-2; M) 2.51 2.23 2.30 2.51 2.61 2.95
ccoc RMAS (F) 2.68 2.45 2.55 2.64 2.79 3.08
ccoc RMAS (M) 2.61 2.33 2.52 2.59 2.71 2.87
SCBC SCBC Brecon (2-3; M) 2.62 2.32 2.54 2.63 2.68 2.93
SCBC SCBC Brecon (6-7; M) 2.83 2.44 2.65 2.85 3.00 3.23
All males 2.50 1.62 2.32 2.53 2.68 3.23
All females 2.29 1.78 2.12 2.30 2.43 3.08
ﬁgiﬁﬁrgonne' under 2.46 1.78 2.26 2.46 2.64 3.23
All Groups 2.44 1.62 2.22 2.45 2.63 3.23

@ Time when DLW measurements were taken during aseveice/training (specified week(s)) and gendeff¢fmale; M=male)

® RAF Halton A = first DLW measurement; RAF Halton=Bsecond DLW measurement
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13/11/15

SACN/Military/15/02

Table A10: Overall range of PALvalues between courses and groups (not separated ¢gpgnder)

Situation/Group N Mean 95%Cl . 25" Media [75"
SD Min . . Max
percentile | n percentile

Active Service (Jackson) 18 2.09 1.93 | 2.26 0.33 1.62 1.90 2.08 2.16 2.97
'\A""'tary Training Courses | 447 | 5 33 227|234 | 023 | 178| 215 232 | 244 2.92
CMS(R) 89 2.30 023 | 1.84 | 2.12 231 | 243 2.92
ATR Winchester (19 13 2.15 017 | 1.89| 2.07 213 | 2.4 2.42
ATR Winchester (8-9) 12 2.12 016 | 1.84 2.00 2.12 2.25 2.34
ATC Pirbright(1-2) 32 2.30 026 | 1.90] 2.10 2.23| 4@. 2.92
ATC Pirbright (13-14) 32 2.44 017 | 211 2.33 2.44| 2.54 2.79
RAF Phase-1 48 2.3 021 | 178 | 2.17 234 | 245 2.69
RAF Halton A 24 | 2.33 018 | 2.01| 222 234| 243 92.6
RAF Halton B 24 | 2.28 024 | 1.78| 2.16 234|  2.49 62.5
'\B""'tary Training Courses | 451 | 268 | 260|268 | 022 | 206| 251 262 | 278 3.23
CIC 47 253 020 | 2.06 | 2.40 254 | 265 2.95
Paras (1-2) 20 | 257 018 | 221 2.46 257  2.74 2.86
Paras (19-20) 11 2.47 021| 206 2.36 253 257 | 732
Guards (1-2) 16 | 251 022 | 223 230 251 261 52.9
CCOC (RMAS) 16 | 2.64 018 | 2.33 | 252 263 | 277 3.08
SCBC Brecon 58 293 018 | 2.32 | 2.56 268 | 290 3.23
(2-3) 28 | 2.62 014 | 2.32| 254 263 | 268 2.98
(6-7) 30 | 2.83 022 | 244| 265 2.85| 3.00 3.23
All Groups 276 | 2.44 030 | 1.62| 2.22 245 | 263 3.23

4 Time when DLW measurements were taken during estirvice/training (specified week(s))

Note: The significant differences between the nfeAh values of active service and the 5 trainingrees and between active service and the two grafupaining courses

(Military Training Courses A & B) are indicated Hye letter superscripts (groups with different sapapts are significantly different).
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Figure A9: Means and 95% confidence intervals of PRy values between frontline
troops and A: those on the five training courses ahB: the two final groupings

Table A11: Age, weight, height, BMI for volunteersn final groupings

Groupings | N Sex | Age (years) Weight (kg) Height (m) | BMI (kg/m?)
Mean SD Mean SD Mean SD Mean SD
Active 18 | M 26.4 | 533| 76.1| 57| 178 005 241 1.64
Service
Training 65 | M 20.3 | 3.40| 74.6 8.7 1.79) 0.06 23.1 2.51
CoursesA |72 | F 205 | 4.17| 58.5 6.7 165 0.06 21.6 1.87
Training 113 | M 232 | 4.36| 76.8 105 1.77 0.0f 245 2.60
CoursesB | 8 F 23.1 1.13| 65.6 10.2 165 0.06 24.0 2.96
All men 196 225 | 453| 76.0 9.6 1.78 0.0|6 24.0 2.66
All women | 80 20.8 | 4.04| 59.2 7.4 1.65 0.06 21B 221
All Groups | 276 22.0 | 4.46| 711 11.8 1.74 0.09 23/4.64

99. Table All shows the age, weight, height and BMI folunteers in the final three
groupings. The overall distribution of PAL values the volunteers identified in Table

A10 is shown in Figure A10 compared with that of tleneral population (as described
by SACN, 2011).
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Figure A10 Overall distribution of PAL values for the current dataset of military
volunteers compared with the general population adescribed by SACN (201%)

% The ranges indicated by the double ended arrowthare%' to 75"-percentiles. AS, TCA and TCB refer to
the final groupings identified in Table A10.

Discussion

100.

101.

102.

103.

104.

This report is a complete analysis of all DLW datemilitary personnel provided by the
INM for the purpose of this review.

It needs to be emphasised that all troops exanweed very active, with activity levels
in the top 5% of the distribution examined for tpeneral population (see Figure A10).
For volunteers following the B group of trainingurses, energy expenditure was at
levels which may only be sustainable for shortqusiof time.

Energy expenditure on the CMS(R) and the RAF PhAasaining courses was lower
than on the CIC, the CCOC and SCBC training courses

An explanation for this (provided by the INM), wHsat the physical training load (in
terms of training intensity, frequency and duratjoend hence physical demands, are
lower for the initial military training programmes the Armed Forces which include
CMS(R) and RAF Phase-1. In contrast, the loadsiethrithe required intensity of
training and the duration of the courses are highethe CIC, the CCOC at Sandhurst
and the SCBC at Brecon. These differences refleettraining requirements each
programme is designed to address, and indeed tpaired occupational physical
capability of trainees at the completion of theispective programmes.

Although the nature of the training within the wars courses studied here has not been
examined in detail for this report, it would appdhat activity levels for many
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individuals, men and women alike, must have beethatlimits of their capability.
However, data on body weight changes during trgitisted in Table A5, indicate that
in almost all cases weight was maintained or tlveeee small gains or losses; the
exceptions were men following the SCBC course wist bn average 5.1 kg and the
subset for whom DLW measurements were made wh@148tkg. For this group, which
was heaviest at the start of training, with twowxkers who were obese (BMIO
kg/m?), the small weight loss meant that none were obgshe end of training. This
would suggest that overall energy intakes were aaleq
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